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PREFACE

Once in four years, cardiologists of the world united into the
International Society and Federation of Cardiology come together

to discuss the most pressing problems of cardiovascular pathology,
sum up the accomplishments of the intervening years, and set
directions for future research and exploitation of the existing
knowledge. Not too much time passed since the I Paris Congress of
International Foundation of Cardiology in 1950, but since then we
have been witnessing a real information explosion. Extraordinary
amounts of new knowledge, accumulated during the past three decades,
has revolutionized our understanding of major cardiovascular diseases
as well as approach to their treatment and diagnosis.

The IX World Congress of Cardiology, held in Moscow in June 20-26,
gathered 5,099 delegates from 78 countries. In the course of the
Congress, prominent scientists presenting 21 lectures on topical
problems of theoretical and practical cardiology; 900 papers were
heard at 37 Symposia and 58 Free Communication Sessions. The papers
and discussions demonstrated an increased contribution of fundamental
research to clinical arsenal. Another feature of modern biomedical
research is that it makes use of the latest accomplishments in

other fields of science and technology: physics, chemistry, elec-
tronics, etc. Of late, a new research discipline, called molecular
cardiology, has formed. By elucidating the most subtle basic
mechanisms whereby pathological processes develop, it is expected to
afford ultimate control of cardiovascular diseases.

The Congress demonstrated that new knowledge about the diagnosis and
treatment is being successfully introduced into clinical practice.
New, mainly non-invasive, sensitive diagnostic techniques to study
the heart and vessels function have appeared. Already existing
angiographic and nuclear techniques are being further elaborated.
Taking together the growing amount of relevant information and the
development of new devices, techniques and effective drugs, the
chances of successful treatment and reduction of cardiovascular
mortality have been greatly improved. Considerable progress has
been made by preventive cardiology through intensive investigation
of prevalence and changes in the incidence of cardiovascular
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diseases as well as factors that may influence these two. Large-
scale cooperative programs to control arterial hypertension and
coronary heart disease are being developed and implemented.

On the whole, the IX Congress in Moscow showed that modern cardiology

is a rapidly advancing science with great potential and feasible
prospects.

Academician Eugeni I Chazov
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LECTURES



ARE THERE MARKERS FOR THE PHYSIOPATHOLOGY

OF ESSENTIAL HYPERTENSION?

Alberto Zanchetti

Istituto di Clinica Medica IV, Universita di
Milano, and Centro di Fisiologia Clinica e
Ipertensione, Ospedale Maggiore, C.N.R.
Milan, Italy

INTRODUCTION

Widespread interest for the physiopathology of hypertension has
undoubtedly been raised by the hope of understanding the error or
the errors of regulation by which higher blood pressure values are
attained, but this cognitive interest has often been coupled with
the hope that improved physiopathologic understanding might result
in improved management of hypertenmsion. This practical interest
is linked with the belief that qualitatively or, at least, quanti-
tatively different mechanisms underlie the rise in blood pressure
in different patients. The hope of learning the best individual
treatment for a given physiopathological profile requires a process
of simplification, that is the identification of simple but meaning-
ful indices, or markers, from which a more complex functional pat-
tern can be described. The question mark in the title of this
lecture "Are there markers for the physiopathology of essential
hypertension?" has been placed to signify the uncertainty as to
whether any of the markers that have been proposed and used really
measures the function we assume that it measures, whether other
functional variables have a fixed relation with the supposed marker
and can be inferred from measurement of the latter, and finally
whether useful therapeutic guidelines can be derived from its measure-
ment. We shall see that it is not easy to get rid of these question
marks.



4 A. ZANCHETTI
MARKERS OF SYMPATHETIC ACTIVITY

Measuring sympathetic activity in man has been, and still is,
one of the most elusive undertakings in the clinical physiology of
hypertension. Two main approaches have been followed, 1) that of
assessing cardiovascular reflexes tonically regulating sympathetic
activity in order to identify a primary or secondary disturbance in
sympathetic regulation, and 2) that of measuring plasma catechol-
amines as an index of a possible increase in transmitter release
from sympathetic postganglionic endings.

Cardiovascular Reflexes and Hypertension

Interest has been concentrated upon reflexes originating from
low pressure and high pressure cardiovascular receptors. Limited
information is available about low pressure receptor reflexes, but
it has been suggestedl that an exaggerated sympathetic vasocon-
strictor response to withdrawal of the tonic inhibition from low
pressure cardiopulmonary receptors occurs in borderline hypertension.
A greater amount of attention has been concentrated on high pressure,
or arterial (sino—aortic), receptor reflexes. Sleightz, by studying
the bradycardic and tachycardic reflex responses to injection of
pressor and depressor drugs, has introduced the concept of baro-
reflex resetting accompanying human hypertension, resetting being
characterized by a raised threshold and a diminished sensitivity.

My group3’ has explored pressor and depressor responses to carotid
sinus manipulation by the neck pressure chamber., Figure 1 illus-
trates the differences in the baroreflex responses we observed in a
group of normotensive subjects and in two groups of moderate and
severe hypertensives. The pressor response to reduction in carotid
transmural pressure (that means baroreflex deactivation) was greatest
in the normotensive group, decreased in moderate hypertensives, and
was lowest in severe hypertensives. On the contrary, the depressor
response to increased carotid transmural pressure (i.e., baroreflex
stimulation) was lowest in normotensives, intermediate in moderate
hypertensives and greatest in severe hypertensives. This resetting
of baroreflexes, marking the progressive rise in arterial pressure,
consists in an upward shift of the baroreceptor threshold without a
real loss in reflex sensitivity, and allows maintenance of sympa-
thetic activity, as well as its modulation, in hypertension. Avail-
able evidence, however, is that baroreflex resetting is secondary

to the rise in pressure®, and cannot be used as a marker of primary
changes characterizing the development of hypertension. We have
recently shown® that resetting of the carotid sinus reflex is ident-
ical in patients with renovascular hypertension and im patients

with essential hypertension. Occurrence of secondary resetting

does not rule out, however, that there mi%ht also be a primary com—
ponent, and indeed there is some evidence’ that primary baroreceptor
resetting might occur in spontaneous hypertensive rats.
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Fig. 1. Above: changes in mean arterial pressure responses
(ordinates) to changes in carotid sinus transmural pressure
in normotensives (hollow circle), moderate hypertensives
(filled circle) and severe hypertensives (cross). Below:
schematic drawing of the stimulus-response curves relating
arterial blood pressure with carotid baroreceptor firing.
The set-point of the reflex (i.e., the point corresponding
to the stimulus provided by the existing blood pressure)
may be located nearby baroreceptor saturation in normo-
tensive subjects (line to the left) and migrate progress-—
ively to the baroreceptor threshold in moderate and severe
hypertension (modified from Mancia et a1.4).

Plasma Catecholamines in Hypertension

The knowledge that plasma noradrenaline represents the spill-
over of transmitter released by postganglionic sympathetic endings
has suggested its use as a marker of sympathetic activity, and as
a test of the hypothesis that essential hypertension may be main-
tained by enhanced sympathetic activity. Goldstein8 has recently
reviewed 32 studies comparing plasma noradrenaline concentrations
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in hypertensive and normotensive groups (Figure 2). Pooling all the
data together, relating to 1085 normotensives and 1496 hypertensives,
there is a slight but statistically significant difference in plasma
noradrenaline between normotensives and hypertensives, the average
concentration being somewhat higher in hypertensives (285 vs 231
pg/ml). 1In the whole, 28 out of 32 studies have found a higher
noradrenaline concentration in hypertensives, but in only 13 studies
the hypertensive-normotensive difference was statistically signi-
ficant. Furthermore, there are reasonable doubts that plasma nor-
adrenaline, being only an indirect reflection of transmitter released
by sympathetic endings, is a sufficiently sensitive index of that
mild increase in tonic sympathetic activity which might occur in
essential hypertension, or in a few hypertensive subjects. For
instance, we have shown? that the increase and decrease in blood
pressure (and sympathetic activity) which follow baroreflex deacti-
vation and stimulation by the neck pressure chamber is accompanied
by negligible changes in plasma noradrenaline. Plasma noradrenaline
might also be a poor marker of sympathetic overactivity in hyper-
tension as there is evidence that plasma noradrenaline correlates
with sympathetic activity to muscle blood vesselslO while there is
no excessive muscle vasoconstriction in hypertensionll. Plasma
adrenaline might perhaps represent a better marker of enhanced
splanchnic sgmgathetic activity, and it is interesting that there
are reportsl?s13 of increased plasma adrenaline concentration in
essential hypertension. Interest to this direction is added by
recent evidencel® that adrenaline can enhance noradrenergic sympa-
thetic transmission by a positive feedback action on pre-junctional
beta-adrenergic receptors.
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Fig. 2. Left: means and SEM of plasma noradrenaline (NA) in 1085
normotensive (NT) subjects and 1495 hypertensive (HT)
subjects in 32 different studies. Right: number of studies
in which NA was greater in HT than in NT, and number of
studies in which this difference was statistically signi-
ficant (from data of Golstein8).
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ABNORMAL ION TRANSPORT ACROSS CELL MEMBRANES

The greatest interest has recently concentrated on abnormal
ion transport across cell membranesl5s16 as a possible marker of
essential hypertension and, even more importantly, of genetic pre-
disposition to hypertension. Abnormal transport of sodium and/or
potassium ions across membranes of erythrocytesl?7-20, leucocytes2l
and lymphocytes22 have been described in essential hypertensives
and in normotensive children of hypertensive parents, and the hy-
pothesis has been advanced that reduced cellular sodium extrusion
might lead to hypertension, in the presence of excessive sodium
intake, by increasing intracellular sodium and calcium concentration.

Several considerations do not yet allow us to use membrane
abnormalities as safe markers of hypertension or of predisposition
to hypertension. Firstly, there is no general agreement about which
of the abnormalities described by the various investigators (of the
ouabain-sensitive sodium-potassium pump2l, of the furosemide-
sensitive sodium-potassium co-transport23,24, and of the sodium-
sodium (or sodium~1lithium) counter—transportio) is the phzsiopatho-
logic important marker. Secondly, the initial report23,24 that some
of these abnormalities would occur only in essential hypertension
and in children of hypertensive parents, has not been confirmed by
other investigators25,26, who have found a considerable overlap
between the distribution of these abnormalities in essential hyper-
tensives, in normotensives with a family history of hypertension,
and in normotensives without a family history of hypertension.
Thirdly, there is no general agreement as to whether these abnor-
malities actually lead to increased intracellular concentrations of
sodiuml3, and, fourthly, it is largely unknown whether the abnor-
malities found in blood cells also occur elsewhere, and whether they
might lead to hypertension by increasing vascular smooth muscle
contractility, or by increasing peripheral or central excitability
or rather by interfering with renal sodium excretion. Finally, it
has recently been maintained2’ that these ion flux abnormalities
would not be primary markers of a diffuse genetic membrane alter-
ation, but would rather be secondary consequences of the action of
a so-called natriuretic hormone, the secretion of which would be the
consequence of a primary impairment of renal sodium excretion.

THE RENIN-ANGIOTENSION SYSTEM AND BODY FLUID VOLUMES

Plasma Renin Activity in Hypertension

It is agreed that plasma renin activity can vary widely under
physiological conditions, and that patients with arterial hyper-
tension may have different renin levels and can be classified as
having low, normal and high renin hypertensionZ8. The meaning of
the classification of hypertensive patients in separate groups
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according to the renin/sodium index is still the object of consid-
erable debate, however. The Glasgow group29 has made the point that
both in normotensives and in hypertensives renin values are dis-
tributed as a single uninterrupted frequency distribution curve.

It has also been remarked by several authors29,30 that low renin
essential hypertension cannot be taken as an invariable marker of
increased volume. TFor the time being, plasma renin is a useful
diagnostic index for secondary hypertension, but its use as a marker
of subtypes of essential hypertension is of quite dubious signifi-
cance.

Body Fluid Volumes in Hypertension

Plasma volume, extracellular fluid volume, exchangeable sodium
have been measured in hypertensive subjects by several authors, all
of whom have failed to identify any group of volume expanded patients
in essential hypertension. Recently, Beretta-Piccoli et al.3l have
further explored the problem providing data of considerable interest.
Subnormal exchangeable sodium and the absence of a relation of ex-—
changeable sodium and blood pressure in younger hypertensive patients
suggests that excess sodium intake or excessive fluid volume are not
particularly important as pathogenetic mechanisms in the early
stages of essential hypertension, although a positive relation
between exchangeable sodium and blood pressure in older hyperten-
sives suggest that sodium and expanded body fluid volumes might
play a greater role in hypertension with advancing age.

MARKERS OF HYPERTENSION AS GUIDELINES TO TREATMENT AND PREVENTION

Plasma Renin Activity and Treatment of Hypertension

Plasma renin activity has been the most popular marker and
guideline for predicting the success of either beta-blockers or
diuretics according to a well-known theory expounded by John Laragh
and his group32 who suggested that beta-blockers were particularly
effective in high and normal renin hypertensives, and diuretics in
low renin hypertensives. However, the various arguments discussed
above should caution against an indiscriminate use of these indices
as a sufficiently precise profile of the hypertensive patient and
as an approach to the pharmacologic management of hypertension30,33.
Several of the inferences that have been made in recent years have
not resisted criticism, but caution should also be used against
translating sound criticism into an uncritical and generalized
denial. It is certainly true that recent research30,33 has not
supported the opinion that hypotension induced by beta-blockers
results solely or mainly from renin suppression, and that the renin/
sodium index can effectively screen patients responsive from those
unresponsive to beta-blocking therapy. This does not mean, however,
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that the renin-suppressive activity of beta-blockers is always and
necessarily free of hypotensive consequences. There is evidence
that renin may play some pressor role in a number of cases of hyper-
tension, especially in those patients whose renin is stimulated by
treatment with diuretics and vasodilators. Figure 3 shows that in
those patients in whom an exaggerated increase in renin due to
diuretic therapy blunted the hypotensive action of the diuretic,
addition of either an angiotensin II-antagonist, saralasin, or of

a beta-blocker can remove the counteraction of excessive renin and
produce a hypotensive effect.

Membrane Abnormalities and Prevention of Hypertension

The discovery of membrane abnormalities in the cells of hyper-
tensives and of normotensives with family history of hypertension
has suggested that these abnormalities could be used to identify the
subjects genetically prone to the development of hypertension if
exposed to excessive dietary salt intake. Several investigators are
preaching to drastically reduce dietary salt, and are waving the
attractive image of the bon sauvage, the simple savage, who does not
eat salt and is free from hypertension34. I have listed above the
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Fig. 3. Effects of associating the beta-blocker, propranolol (B8B)
160 mg/day for 1 week with the diuretic, chlorthalidone
(D), in 12 patients whose plasma renin activity rose above
2.0 nmol. 1.h~1l after administration of the diuretic alone.
Left: effects on mean arterial pressure (MAP) of saralasin
infusion starting from a sitting baseline (B) in control
untreated conditions (C, filled circles and dotted line),
after two week's diuretic therapy (D, hollow circles and
interrupted line) and after one week's combined therapy
with diuretic and beta-blocker (BB, hollow triangles and
continuous line). Right: effects on supine plasma renin
activity (PRA) (from Zanchetti et al.33).
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many unanswered questions about the nature and the meaning of mem-
brane abnormalities related to hypertension, and I would like to

end by stressing that clinical and preventive application of these
concepts must wait until an answer is provided to the many questions
unsolved. Until more is learnt of the physiopathology of hyper-
tension, extrapolation of hypotheses to the practice of medicine and,
particularly to preventive medicine, is likely to bring about more
disadvantages than benefits35.
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CONTROL AND TREATMENT OF ARTERIAL HYPERTENSION

F. Gross

Department of Pharmacology, University of Heidelberg
Im Neuenheimer Feld 366
D-6900 Heidelberg

Control of hypertension can be interpreted in two ways. Ac-—
cording to the WHO Technical Report “Arterial Hypertension'" (1978),
"the term 'hypertension control' includes all measures for health
protection and promotion related to high blood pressure", and "con-
trol programs" refer to public health actions aimed at hypertension
control, The other meaning applies to the efficacy of therapy in
the sense that high blood pressure of the patient should be kept
under control. In other words, aspects of community programs of
hypertension and of individual antihypertensive treatment have to be
considered when we speak of hypertension control. This lecture will
mainly deal with effective drug treatment of high blood pressure.
However, in view of the large number of subjects who have elevated
blood-pressure levels and the possible public health and economic
consequences that may arise if drug therapy is generally recommended,
it is advisable to discuss, at the beginning, some of the large con-
trolled studies in which the significance of effective blood-pressure
control for the community was investigated.

The first reliable data on the effectiveness of antihypertensive
drugs in reducing morbidity and mortality caused by high blood pres-
sure have been presented in the Veterans Administration Cooperative
Study (1967, 1970). It was demonstrated that in patients suffering
from severe hypertension, with diastolic pressures between 115 and
129 mm Hg, and in those with moderate hypertension, having an average
diastolic pressure of between 105 and 114 mm Hg, complications of
hypertension, such as cerebrovascular events and congestive heart
failure, were definitely reduced, whereas statistical significance
was not reached for the diminution of myocardial infarction. In sub-
jects with diastolic pressures ranging from 90 to 104 mm Hg, no stat-
istically significant reduction in morbidity and mortality due to

13
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cardiovascular events was obtained in the treated group as compared
with the placebo control group (1970). Since then, various controlled
trials of the treatment of mild hypertension have been undertaken

and, with the exception of that organised by the British Medical
Research Council (1981), been finished and evaluated.

An interim analysis of the four completed trials has recently
been published (WHO/ISH Mild Hypertension Liaison Committee, 1982)
which compares the design of the projects and their results. It also
refers to the trials which are still in course, mainly that of the
Medical Research Council (MRC) in Britain and that of the European
Working Party on High Blood Pressure in the Elderly (EWPHE) (Amery
and De Schaepdryver, 1981). The results of the various studies dif-
fer: the positive outcome of the Australian National Blood Pressure
Study (ANBPS) (1980) and of the American Hypertension Detection and
Follow-up Program (HDFP) (1979) has not been confirmed in the US
Public Health Service Study (USPHS) (McFate Smith et al., 1979) and
the Oslo Study (Helgeland 1980) (Table 1). The reason for these dis-
crepancies 1is mainly the insufficient sample size in the two latter
trials, which failed to reveal a positive effect of treatment on the
frequency of cardiovascular events. However, care is also indicated
with respect to the interpretation of the two positive studies, of
which the American HDFP was not a placebo-controlled trial, but a
comparison between two ways of treatment - either in special clinics
(stepped care) or with the usual medical care in the community (re-
ferred care).

From the available data it is obvious that the annual risk in
individuals with mild hypertension is small. In the untreated con-
trol groups, mortality of all causes (not only cardiovascular) was
0.5%7 in the Australian Study, the Oslo Study, and the MRC trial.

It was higher in the HDFP Study, in which patients with mild hyper-
tension had a 1.17 mortality rate per year under referred care, but
only 0.7% per year under the stepped-care management (WHO/ISH Mild
Hypertension Liaison Committee, 1982). 1In the ANBPS, fatal ischaemic
heart disease was less frequent in the treated group than in the
placebo group, but the absolute numbers were small (2 vs 8 patients),
and for non-fatal myocardial infarction no similar difference was
observed (18 vs 17 patients). 1In addition, the follow—-up of the
placebo group revealed that, after the three years of the study, the
blood pressure fell further in 487 and rose in 127, whereas it re-
mained in the mild hypertension range in 327 (Report by the Manage-
ment Committee of the Australian Therapeutic Trial in Mild Hyperten-—
sion, 1982). From these data it may be concluded that a considerable
percentage of subjects with mild hypertension does not need drug
treatment, but that it suffices to observe them closely and to watch
the course of their blood pressure. Nevertheless, it has to be kept
in mind that, in a population control study of middle-aged male civil
servants in London, a blood-pressure dependent rise in mortality has
been calculated, the cause of death being either coronary heart dis-
ease or stroke (Rose, 1981).
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So far, no indicators are available that would predict whether
a patient will benefit from drug treatment of mild hypertension.
In the ANBPS, analysis of the placebo controls revealed that one
fourth of the subjects who had a diastolic blood pressure below 95
mm Hg on the first three visits would be hypertensive three years
later, if they were left without treatment, whereas the remaining
75% would still have pressures below 95 mm Hg (Report by the Manage-~
ment Committee of the Australian Therapeutic Trial in Mild Hyper-
tension, 1982), This, however, means that a substantial group would
receive unnecessary treatment, if antihypertensive drugs were auto-
matically prescribed to subjects with mild hypertension. Hence, the
decision to treat mild hypertension should not only be based on the
values of diastolic blood pressure, but has to take into account
other factors as well that are characteristic for the individual,
such as age, sex, body weight, and possible risk factors - for in-
stance high serum lipids, cigarette smoking, and others - which may
be of greater significance for the manifestation of cardiovascular
complications, especially ischaemic heart disease, than a slight
elevation in blood pressure (Bauer and Hunyor, 1978).

In connection with the observations made in the HDFP Study and
the demonstration that stepped care in special clinics may produce
better results -~ not only with respect to cardiovascular complications
of blood pressure - it should be mentioned that, also in uncontrolled
studies, care of hypertensive patients was somewhat more effective
in hospital out-patient departments than in general practice. How-
ever, after hospital treatment, discharge back to general prac-
titioners may result in a satisfactory control (Bulpitt et al., 1982).

The fact that it is possible to lower the risk of fatal and
non-fatal myocardial infarction by the treatment of mild hypertension
should not let us forget that the number of those who benefit from
preventive treatment is only a fraction of those who are treated.

The mass approach to preventing complications of mild hypertension
means little benefit for the individual, or, as has been stated re-
cently: "A measure that brings large benefits to the community offers
little to each participating individual" (Rose, 1982). There is the
danger that, on the basis of positive findings in epidemiological
studies, generalizing recommendations will be made to apply drug
treatment to all individuals with mild hypertension instead of making
a more careful selection considering additional criteria. Our efforts
should aim at singling out those who are at a higher risk than at
undifferentiated mass treatment. Keeping this in mind, we may now
turn to the various possibilities of effective treatment.

GENERAL MEASURES

At the beginning of active treatment, especially in patients
with mild to moderate hypertension, general therapeutic measures
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are advisable. These include weight reduction by means of appropriate
dietary regimens, restriction of salt intake to 4~6 g daily, cessation
of cigarette smoking, and moderation in alcohol consumption. The
modest reduction in salt intake is generally recommended, but few
reliable data are available so far showing that it really affects

high blood pressure (Morgan et al., 1979). Further controlled studies
on the effect of a limited dietary salt restriction are necessary,
particularly in comparison with the administration of low doses of
diuretics. Physical activity has been claimed to diminish high blood
pressure, but there is little evidence to support such a statement;
there is at least no indication that physical inactivity enhances

the risk of developing high blood pressure. Psychological stress is
said to contribute to chronic blood-pressure elevation, but here

again no convincing data are in hand, and for this reason the ill-
defined term and the corresponding claim should be avoided. Similar-
ly, various behavioral procedures have been said to be effective in
lowering high blood pressure such as biofeedback methods, yoga, re-
laxation, transcendental meditation, and psychotherapy (Patel, 1975a,
b). All these practices take a long time, are expensive, and may at
best bring transitory relief - they are certainly not suitable for

use on a large scale (Andrews et al., 1982). Hence, taken together,
the effects of general measures on high blood pressure remain limited
and will in most cases assist drug treatment rather than replace it.

ANTIHYPERTENSIVE DRUGS -~ THE PRESENT SITUATION

Today, an abundance of active drugs is available for the treat-
ment of hypertension, and practising physicians are often confused
about the various pharmacological possibilities of interfering with
the regulation of blood pressure. The drugs differ with respect to
their pharmacodynamic profiles, their mechanisms of action, their
efficacy and potency, their pharmacokinetics and unwanted effects.

To a certain degree, this holds also true for the various representa-
tives within a class of drugs, and, consequently, not all diuretics,
all B-blockers, or all vasodilators have identical profiles of activity
and are interchangeable. Admittedly, minor differences are occasion-
ally overstated, mainly for promotional reasons, although they are

of little, if any practical significance. On the other hand, by far
not all the diversities are trivial, and quite a few make it possible
to adjust treatment better to the needs of the individual patient.

According to their mode of action, four large groups of anti-
hypertensive agents can be distinguished (Table 2). Among the drugs
which act on the efferent sympathetic system, a further differen-
tiation is possible between those which act on centrally located
adrenergic receptors and those which act preferentially in the
periphery, mainly on the heart and the resistance vessels.
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Table 2. Antihypertensive Agents Grouped According to
their Mode of Action

1. Drugs that interfere with the efferent sympathetic
system, including the a- and B-adrenoceptors

2. Drugs acting directly on arteriolar smooth muscle
(vasodilators)

3. Drugs affecting electrolyte-water balance, and,
secondarily, total peripheral resistance

4. Drugs that interfere with the renin-angiotensin
system

Monotherapy

According to the recommendations in the WHO Technical Report on
Arterial Hypertension (1978), treatment should usually start with
one drug in the form of monotherapy, either with a f-adrenoceptor
blocker or with a diuretic (Table 3). Only subsequently, if no
satisfactory response has been achieved with a single drug, combin-
ations of various types of drug should be given. This principle has
been accepted by national organisations, such as the national so-
cieties or leagues against hypertension, but it is obvious that not
in all countries, for instance the Federal Republic of Germany, this
suggestion is observed. Many physicians here prefer the use of fixed
combinations right from the beginning instead of trying to achieve
a satisfactory result with the minimum of drugs. 1In favor of such
a policy it is often argued that the simultaneous administration of
various drugs makes it possible to reduce the dosages of the indi-
vidual components, which have not only an additive, but often also
a synergistic action. Consequently, besides a more marked blood-
pressure lowering effect, the incidence and severity of side effects
and adverse reactions may be diminished. However, there is also the
danger to introduce unwanted effects together with an additional
drug, and therefore the principal requirement - to administer as few
drugs as possible - remains valid.

The debate about the criteria for the first choice in mono-
therapy still goes on (Withworth and Kincaid-Smith, 1982). It has
been claimed that in younger patients B-adrenoceptor blocking drugs
are preferable, and that in older patients or in those in whom the
blood pressure has been elevated for a long time the treatment may
start with a diuretic. However, it is difficult to draw a dividing
line between older and younger individuals, and there are also quite
a few exemptions from such a generalizing rule. Some years ago, the
activity of the renin-angiotensin system was also suggested as selec-—
tion criterion, patients with high or normal plasma renin activity
being candidates for B-blocker therapy and those with suppressed
activity for a diuretic (Biihler et al., 1972); but also here, too
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Table 3. Drugs to be used for Monotherapy

Standard drugs:
B—adrenoceptor blockers

relatively cardioselective (B1>B3),
non-selective (B1.B2)

or
diuretics:

thiazides, indapamide
thiazides + potassium-sparing drugs

Possible alternatives:
a —adrenoceptor blocker: prazosin (indoramin)
a - and B-adrenoceptor blocking: labetalol
converting enzyme inhibitor: captopril

many exceptions from the rule have been found besides the inherent
difficulties of the test method (Report on Round Table, 1975, Morgan,
1976). The assessment of the haemodynamic situation may provide
more helpful guidance but in many cases the trial-and-error principle
has to be applied, and the choice is left to the personal experience
and preference of the doctor (Waal-Manning, 1976; Gross, 1982a).

This holds also true for the selection of one of the numerous re-
presentatives that are in hand in the two classes of drugs. All the
available evidence indicates that the blood-pressure lowering po-
tential of all B-adrenoceptro blockers is similar, provided they

are given in the correct dosage, and the same holds true for the
thiazides and related diuretics (Gross, 1982b).

B-Adrenoceptor blockers as well as diuretics cause only a mod-
erate fall in blood pressure, which rarely exceeds 25 mm Hg systolic
and 15 mm Hg diastolic, the maximum response being generally achieved
after one or a few weeks of treatment. A positive correlation has
been found between the height of diastolic pressure at the beginning
of diuretic therapy and the reduction of pressure obtained after
several weeks (Turner, 1977). Whereas diuretics are usually pre-
scribed in relatively small doses, corresponding to 25 or, at the
most, 50 mg of hydrochlorothiazide per day, the B—adrenoceptor block-
ers are, as a rule, given in higher doses than for the treatment of
angina or tachyarrhythmias. A slow increase in dosage may result in
a better response of blood pressure, but the dosage range is variable,
and the dose-response curve for the blood-pressure lowering effect
is shallow and does not follow closely that for antagonizing the
effects of isoprenaline on the blood pressure. This holds also true
for the delayed onset and for the duration of action, which exceeds
that derived from measuring plasma concentrations.
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Various arguments have been brought forward in favor of using
relatively cardioselective B-adrenoceptor blockers in the treatment
of hypertension. However, no convincing data have been presented
which support a better efficacy or tolerability of drugs which act
preferentially on B;-adrenoceptors. The attempt to distinguish be-
tween various generations of B-adrenoceptor blocking drugs is a
promotional gag rather than a scientific reasoning. The intrinsic
sympathetic activity and the duration of action may be of greater
significance for the selection of the drug, the former being rather
unwanted in the treatment of high blood pressure, the latter such
that it permits the administration of one dose every 24 hours. Re-
cently, it has been shown that blockade of B-adrenoceptors may be
responsible for changes in plasma lipid concentrations, an increase
in total and very low-density lipoprotein (VLDL) triglycerides, and
a decrease in high-density lipoprotein (HDL) cholesterol and free fat-
ty acid concentrations (Waal-Manning, 1976; Day et al., 1982; Leren
et al., 1980). These changes in plasma lipid concentrations are
ascribed to a marked stimulation of a—adrenoceptors, which results
in an inhibition of lipoprotein lipase and a subsequent rise in
plasma triglycerides. Excessive o-adrenoceptor stimulation has also
been claimed to impair the production of HDL cholesterol in patients
who had already a low HDL cholesterol concentration before the ad-
ministration of B-adrenoceptor blockers (Day et al., 1982). However,
it has not been proven that these changes in plasma lipids are of
clinical significance, even if they are maintained for some time.

Special mentioning merit B-adrenoceptor blocking drugs such as
labetalol, which, besides its affinity to B1— and Ry-adrenoceptors,
has an affinity to aj;—adrenoceptors, the ratio of B- to a-blocking
activity being about 4:1. The lower affinity to aj—adrenoceptors,
however, suffices to induce a more marked blood-pressure lowering
effect than is achieved with exclusive blockade of B-adrenoceptors
and which may even result in occasional overshooting orthostatism
(Prichard and Richards, 1982). So far, labetalol is the only mar-
keted representative of drugs which bind to both types of adrenocep-
tors, but others may be expected which have more favorable pharma-
cokinetics and a longer duration of action than labetalol. 1In any
case, this type of adrenoceptor blocking drug is suitable for mono-
therapy and may be administered at the beginning of treatment.

In this context, the question arises whether a selective a;~
adrenoceptor blocking drug, such as prazosin, is suitable for mono-
therapy. The drug has continuously gained acceptance after problems
of orthostatic responses, produced by the first administration, had
been overcome by the lowering of the initial dose (Brogden et al.,
1977). Although prazosin may be used alone, it is preferably given
together with a diuretic to keep the dosage down also during pro-
longed treatment and to avoid sodium fluid retention (Bolli et al.,
1980). The lack of tachycardic response as well as the reduction in
cardiac preload are haemodynamic advantages of prazosin, but the
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danger of initial orthostatic reactions, the frequently observed
development of tolerance, and the subsequent increase in dose, necess-—
ary to obtain a reliable reduction in blood pressure, make it ad-
visable to use the drug carefully. Hence, it is not suitable for
initial monotherapy.

Among the diuretics, it is especially hydrochlorothiazide, ben-
drofluazide, and the long-acting chlorthalidone, which are the stan-
dard drugs in this kind of monotherapy. The question arises whether
they should be given routinely together with potassium supplements,
as is widely done in the USA and the UK, or whether it would be
preferable to add a potassium—retaining diuretic to them., In general,
potassium loss is limited, and serum potassium concentrations rarely
fall below 3.5 mEq/!, provided the doses remain in the low range,
corresponding to 25 mg hydrochlorothiazide or even less of chlor-
thalidone. The fact that supplements of potassium chloride are much
more frequently administered in the USA than in Germany or other
European countries may be explained by the generally higher doses of
the diuretics that are given in America as compared to Europe. It
has, however, to be kept in mind that potassium chloride, administered
together with a diuretic, is excreted rapidly and does not cause a
rise in the serum concentration of potassium (Lowe et al., 1979).

In the majority of cases, there is no need for potassium supplements,
provided that dietary potassium supplementation is adequate. The

same holds true for the combination of two diuretics, a thiazide
derivative or a related drug together with a potassium-conserving

drug such as triamterene or amiloride. The occurrence of hypokalaemia
may be reduced by such a combination, but it has also been demon-
strated that, in aequi-effective antihypertensive doses, the addition
of a potassium—conserving drug may have no special effect on serum
potassium concentration (Anavekar et al., 1979).

Indapamide merits special mentioning, since it differs chemically
from the thiazides and has in addition peculiar pharmacokinetic fea-
tures, which are responsible for a prolonged duration of action.
Besides the diuretic activity, a vasodilatory effect is claimed for
indapamide, which may be demonstrable in low doses affecting electro-
lyte and water excretion little (Anavekar et al., 1979; Passeron et
al., 1981). Hence, the request to give low doses of diuretics in
the treatment of hypertension may be more easily realized with in-
dapamide than with other diuretics owing to its vasodilatory com-
ponent, its high lipophilicity, and its slow excretion (Wheeley et
al., 1982).

Like the B—adrenoceptor blockers, also the diuretics may be
responsible for slight changes in the lipoprotein pattern of the
plasma. A mild increase in VLDL lipoproteins has been shown simul-
taneously with a reduction in HDL cholesterol, but it remains doubtful
whether any clinical significance may be attributed to these vari-
ations. The diuretics have now been established in the treatment of
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hypertension for 25 years and may be considered one of the best-
tolerated groups of drugs, being nearly free from severe adverse
reactions.

In the future, a third group of drugs may be more widely used
in the monotherapy of hypertension, namely the vasodilators which
act by interfering with calcium transport in the smooth-muscle cells
of the arterioles (Leonetti et al., 1981; Muiesan et al., 1981).
These drugs, also called calcium antagonists, have been widely used
in the symptomatic treatment of angina, but they also lower total
peripheral resistance. Usually, they cause an increase in heart rate
by stimulating the baroreceptors. An exception is verapamil, which
reduces heart rate by direct action on the atrioventricular conduc-
tivity. Besides verapamil, nifedipine and diltiazem have been used
in the treatment of hypertension, but further derivatives, with pos-
sibly a longer duration of action, may be expected soon (Hulthén,
U.L. et al., 1982; Krebs et al., 1982; Biihler et al., 1982 in press).
As long as reflex tachycardia will be marked, the calcium-channel
blockers will probably not be used in monotherapy, but only together
with B-adrenoceptor blocking drugs. However, as soon as derivatives
will arrive which do not increase heart rate or only transitorily so,
these drugs may find a place in the initial treatment of high blood
pressure.

Combined Treatment

In the step-wise treatment of hypertension, monotherapy is suc-
ceeded by the simultaneous administration of two or more drugs which
act by different mechanisms on the regulation of blood pressure.

The most obvious combination is that of B—adrenoceptor blockers and
diuretics, which have a partly additive effect on blood pressure

and in most cases cause a more pronounced lowering than either drug
alone. However, since treatment has usually been started with either
a B-blocker or a diuretic, it could also be that the response to the
added component is more marked, and that this second drug might be
more suitable for monotherapy than the drug used primarily. To make
sure that it is really necessary to give two drugs, the other compon-
ent would have to be tested alone, before being joined to the drug
first used. In countries where drug combinations are preferred to
single drugs, such as in the Federal Republic of Germany, already
numerous fixed-ratio combinations of diuretics and B-adrenoceptor
blockers are available; in other countries, such as Sweden, there is
none so far, and the two types of drug have to be administered sep-
arately, with the advantage that they can be dosed individually al-
lowing a greater flexibility.

The large number of available antihypertensive agents allows
numerous combinations, but it has to be requested that the two or
more drugs given together should not only differ with respect to
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their mechanisms of action, but also act synergistically and cor-
respond to one another with regard to their duration of action. 1In
most cases, combination therapy includes a diuretic in low dose,
which generally enhances the action of the other component(s). Re-
cently, there has been the tendency to add a combination of two
diuretics, including a potassium-conserving one, but in most cases
this is unnecessary, especially in fixed-ratio combinations of anti-
hypertensives, provided the diuretic dosage is kept low.

Not all the available and possible combinations can be mentioned,
but only a few examples shall be given. If the simultaneous admini-
stration of a diuretic and a R-~blocker results in an unsatisfactory
lowering of blood pressure, a vasodilator may be added - either one
of the hydralazine type, or a blocker of the slow calcium-channels,
or an aj-adrenoceptor blocker (Table 4). Such a triple combination
has the advantage of a peripheral mechanism of action and, provided
the doses of the individual components may be varied, will allow
adequate control in 75 to 807 of the cases.

Further possibilities are drugs that stimulate centrally located
as-adrenoceptors, such as clonidine and a-methylnoradrenaline, the
active principle of oa-methyldopa (Table 4). New interest has arisen
in clonidine, because it has been found to be active in smaller doses
than often recommended previously, i.e. in the order of 50 to 100 mcg,
and causes therefore fewer side effects. Guanfacine is very similar
to clonidine, and the same is the case with guanabenz. Guanethidine,
which, twenty years ago, was a definite progress in antihypertensive
therapy as the first specific peripheral adrenergic neurone blocker
is hardly used any more, since it is poorly absorbed, causes ortho-
static reactions and other unwanted effects. All these drugs are
hardly given alone, but together with at least a diuretic and mostly
with a further drug in addition.

Quite recently, captopril, which interferes with the renin-
angiotensin system by inhibiting the angiotensin I converting enzyme,
responsible for the formation of the active octapeptide angiotensin
II, has been increasingly used in the treatment of severe hyper-
tension, often in patients who had been resistant to other types of
drug treatment (Atkinson et al., 1980; White et al., 1980). The
mechanism by which captopril and other drugs, which inhibit the ac-
tivity of the converting enzyme or kininase II similarly, interfere
with the blood-pressure regulation is not quite clear. The activity
of kininase II is not completely blocked by captopril, and some
angiotensin II is still present, but the main difficulty in under-
standing the antihypertensive action of the drug is the fact that
in essential hypertension the renin-angiotensin system is of little,
if any, pathogenic significance. Nevertheless, the success of cap-
topril has stimulated research in this area, and similar drugs,
characterized as converting enzyme inhibitors, may be expected soon.
Of these, MK 421 or enalapril, which has a longer duration of action
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Table 4. Stepwise Treatment of Hypertension

Ist step 2nd step 3rd step
BETA-BLOCKER BETA-BLOCKER BETA-BLOCKER
plus plus
or DIURETIC DIURETIC
plus
VASODILATOR
DIURETIC DIURETIC
plus
VASODILATOR DIURETIC
plus
a~METHYLDOPA
or
CLONIDINE
DIURETIC
plus
CAPTOPRIL

than captopril, is already quite advanced in clinical trials. Cap-
topril itself and probably other converting enzyme inhibitors have
no marked antihypertensive activity, unless the renin-angiotensin
system is stimulated. By giving a diuretic simultaneously, preferably
a loop-diuretic, such as furosemide, the sensitivity to captopril is
enhanced, and this may be a suitable means to obtain a satisfactory
response. On the other hand, the combination of captopril with a
B~blocker does not enhance the blood-pressure lowering effect in
essential hypertension in a similar way as the addition of a diuretic
(MacGregor et al., 1982). This is a good example demonstrating that
combinations of antihypertensive drugs have to be selected carefully.
Even less clear than the antihypertensive mechanism is the beneficial
haemodynamic effect of captopril in congestive heart failure. Here,
not only afterload is reduced by a reduction in total peripheral re-
sistance, but also preload, since the capacitance vessels are also
dilated under the influence of the drug. The onset of action is
quite prompt, and it seems that in most cases it is not necessary to
add a diuretic. It will, however, take some more time until the
place of this type of drug in the treatment of congestive heart fail-
ure is definitely established.

Treatment of Refractory Hypertension

In the relatively small number of patients in whom the usual
stepped-care regimen (including a diuretic, a B-adrenoceptor blocker,
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and a vasodilator) has not resulted in a satisfactory control of
blood-pressure, various drugs have been tried that have a more drastic
blood-pressure lowering effect. In a recent article, three of these
drugs -~ diazoxide, minoxidil, captopril - and a combination including
prazosin have been comparatively studied in the treatment of refrac-
tory hypertension (Swales et al., 1982). In such patients, care has
to be taken not to lower the blood pressure too abruptly, since
cerebral hypoxia with all its consequences or myocardial infarction
may occur, if the blood pressure falls suddenly to levels that are
far beyond those to which the perfusion of the tissues is adapted
(Ledingham and Rajagopalan, 1979). Minoxidil is certainly the most
powerful vasodilator, but it has to be given together with a diuretic
and a B-blocker (Figure !) (Tenschert et al., 1980); captopril has

a lower efficacy, which, however, can be increased by the addition

of a diuretic. The quadruple therapy, which consists of the addition
of prazosin to the standard regimen of a diuretic, a B-blocker, and
hydralazine, is considered quite complex and may only be suitable in
the hospital, since problems of compliance may arise at home. Never-
theless, by suitable use of the drugs available today nearly all
hypertensives can be satisfactorily controlled and the progress of
cardiovascular complications stopped. Although such complex treat-
ment regimens are anything but ideal and may include adverse reac-
tions, one should keep in mind that, 25 years ago, these patients
would not have survived, but would have died of their disease within
a few months or years.

WHAT ARE THE PERSPECTIVES?

To come back to the beginning, one has to consider the prospects
for prevention and treatment of high blood pressure. Since we have
numerous active drugs in hand which enable the control of high blood
pressure - admittedly not ideally, but with a reasonable benefit/risk
as well as benefit/cost ratio - it would be more important to con-
centrate on developing preventive measures. However, prevention of
a chronic disease, of which the causes are unknown, is much more
difficult to realize than treatment and may be effective only if
substantial and continuous efforts are made which may not be feasible
economically. Furthermore, despite the fact that preventive inter-
ventions are generally suggested — such as weight control, reduced
salt intake, physical activity, behavioral education, and the avoid-
ance or elimination of adverse psychological and social factors -
hardly any convincing data are available which would justify definite
recommendations for the time being. Many more studies have to be
undertaken to answer at least part of the unsolved questions and to
provide a more solid basis for proposing changes in behavior, dietary
habits, or professional activities. We have to concede that there is
more belief than facts in supporting general measures as being effec-
tive in the control of high blood-pressure. This unsatisfactory
situation makes it urgent to start well planned long-term studies to
provide the urgently needed data.
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Fig. !. Supine systolic and diastolic blood pressure, pulse rate
and body weight in 22 patients with severe hypertension,
Solid circles (®) indicate significant differences (p <0.05
- <0,001) to initial values, open circles (O) non-signifi-
cant changes during the observed period of 42 weeks.

The easier way will be to develop further drugs for the treat-
ment of hypertension, and here we shall see quite a few more come
up. Since most possibilities of interfering pharmacologically with
the regulation of blood pressure have already been extensively
studied and since corresponding drugs are in hand, it may hardly be
expected that there will be principally new types of antihyperten-
sives. One of the new possibilities might be the interference with
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the central serotoninergic system, and the development of ketanserin,
a blocker of serotoninjg-receptors (5HT;) could be a step in this
direction. The drug is said to have a specific affinity to 5HT,-
receptors, but it has recently been demonstrated that it binds also

to a;~adrenoceptors (Van Nueten et al., 1981; Fozard, 1981). A
blood-pressure lowering effect has been obtained in hypertensive
patients (DeCree et al., 1981; Wenting et al., 1982) but it remains

to be shown that it is due to blockade of 5HT, receptors and not
mainly to blockade of aj-adrenoceptors. Of course, continuous, more
or less conspicuous improvements of already existing pharmacological
principles will be made, with the result that the number of anti-
hypertensive drugs will increase within the forthcoming years. This
will not necessarily mean that the new drugs will be definitely better
than those in hand today; they may have marginal advantages in one

or the other direction, but it is hard to imagine that there will be
a breakthrough comparable to that during the period from 1953 to 1962,
when effective control of high blood pressure became possible for the
first time.

If we consider the requirements for an ideal antihypertensive
drug, as they have been defined many years ago (Table 5), we may say
that most of them are satisfactorily met with the drugs available
today. However, there still remains the request for improved toler-
ability, although we have to admit that quite a few of the drugs now
in hand are remarkably well tolerated. We must also make it clear
that there will be no ideal drug, and that all antihypertensives,
those which are at our disposal and those to come, will have some
unwanted effects and will have to be carefully studied in that di-
rection.

The main problem to be settled is the control of mild hyper-
tension, by far the most important from the community point of view.
Should mild hypertension be treated in all subjects in whom it has
been diagnosed, and should the elevated blood pressure be lowered
by regular long-term intake of drugs? It is reassuring to know that
effective treatment of severe and moderate hypertension is possible

Table 5. Requirements for an Antihypertensive Drug

1. Decrease in blood pressure: slow onset, not too
pronounced, similar in supine and standing positions

2. Duration of action: 12 to 24 hours

3. Active by mouth

4. No negative inotropic effect on the heart, no tachycardia

5. No tolerance

6. No or only mild adverse reactions or side effects, no
reduction of physical capacity and mental alertness

7. Suitable for long-term treatment
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today, and that cardiovascular complications may be prevented to a
substantial degree. However, it is at least as important to avoid
unnecessary treatment and not to expose all those who have a mild
rise in blood pressure to drugs that may cause some risk without
providing any benefit. More research is needed along these lines
to improve further the control and treatment of hypertension.

In concluding, a few rules for the management and control of
hypertension should be given (Table 6). It is not to be expected
that there will be a change in these general rules in the future,
and this holds true not only for the treatment with the drugs we
have in hand, but also for the preparations that may be available
tomorrow.

Table 6. Management of Hypertension, General Rules for
Drug Treatment

Gradual and slow lowering of blood pressure

2. Special care with old-age people; avoid abrupt changes,
no strong-acting diuretics

3. Lowering of blood pressure to be achieved with minimum
number of drugs

4. Application of the stepped-care program

5. One or two doses per day

6. Preference for peripherally acting drugs
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Oxygen deficiency in heart muscle is most commonly induced by
reduction in coronary flow, referred to as ischemia. As contrasted
to hypoxia or anoxia in which flow of blood with low or zero oxygen
tension is maintained, ischemia leads to accumulation of metabolic
products that further modify rates of biochemical reactions. After
periods of severe ischemia ranging from 30 minutes to 1 hour or more,
irreversible damage occurs. Damage of this severity is charac-
terized by disruption of the plasma membrane that is preceded by
swelling of both the cell and mitochondria. Concurrently, the myo-
fibrils and intercellular junctions are disrupted, and there is
margination of nuclear chromatin. Reperfusion of an irreversibly-
injured cell leads to accumulation of Ca** within the mitochondria
and failure to recover contractile activity.

In discussing the biochemical events leading to ischemic damage,
attention will be directed to two aspects of cell metabolism. The
first of these is energy metabolism, In oxygen—deficient muscle,
formation of high-energy phosphates depends upon efficient utilization
of the oxygen that remains by mitochondrial oxidative phosphorylation,
and upon generation of ATP via the glycolytic pathway. As will be
discussed, generation of high-energy phosphates by both of these
pathways may be impaired by accumulation of metabolites. The second
aspect of deranged metabolism in ischemic muscle to be discussed
will be destruction of cellular organelles by hydrolytic enzymes.
Activation of the lysosomal system has been observed frequently in
ischemic tissue, including muscle.“”/ Lysosomal enzymes possess the
potential to hydrolyze macromolecules, such as proteins, nucleic
acids and polysaccharides, and small molecular weight substances, such
as phospholipids and metabolic intermediates. The possibility that
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accumulation of metabolites may modify the hydrolytic activity of
lysosomal enzymes and that a link may exist between depletion of high-
energy phosphates and accelerated hydrolysis of cell constituents by
lysosomal enzymes will be discussed.

Energy Metabolism of Ischemic Muscle. Metabolism of Glucose in
Ischemic Hearts

In aerobic cells supplied with normal plasma levels of glucose
and fatty acids, glycolysis makes a small contribution to generation
of ATP. Approximately 20% of myocardial oxygen consumption is ac-
counted for by oxidation of glucose; about 17 of ATP synthesis occurs
in the passage of these glucose residues through the glycolytic path-
way.8 The steps restricting glycolysis in aerobic and ischemic
muscle are shown in Table 1. The major steps restraining glycolysis
in aerobic muscle are glucose transport, hexokinase, phosphofructo-
kinase, and pyruvate dehydrogenase. The major oxidative substrate
of heart muscle is free fatty acid. Oxidation of free fatty acid
results in restraint of glycolysis at the transport, phosphofructo-
kinase, and pyruvate dehydrogenase steps. The mechanism of the in-
hibition of transport is unknown, while phosphofructokinase is re-
strained by accumulation of citrate. Pyruvate dehydrogenase is in-
hibited by higher tissue levels of CoA and NADH, and by conversion
of the enzyme to the inactive phosphorylated form. Inhibition of
these steps accounts for preferential utilization of fatty acids
by heart muscle.

Addition of insulin accelerates glucose transport as much as
30-fold, and shifts the major restraint on glycolytic rate to glucose
phosphorylation. In aerobic hearts supplied only glucose, phospho-
fructokinase is the major reaction limiting glycolytic rate. Addition
of fatty acids inhibits this reaction, as well as pyruvate dehydro-
genase, and restrains glycolytic rate despite the presence of insulin.

So long as coronary flow is maintained, oxygen deficiency ac-
celerates glycolysis, as a result of faster rates of glucose trans-—
port, hexokinase, and phosphofructokinase. The mechanism of ac~
cleration of glucose transport is poorly understood, but appears to
involve greater sensitivity of the transport process to stimulation
by insulin, and perhaps a more direct effect, resulting from the fall
in energy levels. Acceleration of hexokinase results from a re-
duction in tissue levels of glucose-6-P, a potent product inhibitor
of the enzyme, and an increased tissue level of Pj, an activator.
The fall in glucose-6-P is a consequence of an acceleration of phos-

phofructokinase due to decreased tissue levels of ATP, an inhibitor
of the enzyme, and increased levels of AMP and Pj, activators of
phosphofructokinase. In anoxic hearts, glycolytic rate is limited
by flux through the glyceraldehyde -3-P dehydrogenase reaction.
Activity of the enzyme is increased by the higher levels of the sub-
strates, glyceraldehyde-3-P and Pi, but restrained by higher tissue
concentrations of the product, NADH. NADH produced by glycolysis
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Table 1. Rate-controlling reactions in glycolysis

Reaction Effector Direction
of change

Glucose transport: extracellular insulin %ncrease
glucose —==—==—- intracellular anoxia increase
glucose pressure development 1increase
fatty acid decrease
Hexokinase: glucose + Mg ATP+ ATP, ADP, P increase
glucose—6-P + MgADP glucose-6-P decrease
Phosphofructokinase: fructose- acid pH Qecrease
6-P + MgATP - fructose-1,6 fructose—6-P increase
diP + MgADP ATP, citrate decrease
P;, AMP. ADP increase
fructose~1, 6-diP increase
Glyceraldehyde-3-P dehydro- NADH decrease
genase: glyceraldyhyde-3-P 1,3~-diP~glycerate decrease
+ NAD" + Pj~——————= 1¥3—diP
glycerate + NADH + H
Pyruvate dehydrogenase: pyruvate phosphorylation decrease
+ CoA + NADY -+ acetyl CoA acetyl CoA, NADH decrease

+ NADH + H* + C0;

must be oxidized either by transport of reducing equivalents

into the mitochondria via the malate-aspartate shuttle? or by
conversion of pyruvate to lactate. When glycolysis is increased,
production of NADH by glyceraldehyde~3-P dehydrogenase accelerates.
Oxidation of this extra NADH by either conversion of oxalocacetate

to malate or pyruvate to lactate requires increased levels of NADH
to accelerate these reactions. The level of NADH thus increases in
proportion to glycolytic rate and eventually reaches a concentration
that is inhibitory to glyceraldehyde-3-P dehydrogenase.l0 Although
ATP production via glycolysis may be increased 10-fold, inhibition
of oxidative phosphorylation leads to as much as a 90% inhibition

of overall ATP production. In association, contractile activity of
anoxic hearts is severely impaired, as are the enzymatic reactions
dependent upon the availability of ATP and other high-energy compounds.

In ischemic heart, energy depletion is complicated by accumu-
lation of metabolites, particularly lactate and hydrogen ions. Glyco-
lysis is inhibited, as compared to anoxic hearts. Rates of glucose
transport, hexokinase, and phosphofructokinase are sufficiently
rapid to provide saturating levels of substrate for glyceraldehyde-
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3-P dehydrogenase. Flux through this enzyme is reduced however, by a
fall in intracellular pH together with higher levels of NADH.1l The
pH optimum of glyceraldehyde—3-P dehydrogenase is above pH 8., 1In
ischemic muscle, the average intracellu%ar pH was about 6.8 as com-
pared to a pH of 7.0 in aerobic hearts. Accumulation of lactate
interferes with oxidation of NADH, causing the nucleotide to accumu-
late and glyceraldehyde~3-P dehydrogenase to be inhibited. These
observations emphasize the importance of the accumulation of metab-
olites in producing the biochemical defects in glycolytic regulation
found in ischemic hearts and indicate that low rates of flux through
glyceraldehyde-3-P dehydrogenase in ischemic hearts are due to higher
tissue levels of NADH and hydrogen ionms.

Metabolism of Free Fatty Acids in Ischemic Hearts

Plasma levels of free fatty acids (FFA) are frequently elevated
in the first 1 or 2 hours following a myocardial infarction and this
increase has been implicated in frequency of serious ventricular ar-—
rythmias.13 The free acid is the principal form that is utilized by
heart muscle (for reviewl#). The majority of serum FFA is bound to
albumin. The amount of acid that is free in solution is small and
is determined by the FFA/albumin molar ratio. The unbound pool of
FFA is in equilibrium with a tissue pool of FFA (Fig. 1). The nature
of the tissue pool is unknown, but it may be composed of FFA in the
cytoplasm as well as FFA bound to intracellular membranes and soluble
proteins. The first step in the cellular metabolism of fatty acids
is their conversion to long-chain fatty acyl-CoA esters (FACoA). This
process, referred to as activation, is catalyzed by long-chain acyl-
CoA synthetases that are located on the outer mitochondrial membrane.
The tissue levels of fatty acid and ATP are normally well above the
Kp of the synthetases for these substrates. However, the concen-
tration of free CoA (CoASH) in the cytosol is unknown, due to the
fact that only 5-10% of total CoA is in the cytosol and is distributed
among fatty acyl-CoA, acetyl—-CoA and free CoA. The activity of the
synthetases is inhibited by the products of the reaction, fatty acyl-
CoA, AMP and PP;.

After fatty acyl-CoA is formed, the fatty acyl moiety undergoes
reactions which function to move the acyl group from the site of
activation on the outer mitochondrial membrane to the mitochondrial
matrix where it is oxidized. The first reaction is the transfer of
the acyl group from CoA to carnitine (Carn). The second reaction(s)
is transport of the acyl moiety across the inner mitochondrial mem—
brane. The transport of acyl-carnitine (FACarn) involves an exchange
reaction in which acyl-carnitine moves across the mitochondrial mem-
brane in exchange for carnitine. This appears to be a 1:1 exchange
which would mean that the content of carnitine on both sides of the
membrane would remain constant under physiological conditions. The
third reaction in this segment is the transfer of the acyl group
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from carnitine to matrix CoA, forming fatty acyl-CoA that can be
used for B-oxidation. Heart muscle has a high carnitine/CoA ratio
in the cytosol, about 175, which would favor transfer of acyl units
to carnitine, maintain low levels of fatty acyl-CoA in the cytosol,
and direct acyl units away from lipid synthesis toward oxidation.

ATP AMP + P €AD

FFA «——FFA FACoA Carn Carn FACoA

[ | FADH,

CoASH FACarn < FACarn CoASH

AcetylCamteAcetylCom NAD
NADH
Acetyl-CoA Carn: Corn Acetyl-
CoA

INNER MITO('ZA}EONGRIAL

CELL MEMBRANE MBRANE

Fig. 1. Pathway for fatty acid oxidation in heart muscle illustrating
intermediates that are elevated during ischemia in hearts per=
fused in the presence of fatty acid. This figure illustrates
the two transferase systems for acyl units, each located on
the inner and outer surfaces of the inner mitochondrial mem-
brane. It includes compartmentation of CoA in two non—ex-—
changeable pools (cytosolic and mitochondrial matrix);
carnitine translocase is shown on the inner mitochondrial
membrane between the two transferase systems. Metabolites
that increase in ischemic hearts are shown with dark letters
and are under-lined with a solid line; those that decrease
are shown with light letters and are underscored with a
broken line.

Following production of fatty acyl-CoA in the matrix, the next
major sequence of reactions involves the B-oxidation system. Four
separate enzymes are involved, and the overall reaction results in
conversion of a two-carbon unit of fatty acyl-CoA to acetyl-CoA along
with the reduction of NAD and FAD (1 mole each) to NADH and FADH).

In order for the rate of B-oxidation to be sustained, the reduced
nucleotides must be oxidized by electron transport, while acetyl-CoA
is oxidized by the citric acid cycle.

In heart muscle, acetyl-CoA produced by B-oxidation can be used .
at appreciable rates only for oxidation by the ‘citric acid cycle.
Flux through the citric acid cycle is geared to the rate of oxidative
phosphorylation through feedback control by changes in the levels of
high energy phosphates and NADH. The only alternative route for the
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disposal of mitochondrial acetyl-CoA is transfer of the acetyl unit
across the mitochondrial membrane to cytosolic carnitine where it is
stored as acetyl-carnitine and provides a buffer against large changes
in mitochondrial acetyl-CoA.

Under oxygen-deficient conditions such as ischemia or anoxia, the
amount of oxygen available to support oxidation by the citric acid
cycle is reduced (Figure 1). The levels of FADH, and NADH increase,
and B-oxidation becomes inhibited. Levels of acetyl-CoA fall while
the long-chain acyl derivatives of CoA and carnitine increase to very
high levels. Since 95% of the total CoA is mitochondrial, most of
the increase in acyl CoA must occur in this organelle. On the other
hand, 95% of the total carnitine is cytosolic and most of the acyl
carnitine must accumulate on the outside of the inner mitochondrial
membrane. The uptake and activation of fatty acid is reduced. High
levels of fatty acyl-CoA have been shown to inhibit the acyl-CoA
synthetasesls— and adenine nucleotide translocasel9720 ip a
specific manner, and many other enzymes in a non—sgecific way.21
Free fatty acids20 and long-chain acyl—carnitine,2 in addition to
having a detergent effect at high concentration, have been shown to
inhibit Na*-K* ATPase. Myocardial ischemia, therefore, in additiomn
to resulting in a reduced capacity for ATP synthesis results in
accumulation of compounds which are potentially detrimental to myo-
cardial function and metabolism.

The Lysosomal System and Protein Turnover in Ischemic Hearts

As noted in the introduction to this paper, there is bio~
chemical and morphological evidence of activation of the lysosomal
system in ischemic hearts. Release of lysosomal enzymes into the
cytoplasm or accelerated formation of autophagic vacuoles could lead
to damage of cellular constituents, including the plasma membrane,
sarcoplasmic reticulum and mitochondria, and lead to irreversible
injury. Proteins, nucleic acids and phospholipids could be attacked
by the appropriate hydrolases. At present, only the effects of
ischemia on protein turnover have been investigated in detail.

If protein synthesis were inhibited more markedly than proteo-
lysis in oxygen-deficient muscle, proteins with rapid rates of
turnover could be lost, and marked metabolic derangements would ensue.
Both s¥n5253is and degradation of protein are energy-dependent pro-
cesses’? but these processes are modified to varying degrees by
anoxia or ischemia.

In anoxic as compared to ischemic hearts, nitrogen balance was
more negative in the absence of insulin (Figure 2). Protein de-
gradation was more severely inhibited in ischemic than anoxic hearts,
both in the presence and absence of insulin. Factors that may ac-
count for the more profound inhibition of protein degradation in
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ischemic muscle include accumulation of lactate and hydrogen ions.’
In this regard, addition of a high concentration of lactate (50mM)
or a reduction in perfusate pH to 6.8 reduced proteolysis in aerobic
hearts by about 257. When both lactate was added and pH reduced,
proteolysis was inhibited about 507. These findings indicate that
inhibition of proteolysis in energy-poor muscle is due both to a
fall in high energy phosphate stores and to accumulation of metab-
olites.

- e —
CONTROL ANOXIC ISCHEMIC

-—PROTEIN DE

LIJ

Fig. 2. Effects of ischemia and anoxia on protein synthesis, protein
degradation and nitrogen balance. Protein degradation (plot-
ted downward from the zero line) was calculated by measuring
release of phenylalanine in the presence of cycloheximide -
nitrogen balance was measured by assessing phenylalanine re-
lease in the absence of cycloheximide (shown by the broken
lines and arrow heads). Protein synthesis was calculated by
subtracting nitrogen balance from protein degradation (plot-
ted upward from zero line; cross—hatched bars). Six hearts
were perfused in each group with buffer containing 15mM
glucose, normal plasma levels of 19 amino acids and 0.01lmM
phenylalanine. Insulin (25 mu/ml) was added as indicated.
Data represent the mean + S.E. %p<0.05 versus no insulin.

Changes in the size of lysosomes or in the total activity of
lysosomal enzymes have been found to accompany a number of physio-
logical and pathological modifications in the myocardium.27 An in-
crease in protein degradation in aerobic hearts perfused in the
absence of insulin was associated with a decrease in the latency of
cathepsin D.28 These changes were associated with an increase
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in the size of autophagic vacuoles within myocardial muscle cells.29
When insulin was present, rates of proteolysis were reduced by 50%,
and latency of lysosomal enzymes was increased.

Although accelerated rates of proteolysis was associated with de-
creased latency of lysosomal enzymes and appearance of autophagic
vacuoles in aerobic hearts, this correlation was lost in oxygen-
deficient tissue. As found in studies of liver lysosomes? activities
of cathepsin-D were higher in homogenates of anoxic and ischemic
hearts, even though the rate of protein degradation was inhibited.”
The effects of anoxia and ischemia on enzyme activity are thought to
reflect the greater fragility of autophagic vacuoles found within
ischemic hearts.® Although ultrastructural changes suggest that
tissue damage involved hydrolysis of cellular components by lysosomal
enzymes, proteolysis was not accelerated. The latter finding indi~-
cates that the energy requirement involves initial steps in the proteo-
lytic pathway and that anoxia and ischemia do not lead to accumulation
of the products of proteolysis, peptides and free amino acids, within
the heart.’»30 These findings indicate that protein breakdown is
inhibited in ischemic muscle, and that damage to this cellular com-
ponent is unlikely to account for irreversible injury.

Concluding Remarks

In concluding this description of metabolism in the ischemic
heart, an overview of the changes will be presented in an attempt to
suggest common features and possible mechanisms of damage. De-
creased coronary flow impairs oxygen delivery and removal of metabolic
products. As a result, ATP is converted to ADP and AMP. Loss of
total adenine nucleotide ensues, presumably due to hydrolysis of AMP
by 5'-nucleotidase. Decreased levels of ATP interfere with ion
pumping, Ca** sequestration, and many other energy-dependent reac-
tions. Reperfusion of ischemic hearts results in rapid resynthesis
of creatine phosphate, but ATP levels remain depressed. Irreversible
damage may result when ATP levels are too low to support critical
cellular functions such as contraction, volume control and substrate
activation. Metabolic intermediates in the pathways of glycolysis
and fatty acid oxidation accumulate and inhibit further flux of
substrate through these pathways. Inhibition of glycolysis impairs
even further the capacity for ATP generation, while accumulation of
fatty acyl-carnitine blocks the activity of Na* -K* ATPase and con~
tributes to the difficulty in regulation of cell volume. The de-
crease in intracellular pH probably accounts for the initial fall
in contractility through interference with the calcium cycle, and
contributes to the fall in glycolytic rate. In some, as yet unknown
manner, the lysosomal system is activated and may be involved in dis-
ruption of sarcolemmal, mitochondrial, and other membrane systems.
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This damage does not involve destruction of cellular proteins. The
fall in intracellular pH and accumulation of compounds with detergent
activity may enhance membrane damage. Future work could profitably
be focussed on determining the nature of the damage that results

from lysosomal activation and in identifying the link between energy-—
depletion and activation of this system.
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INTRODUCTION

When the calcium-antagonist agents were initially used by
Fleckenstein's group, it was found that beta-adrenoceptor agonists
opposed the specific action of high dose verapamil (107°M) in in-
hibiting myocardial contractility (Figure 3 and 7 in Fleckenstein,
1971). The restorative effect of isoproterenol was very similar to
that of an increased extracellular calcium (Figure 6 in Fleckenstein,
1971). Thus early thinking saw calcium-antagonists and beta-antag-
onists as having opposite effects on trans—sarcolemmal calcium flux.
Some even argued that the calcium-antagonists had beta-blocking
qualities, an argument that was laid to rest when it was found that
verapamil was unable to inhibit an isoproterenol-induced tachycardia
or inotropic response (Nayler et al, 1968). The explanation was that
verapamil could not prevent catecholamine-induced increases in the
tissue level of cyclic AMP nor the beta-mediated activation of adenyl
cyclase; rather, verapamil blocked the trans-sarcolemmal calcium
influx provoked in K* depolarized hearts by either catecholamines or
by an increased external calcium (Watanabe et al, 1974).

This paper reviews the properties of calcium antagonist agents
and evaluates a new hypothesis that trans—sarcolemmal calcium fluxes
may play a role .in provoking ventricular fibrillation (Thandroyen,
1982). This hypothesis is tested by examining the effects of calcium-
antagonists on an isolated rat heart model. Previous data have sug-
gested that beta—-adrenergic stimulation can decrease ventricular
fibrillation threshold in models of myocardial infarction (Lubbe et
al, 1978).
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Before evaluating this hypothesis, it is relevant to examine
current concepts of the cellular modes of action of the beta—adreno-
ceptor antagonists and calcium—antagonists.

CONTRASTING PROPERTIES OF BETA-ADRENOCEPTOR BLOCKERS
CALCIUM-ANTAGONISTS

Mode of action of beta—adrenoceptor antagonists

A beta—adrenoceptor antagonist is an agent that interacts with
the beta~receptor to provoke a characteristic series of events which
include, in the case of the myocardium, a positive chronotropic and
inotropic stimulation. Many of the effects of beta-stimulation are
thought to be mediated by cyclic AMP. Hence because beta-adrenoceptor
antagonists competitively interfere with the binding between the beta-
antagonist and its receptor, beta-antagonists should decrease the
tissue cyclic AMP response to beta-antagonists.

Mode of action of calcium—antagonists

In contrast to this rather clear sequence of events, the defin-
ition of a calcium—antagonist is somewhat obscure. It is best to go
back to the original descriptions by Fleckenstein (Fleckenstein, 1971).
In his basic experiment, acute contractile failure of the guinea-pig
heart was produced by a large over—dose (1 mg/kg) of verapamil. There
was an abrupt rise in the venous pressure and fall in the arterial
pressure which was reversed by the injection of calcium chloride.

Thus the first property of the calcium—antagonist drugs is that they
selectively abolish '"the contractile response of the guinea-pig pap-
illary muscle in a low concentration without any significant change
in the single fiber action potentials". This effect is antagonized
by the calcium ions (Fleckenstein, 1971). Each molecule of verapamil
antagonizes approximately 200 calcium ions whereas in the case of
other antagonists such as the compound D-600 or nifedipine, 1 molecule
antagonizes up to several thousand calcium ions. The second quality
of the calcium-antagonists is that although they appear to affect the
action potential in no significant way, when voltage clamp studies
are undertaken, they can be shown to "block the transmembrane calcium
influx into the excited heart muscle fibers but do not affect the
simultaneous sodium movements which are connected with the action
potential" (Fleckenstein, 1971). This inhibitory effect of calcium
antagonists on the calcium slow inward current is also opposed by the
addition of excess external calcium.
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Properties of calcium channel

To control the vast difference in the concentration between
calcium in the extracellular fluid and the cytosol (a concentration
gradient of about 103) requires regulation of the calcium transmission
across the sarcolemma. There are several possible modes of calcium
entry. First, calcium can enter via the calcium channel or calcium
channels (which have not been characterized). The sodium channel has
been the subject of numerous models, including recent modifications
of the classical Hodgkin-Huxley concept of the three "m" activation
gates and the single "h" inactivation gate (Weld et al, 1982). Such
data and models are not available for the calcium channel although a
similar pattern of interaction is sometimes postulated.

Therefore, at the moment, the understanding of the calcium channel
is largely descriptive. Some of the properties of calcium channels
are:

1. They are "opened" by a voltage stimulus as the resting potential
depolarizes to about -40 mV (Noble, 1979).

2. They "close" as calcium influx ceases and potassium efflux is
enhanced (Bassingthwaighte et al, 1976).

3. They "open" in the presence of sodium and calcium ions externally
(Schneider et al, 1975).

4. They can be "opened" by beta-stimulation (Reuter, 1974; Reuter
& Scholtz, 1977). It is not sure in the case of the myocardium
whether these receptor-operated channels are the same as the
channels which respond to the influx of sodium ions. 1In the case
of vascular smooth muscle clear arguments have been made (Bolton,
1979; Towart, 1981; Van Breemen ¢t al, 1982) for the differen-
tiation between DOC (depolarization operated channels) and ROC
(receptor operated channels). In the case of the myocardium, K*-
depolarization inhibits the sodium channel so that an increased
voltage stimulation plus beta-stimulation may be required to "open"
the calcium channel (Schneider et al, 1975); hence the concept of
DOC's for the myocardium seem invalid.

5. The channels are "closed" or "blocked" by calcium—antagonist group
of drugs which include verapamil, nifedipine and diltiazem. It
is not clear whether these drugs have similar or different modes
of action on the calcium channel. It is also not clear whether
these drugs act predominantly on the outside of the sarcolemma,
as suggested in the case of verapamil (Langer et al, 1975); more
recent evidence proposes that verapamil is concentrated many-fold
within the heart (Lullman et al, 1979) cell and may act deeply
in the membrane or on the inner surface of the sarcolemma (Payet
et al, 1980).

This emphasis of the effects of calcium-antagonists on the trans-
sarcolemma should not obscure the growing evidence that there is also
an intracellular site of action, for example on calmodulin (Bostrdm
et al, 1981; Hidaka et al, 1979).



48 L. H. OPIE

Functionally different calcium channels

Not only is the nature of the calcium channel not clear, but
there are apparent differences between the calcium channels in various
tissues. Although an increased extracellular calcium concentration
antagonizes the effect of high~dose verapamil in depressing myocardial
contractility (Hamm et al, 1982), calcium has no such effect when it
comes to the inhibitory action of verapamil on the sinus node; in that
case externally added calcium does not "antagonize" verapamil but
rather leaves unchanged its effect in inhibition of conduction (Hari-
man et al, 1979). That difference provides a valuable practical ap-
proach to the problem of depressed myocardial function sometimes en-
countered when patients are given verapamil intravenously - injected
calcium salts should restore myocardial contractility without impairing
the therapeutic effect of verapamil on the atrioventricular node.

There is also very recent evidence that the calcium channel of
vascular smooth muscle is stimulated by alpha-2 antagonists such as
clonidine and inhibited by alpha-2 antagonists such as yohimbine
(Van Meel et al, 1981). Hence the postjunctional alpha-2 receptors
appear to be intimately linked to calcium transport in vascular
smooth muscle. No such data exist for the myocardium.

Thus, from the practical point of view, the calcium channels in
nodal tissue, in myocardial tissue and in vascular smooth muscle, all
appear to have somewhat different characteristics although they share
the property of being the site of action of the calcium-antagonist
agents.

CaZ+-ANTAGONISTS AND VENTRICULAR FIBRILLATION

We have proposed the hypothesis that calcium ions are involved
in the genesis of ventricular fibrillation (Thandroyen, 1982). The
first step in the evolution of the hypothesis was the recognition that
elevation of tissue cyclic AMP in ischemic tissue could be linked to
the onset of ventricular fibrillation (Lubbe et al, 1978; Opie et al,
1979; Opie et al, 1980). Calcium was seen as the further '"messenger"
of cyclic AMP (Opie et al, 1982). Recent data emphasize the role of
calcium rather than of cyclic AMP. We tested the hypothesis by examin-
ing whether the three first generation Cal*-antagonist agents (verap-
amil, nifedipine, diltiazem) could inhibit ventricular fibrillation
in the isolated rat heart model with coronary ligation (Thandoryen,
1982). All the agents were used in doses just below those causing
atrioventricular block, and all elevated the ventricular fibrillation
threshold of the isolated coronary ligated perfused rat heart. The
antifibrillatory effects of the Ca2*-antagonists were considerably
greater than those of df-propranolol (Opie et al, 1982). All the
Ca2+-antagonists tended to reduce cyclic AMP, although again not
to the same extent as high-dose df-propranolol. This "antifibrill-
atory" effect of the calcium—antagonist agents could be a non-specific
phenomenon, as in the case of df-propranolol (Lubbe et al, 1981).
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Thus the effect of verapamil (1.5 x 10™/M) is no more specific for the
Ca2*-antagonist than for any Nat-antagonist effects of verapamil, be-
cause the f#-isomer has a similar effect to the d-isomer. Hence, in

an isolated heart not subject to external catecholamine stimulation,
both sodium and calcium channels are involved in ventricular fibrill-
ation. Our recent data show that in conditions of adrenaline-stimu-
lation (adrenaline 5 x 10~/M) %~verapamil caused a marked fall in
fibrillation threshold whereas d-verapamil had virtually no effect.

In theory, the f-isomer inhibits the slow calcium channel (Bayer et
al, 1975) whereas the d-isomer inhibits the fast sodium channel
(Kohlhardt et al, 1978), hence the df-isomer has local anesthetic
properties (Bondi, 1978). Consequently, the inhibition of adrenaline-
mediated effects by f&-verapamil rather than by d-verapamil favours

the view that the calcium antagonist effects of verapamil are involved
in these conditions of stimulation by external catecholamine. These
data suggest that calcium ions are involved in the production of in-
creased sensitivity to stimulated ventricular fibrillation occurring
after the combination of coronary ligation and added beta-stimulation.

SUMMARY

The properties of calcium-channel antagonist agents are described.
Because these agents render the isolated heart less sensitive to ven-—
tricular fibrillation a role for calcium ions in the genesis of ven-
tricular fibrillation is proposed. The data obtained with verapamil
isomers in isolated hearts with coronary ligation suggest (i) a role
for both calcium and sodium ions in the fall of the fibrillation
threshold following coronary artery ligation, and (ii) a role only
for calcium ions when coronary ligation is combined with catecholamine
stimulation.
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INTRODUCTION

The progress of science and technology, the development of fun-
damental studies in cardiology during the last decade have opened
new frontiers for the exploration of mechanisms of cardiovascular
diseases. Today the major thrust in atherosclerosis research is
aimed at developing a molecular—cellular theory, which would explain
molecular and cellular processes that give rise to morphological and
clinical manifestations of the disease. The essence of the research
boils down to the integral assessment of factors in pathogenesis of
atherosclerosis. From the general to the particular and from the
particular to the general - that is the way of scientific research.
It is especially important to abide by this principle when studying
such complex diseases as atherosclerosis.

Complexity of the disease is mainly manifested by dislipopro-
teinemia. The mechanism of lipid metabolism disorders during the
atherosclerosis has been lately specified. In most cases the dis-—
orders proved to be localized in the system of transport, targeted
delivery and removal of cholesterol, its esters, and phospholipids.
Plasma lipoproteins play a key role in the system. Now it is be-
coming clear what defects lipoprotein synthesis, processing and
catabolism lead to dislipoproteinemia in man.

STRUCTURE OF LIPOPROTEIN AND ATHEROSCLEROSIS
In this field the main effort is concentrated on deciphering

the mechanism responsible for cholesterol and phospholipids donor-
acceptor functions of plasma lipoproteins. This direction seems to
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be promising for investigation of atherosclerosis since in the course
of epidemiological studies a negative correlation was found between
HDL cholesterol level and the incidence of ischemic heart disease in
men after 40 years of age.

On the other hand, the experiments on cell cultures and a per-
fused vessel demonstrated that HDL, particularly HDL4, are capable
of uptaking cholesterol from cellular membranes and the vessel
wall.l»2 The population of particles with HDL, density transports
cholesterol into the liver for excretion from the organism. It is
HDL, level that is reduced in THD patients. That is why we took
interest in the characteristics of chemical composition of HDL and
their main subfractions (HDL; and HDL3) in patients with documented
coronary atherosclerosis. (Figure 1).

It is assumed that the main acceptor characteristics of HDL are
determined by the phospholipid layer of lipoproteins. HDL phospho-
lipids of healthy subjects consist of 707 lecithin and 12% sphingo-
myelin, It was shown in model systems that a lecithin increase in
HDL enhances their cholesterol acceptor capability and vice versa.

These data served as a requisite for elucidation of the role of
HDL phospholipid composition in realization of their antiatherogenic
properties in patients suffering from coronary atherosclerosis.

Firstly, we were interested whether in patients with different
manifestation of coronary atherosclerosis: 1) lecithin/sphingomyelin
ratio of plasma HDL, and HDL, is changed, and if so, to what extent;
2) apo B/apo A ratio is changed at different lipoprotein spectrum,
assuming that cholesterol is transported into the vessel wall via
LDL and removed via HDL.

Two of these indices were studied in the plasma of patients with
different manifestations of coronary atherosclerosis by selective
angiography data. The area of total atherosclerotic lesion was cal-
culated in arbitrary units according to a special formula, which took
into account the extent of occlusion, localization and spread of the
lesion.

At normal lipoprotein spectrum the area of atherosclerotic
lesion in CHD patients is smaller than that at dyslipoproteinemia-
hyperlipoproteinemia or at a low HDL cholesterol level. Apo B/apo
Ay ratio in all CHD patients, even those with normal lipoprotein
spectrum, was higher than in the control group. The highest (Figure
2) values of such ratio were observed at low HDL cholesterol. We
assume that an increase of this ratio above one showed that choles-
terol inflow to the arterial wall exceeded its outflow. It was still
unclear what accounted for the reduction of cholesterol outflow from
the arterial wall; a decrease in number of HDL particles, alterations
of their characteristics, or both.
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Fig. 1. Schematic representation of metabolism of VLDL and HDL.
VLDL-very high density lipoprotein. HDL-high density
lipoprotein. LCAT-lecithincholestercolacyltransferase.

To elucidate the question phospholipid composition and molar
ratio of lecithin to sphingomyelin have been studied in HDL,; and
HDL3. This ratio to a considerable degree determines the fluidity
of surface monolayer and cholesterol-acceptor function of these
particles.

A decrease of lecithin/sphingomyelin ratio was observed both in
HDL, and HDL3 of patients with coronary atherosclerosis in comparison
with the control group. The greatest decrease was found in patients
with low HDL cholesterol (Figure 3).

These facts indirectly prove the assumption that relative leci-
thin content largely determines the fluidity and cholesterol-acceptor
function of HDL phospholipids. In our experiment a reduction of
lecithin/sphingomyelin ratio in HDL3 resulted in the decrease of
biolayer fluidity and ability to accept cholesterol from cellular
membranes or VLDL.

It is also quite probable that a possibility of LCAT (lecithin-
cholesterolacyltransferase)-mediated transformation into HDL, is
somewhat limited for HDL3 with a low lecithin level. Under normal
conditions this enzyme catalyzes cholesterol esters formation from
free lecithin and cholesterol. While esterifying, cholesterol moves
from biolayer into a hydrophobic "core". Lecithin is a substrate
for this reaction. The decrease of LCAT-reaction leads to a re-
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duction of cholesterol esters formation and thus decreases the for-
mation from HDLg particles of HDL, which transport cholesterol to
the liver for excretion.

Thus, the decrease of lecithin/sphingomyelin ratio in the
phospholipid monolayer of lipoproteins of this class in patients with
coronary atherosclerosis results both in lowering of the ability to
accept cholesterol from membranes and expel it from the body.

The data on the lecithin/sphingomyelin ratio in three groups
of particles, namely, VLDL, HDL, and HDL; are important with respect
to investigation of mechanisms of atherosclerosis. Cholesterol in-
flow to and outflow from the membranes and its excretion from the
organism are closely connected with cholesterol exchange between
these particles. It was found that lecithin/sphingomyelin ratio in
HDL, and HDL3 of the control group was higher than in very low density
lipoproteins. Naturally, that facilitates cholesterol inflow from
VIDL to HDL; and HDL in the control group of subjects. On the con-
trary, in patients with coronary atherosclerosis lecithin/sphingo-
myelin ratio did not exceed the values observed in VLDL. Naturally,
under these conditions adequate amounts of cholesterol are not trans-
ferred from VLDL to HDL3 and HDL,. Thus, it is accumulated in these
lipoproteins and together with them is transported into the vessel
wall in larger quantities (Figure 3).

To confirm this assumption cholesterol content was calculated
per a weight unit of apo B and apo A|. In the group of patients
with coronary atherosclerosis cholesterol share per a weight unit
of apo B in VLDL was increased in comparison with the control group
(Figure 4).

All these data indicate the decrease in cholesterol-acceptor
and cholesterol-transport functions of HDL during coronary athero-
sclerosis which, in our view, is a possible mechanism of a tissue
lipoidosis. We particularly stress the importance of changes in the
molecular organization of HDL surface monolayer for this process.
The obtained data lay the foundation not only for profound investi-
gation of molecular basis of atherosclerotic process but, taking
into account a possibility of changing antiatherosclerotic lipo—
protein properties by affecting its phospholipid monolayer, open
new prospects for the development of prevention techniques.

Along with lipoprotein structure the particles behavior in the
organism is conditioned by a whole hierarchy of factors, which mani-
fest themselves at different levels - from a single cell to the
whole organism.

Surely, dislipoproteinemia is the most important sign of
atherosclerosis. However, cells from different parts of the vascular
system react quite differently to this metabolic disorder. Segmented
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Fig. 4. Cho/apo-B ratio in plasma HDL and VLDL of control group
and CHD patients.

character of atherosclerotic lesions in arteries and existence of
"predilected sites" for plaque formation prove that the intrinsic
characteristics of the vessel wall are really important for lesion
development. This is why we think it equally important to study
along with lipoproteins the structural and functional characteristics
of vessel wall cells.

VESSEL WALL IN CULTURE AND ATHEROSCLEROSIS

At present most of the studies are concentrated on cellular
manifestations of atherosclerosis at early and late stages: func-
tional and morphological endothelial injuries, migration and pro-
liferation of intimal cells; dedifferentiation and redifferentiation
of medial smooth muscle cells; formation of foam cells and lipid-
laden cells; production of extracellular matrix components by the
endothelium and SMC. Cell-cell interactions are being intensively
studied: endothelial cells - SMC, blood born cells -~ intimal cells.
Special attention is paid to the adhesion of platelets and monocytes
(macrophages) in zones of endothelial damage. The latter event
plays a key role both in atherogenesis and thrombogenesis.

Cellular aspects of human atherosclerosis mostly remain obscure.
The bulk of information on the problem has been o6btained on the basis
of histological analysis of autopsy material which does not allow to
precisely evaluate cellular dynamics in atherosclerotic lesion zones.
Only recently the methods of cellular biology, specifically a tech-
nique of culturing human vascular cells open new possibilities for
the study of human atherosclerosis.

Nowadays cell culture may be figuratively called a "highway"
in the investigation of human atherosclerosis. Actually, so far
this is the only possible kind of experiment on man. It is of im-
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portance that for a certain period of time cells in primary culture
retain their intrinsic in situ properties.%s3 Main manifestations
of atherosclerosis at a cellular level (endothelial monolayer damage
and repair, SMS proliferation, lipoidosis, connective tissue matrix
formation) can be reproduced in culture; the same simple chemical
conditions make it possible to reproduce the early stages of thrombi
formation: adhesion, platelet spreading and formation of aggregates
and thrombi of platelets. Finally, the primary culture makes it
possible to study the effect of different drugs on cellular mani-
festations of human atherosclerosis.

Therefore, the experiments on cell cultures performed in our
Center are rather multipurpose.

The Center was the first to develop original techniques of ob-
taining endothelial and SMC cultures both from uninvolved and
atherosclerotic areas of human aorta. We obtained a significantly
high cell yield from tissue (50-907), while 907 of cells retained
viability and attached to the substrate. Thus, the cultures rather
adequately reflected the cellular composition of various parts of
human aorta.

Endothelial cells of human atherosclerotic aorta in primary
culture are heterogenous: 5-207 of the population are made up by
giant multinuclear cells. They have all signs of endothelial cells
(VIII factor of coagulation, Weibel-Palade bodies). Similar cells
were found on the luminal surface of the in situ human aorta by
scanning electron microscopy. In the vessel affected by atheroscler-
osis giant endothelial cells are mainly concentrated in the region
of fatty streaks and plaques. 40-507 of all the lesion area in
these zones is covered with such atypical monolayer (Figure 5).

That gave us reason to assume that giant endothelial cells are lesion
zone "markers" on the luminal surface. Morphological heterogeneity
of endothelium is most prominent in fatty streak and plague regions.
Therefore, the study of endothelial polymorphism in culture, specifi-
cally of the mechanism responsible for giant multinuclear cells for-
mation, seems to be a promising direction of research. It cannot be
ruled out that these cells are the "hot spots" of lipoprotein meta-
bolism~endocytosis, transendothelial tranmsport etc.

Primary cultures of human aortic intimal cells also proved to
be morphologically heterogenous. Four main types can be distin-
guished among them: 1) elongated, 2) polygonal, 3) asymmetric, and
4) stellate cells (Figure 6).

Judging by morphological criteria, cells of the in situ intimal
aortic layer too are heterogenous (Figure 7). To study the morpho-
logy of vascular cells in situ the vessel was prefixed with formal-
dehyde and placed into alcoholic-alkaline solution till complete
dissociation of collagen-elastic matrix. Thus, four morphologically
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Fig. 5. Scanning electron microscopy of human aortic endothelium
in situ. Vessel wall was silver stained and fixed under
phisiological pressure. The upper part- homogenous endo-
thelial surface of child aorta. The bottom part— the field
of heterogenous endothelial lining of adult aorta. (x220)

different types of cells have been identified: 1) elongated, 2)
elongated with side processes, 3) flattened cells of irregular shape
and, 4) stellate cells. We have not yet identified the cell types
found in culture with their prototypes in the vessel, but hope to

do so in the nearest future., However, we already have reasons to
think that polymorphism of intimal cells in culture at least in part
reflects the morphological heterogeneity of the intimal layer of
human aorta,

It stands to reason that the investigation of metabolic and
functional characteristics of cells in primary culture is a pre-
requisite for the understanding of the role of each cell type in
cellular manifestations of atherosclerosis. We have studied the
parameters that have bearing on atherosclerosis at the cellular
level: proliferation, lipoidosis and fibrosis.
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Fig. 6. Phase-contrast microscopy of primary aortic endothelial
and intimal cell culture. Upper section-confluent mono-
layer with giant multinuclear endothelial cells. Medium
section— primary intimal cell culture on the 7th day after
seeding, general view. Bottom section— four main morpho-
logical types of intimal cell in culture: polygonal,
stellate, asymmetric and elongated cells.

Intimal cells isolated from a normal region, fatty streak and
the plaque of one aorta differ as to their proliferative activity.
In cultures obtained from the zones of primary fatty infiltration
the thymidine index on average exceeded the normal value by 4-fold.
Cells from fatty streak divided more intensively as compared with
plaque cells (Figure 8). Our results contrast with the data obtained
on animals for we have not registrated intensive cell proliferation
in zones of advanced atherosclerotic lesions. The loci of prolifer-
ation are mainly associated with morphologically unchanged segments
of the vessel wall with minimal lipid infiltration.

A lot of cells isolated from atherosclerotic lesions retain in
culture their main morphological feature - the lipid inclusions.657
In appearance they resemble the so-called "foam" cells. It is
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Fig. 7. Human aortic cell polymorphism in situ. The upper section-
scanning electron microscopy of human aorta endothelial
lining with small, medium—sized, large and giant endo-
thelial cells., The medium section— population of intimal
cell, isolated from prefixed vessel by alcoholic—alkaline
dissociation, general view. The bottom section- four main
morphological types of intimal cells in situ: St-stellate
cells, El-elongated cells, ESP-elongated cells with side
processes, Ir-flatten cells of irregular shape.

assumed that a part of foam cells may be formed from the smooth
muscle cells of intima; another part of foam cells is formed of
macrophages. The reasons for such a transformation are still un-
known. We suppose that there are 2 possible ways of conversion into
a "foam" cell. Firstly, the accumulation of lipids inside the cell
may result from a dysfunction of intracellular lipid metabolism.
Secondly, it can be a consequence of the excessive uptake of LDL
circulating in the plasma. We have studied both possibilities.

Cells of normal and atherosclerotic aorta were compared as to
their ability to synthesize lipids. For this purpose, radioactive
acetate was added into culture. The newly synthesized lipids became
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Fig. 8. 3H-Thymidine incorporation into cultured intimal cells.
The proliferation response of intimal cells in primary
culture isolated from non-involved area and lesions.
Ordinate- thymidine index in culture on the 7th day of
cultivation. -- mean value for a set of measurement. On
the absciss-results with primary intimal cell culture, ob-
tained from normal, nonaffected region, fatty infiltration
area, fatty streak and plaque.

labeled; they were extracted, fractionated, and radioactivity was
measured in each fraction. It was shown that cells isolated from
atherosclerotic lesions include more label into the fraction of
phospholipids and cholesterol esters in comparison with the cells
isolated from uninvolved areas. In case of cholesterol esters
fraction the difference is nearly 10-fold. Since cholesterol esters
are the main class of lipids accumulated in the plaque, one can as-—
sume that accumulation of cholesterol esters results a shift in in-
tracellular metabolism towards enhanced synthesis of these lipids
(Figure 9).

Another possible way of accumulation of cholesterol esters in
aortic cells is the uptake of LDL circulating in blood, which con-
tain these lipids. We have studied LDL uptake by cells of normal
and atherosclerotic aorta, using fluorescence labeled lipoproteins.
Protein part of LDL molecule was covalently bound with rhodamine
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Fig. 9. Incorporation of 3H-Acetate into 1ipid fractions of cultured
intimal cells., Ordinate— mean value of radioactivity in-
corporation in per cent to control. Absciss-the main classes
of lipids. PHL-phospholipids, CH-cholesterol, CHE-choles-—
teryl esters, FFA-free fatty acids, TG-triglycerides. White
columns-cells of healthy regions, shaded columns-cells of
fatty streaks, black columns~cells of plaques.

isothiocyanate. Fluorescence was excited, measured and recorded in
a FASC-1I flow cytofluorimeter. We judged of LDL uptake into aortic
cells by the intensity of fluorescence. It was found that LDL up-
take by atherosclerotic plaque cells exceeds that of the cells from
uninvolved areas of the same vessel by 1.5-2-fold and by 4-fold in
terms of LDL uptake per a surface unit. It is of interest that endo-
cytotic activity of plaque cells also exceeds the normal values.
Phagocytic activity was evaluated by the uptake of RITC-labeled
E.coli bacteria. The number of bacteria internalized by a cell was
measured in the flow cytofluorimeter. We have found a direct cor-
relation between the effectiveness of LDL uptake by the plaque cells
and their phagocytic activity. We assume that plaque cells have a
higher level of specific and non-specific endocytosis.

It was demonstrated by cytofluorometry that the population of
plaque cells falls into two subpopulations differing in the effec-
tiveness of non—specific LDL uptake. Under the indicated conditions
subpopulation A uptakes LDL several times more effectively than sub-
population B. Cells of both populations were sorted out, and it was
found that they have considerable morphological differences. Cells
of subpopulation A, which effectively incorporate LDL via non-specific
endocytosis, have numerous lipid inclusions; many of them are typical
"foam" cells. At the same time, cells of subpopulation B have low
effectiveness of LDL uptake under these conditions and no lipid in-
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clusions. It can be assumed that lipid transformation of plaque
cells is, at least in part, a consequence of enhanced ability to up-
take LDL via non-specific pathway (Figure 10).

As is known, high density lipoproteins (HDL) can discharge cells
overloaded with lipid inclusions. We decided to find out whether
HDL can completely discharge a human intimal cells of 1lipid in-
clusions. HDL were added into primary intimal cell culture, and in
24h the number of cells with inclusions was measured. Cultures not
treated with HDL served as a control. In cultures isolated from
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Fig. 10. Features of fluorescently-labeled LDL interaction with
human aortic intimal cells in the primary culture. Scat-
tering diagram, obtained with fluorescence activated cell
sorter FACS-II is presented on the upper part of this
figure. Ordinate-the level of fluorescence of single cells
in arbitrary units, Absciss-light scatter, Left population
of normal intimal cell from noninvolved part of aorta. The
level of fluorescence is proportional to the average size
of cells., Right-population of intimal cells from plaque.
It is seen that plaque cells has a higher level of fluor-
escence. Bottom left: scattering diagram for intimal
aortic cells from the plaque, incubated with RITC-LDL plus
excess of non-labeled LDL. A-population with nonregulated
high rate of RITC-LDL uptake. The top right part-phase-
contrast microscopy of A-population of intimal cell sorted
out and seeded on the plastic. B-population of intimal
cell with down LDL control of RITC-LDL uptake. These cells
were presented under phase microscopy to the right under A.
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early atherosclerotic lesions HDL can decrease the number of cells
with lipid inclusions by 1.5-2-fold. HDL did not have such an effect
on cultures obtained from the plaque. Thus, the intimal cells of
human plaque have the following metabolic characteristics: 1) they
poorly proliferate in culture; 2) contain a lot of cholesterol esters;
and 3) their intracellular lipid metabolism is shifted towards ac-
cumulation of cholesterol esters. The intimal cells isolated from
fatty streaks and primary fatty infiltration have different charac-
teristics: 1) they can actively proliferate in culture; 2) homogenous
with respect to the ability to uptake LDL; 3) HDL can completely free
these cells from lipid inclusions.

The differences found in the characteristics of cells localized
in the plaque and fatty streak may help to explain the mosaic pattern
of atherosclerotic lesion development in human aorta.

PLATELETS AND ATHEROSCLEROSIS

Along with lipoproteins, circulating in blood, platelets can
also play an important role in lipid infiltration of the vessel wall.
The mechanism of platelet participation in the plaque formation in
case of primary endothelial injury and following thrombus formation
is commonly known. In the experiments on animals platelet growth
factor, which stimulates the proliferation of smooth muscle in the
injury zone, has been found. It was also shown that lipid metabolism
and LDL incorporation into the wall is activated in the zone of endo-
thelial repair.

Now, the plurality of platelet functions in the regulation of
lipid metabolism in the vessel wall becomes more and more evident.?

Thus, it was found in the in vivo experiments that platelets
exhibit specific reversible LDL binding and, when activated, can
chemically modify LDL apoprotein in such a way that specific endo-
cytosis of the particles by macrophages is stimulated. So, in zones
of endothelial injury the inflow of LDL into the wall can be acceler-
ated due to the directed LDL transport by platelets and via the stimu-
lation of specific endocytosis. The interaction of LDL with vessel
wall cells and platelets in situ is more complex.

As is known, LDL of hypercholesterolemic animals increase
platelet "sensitivity" to aggregation inducers and have an expressed
cytotoxic effect on endothelial cells in culture. The initial phases
of endothelial cell injury are accompanied by the loss of athrombo-
geneity and an increase of platelet adhesion to the endothelium.

Such platelets can locally bind and modify LDL on the endothelial
surface and stimulate lipid accumulation via specific uptake.9

It is common knowledge that non-damaged endothelial sheet
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in situ and in culture serves as a barrier limiting the inflow of LDL.
Vast de-endothelialization (denudation) of the vessel results in
sharp stimulation of LDL accumulation by the wall. Unregulated ac-
cumulation of LDL takes place in the de-endothelialized zone.

It was demonstrated in our experiments with a perfused artery
that HDL partially inhibited the uptake of LDL in the undamaged vessel
wall area, but did not change LDL uptake in the denuded zone. One
can conclude from these experiments that an integrate sheet of endo-
thelial cells is the site of "antiatherogenic" HDL action (Figure 11).

Finally I would like to say a few words about our attempts at
correcting the manifestations of atherosclerosis at a cellular and
molecular level. We have seen that morphological features, metabolic
characteristics and main functions of cells of normal and athero-
sclerotic aorta are retained in primary culture. Cells in culture
are polymorphic like cells in vivo. The cells isolated from the
zones of early atherosclerotic lesions have enhanced proliferative
activity as compared with "normal" cells. Metabolism of lipids and
lipoproteins in plaque cells is shifted toward accumulation of chol-
esterol esters. These facts make it possible for us to regard the
primary cell culture as a suitable experimental model to testify some
antiatherogenic drugs.

Intimal cells in primary culture of atherosclerotic aorta were
treated with dibutiryl cAMP to decrease their proliferative activity
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+ LDL (1:100) - 63%
+ HOL (1:100) 3%
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without LOL and HDL - 304% g
+ LDL (1:100) - 288%
+ HDL (1:100) - 275%

Fig. 11, Effect of HDL on LDL uptake into intact and deendothelial-
ized rabbit aorta. HDL regulates LDL uptake into non-
damaged but not into deendothelialized area of rabbit
aorta. Scanning electron microscopy of normal endothelial
surface (left picture) and denuded surface (right).
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and the level of cholesterol esters. As is known, cAMP inhibits
proliferation of many cells. Besides, this intracellular regulator
activates lipolysis and controls other pathways of lipid metabolism.
In our cultures dibutiryl cAMP significantly decreased the incorpor-
ation of thymidine into the cells of both normal and atherosclerotic
aorta (Figure 12).

The incubation with dibutiryl cAMP resulted in a reduction of
cholesterol esters level in cells isolated from the lesions of all
types, but did not change their content in the cells obtained from
the uninvolved intima. Thus, dibutiryl cAMP can be regarded as an
agent of double effect, which normalizes at least two cellular dys-
functions: enhanced proliferative activity and high level of chol-
esterol esters.
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Fig. 12. Effect of dibutyryl cyclicAMP on 3H—thymidine incorporation
and cholesteryl ester content in cultured intimal cells.
White column-~cells of normal region, lesions in standard
media. Black column—-the same cells with db-c AMP.
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Finally, I would like to emphasize the close links between the
fundamental studies of atherosclerosis carried out in the USSR
Cardiology Research Center and the needs of practical medicine, and
primarily of cardiology.

Thus, the studies of three-dimensional spatial HDL organization
are aimed at investigation of the defects in the structure and packing
of particles in various types of hypercholesterolemia and in CHD
patients. This can lead to the engineering of artificial HDL~-like
particles with "improved" antiatherogenic characteristics.

The plurality of platelet functions in the control of athero-
genesis and thrombi formation makes us regard the platelet as the
key target for directed pharmacological action. In the light of the
data we have obtained, it is of special interest to find out the
mechanisms of LDL transportation and modification in the zone of
thrombi formation. We assume that platelets stuffed with antithrom-
bogenic and antiatherogenic drugs can be used as a container targeted
to the zone of the vessel wall damage.

Our studies on primary cultures of normal and atherosclerotic
human arteries have shown that polymorphism, functional and metabolic
heterogeneity of endothelial and intimal cells are the prerequisites
for emergence of atherogenesis. It is remarkable that cellular mani-
festations of atherosclerosis (lipid infiltration of cells, prolifer-
ation) can be corrected using a number of pharmacological prep-
arations. These preliminary data make it possible to hope that the
primary culture of cells of atherosclerotic vessels may be useful
for the screening of drugs with pronounced antiatherogenic effect.
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CORONARY ARTERY DISEASE IN CHILDREN
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Because coronary disease is such a prevalent condition and is
responsible for such a large number of fatalities, it is usually
associated with age. However, recent documented evidence of the
existence of coronary heart disease in the young, indicates that
youth does not rule out the possibility of this condition. Even
myocardial infarction and/or sudden death, which are the culmination
of coronary arteriosclerosis, are encountered in the young.

The natural history of the development of coronary heart
disease can be divided into three stages: (1) an incubation period
(ab ova), which may start in foetal life and continue into infancy,
childhood, and adolescence; (2) a latent period, which is asympto-
matic but in which pathological changes can already be present in
young age; and (3) a clinical period, in which signs and symptoms
first appear.

Autopsy examinations of young adults who died of noncardiac
causes (mostly of injuries sustained in war) first drew attention
to the presence of atherosclerosis in young adults, a process which
must have started in childhood. These findings triggered research
which resulted in the description of several histologic coronary
arterial changes in infancy and childhood which were directly corre-
lated with the extent of coronary atherosclerosis in adultsl=7., 1In
addition some of the risk factors associated with coronary athero-
sclerosis such as hygertension and hypercholesterolemia, may be
present in childhood8,9,

In addition to the factors which affect large groups of the
population, various relatively rare pediatric diseases are associated
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with advanced coronary atherosclerosis or other types of coronary
narrowing in infancy. Among these are progerial®; congenital heart
diseases causing elevated pressure in the ascending aorta and cor-
onary hypertensionlls12; and inherited disorders of metabolisml3-17,

On the basis of the data collected on these subjects it is now
widely accepted that coronary atherosclerosis is a problem starting
in childhood, mainly in its pathogenic and preventive aspects, and
rarely also in its clinical presentation. The unusual finding of
myocardial infarction in infancy and childhood may also result from
many other systemic diseases and exogenous factors not associated
with atherosclerosis or other forms of gradual narrowing of the
arterial lumen.

Histologic Changes in the Coronary Arterial
Wall in Infancy and Childhood

The coronary arterial walls undergo continuous changes through-
out infancy and childhood. Since these changes have been proven to
be related to atherosclerosis, only coronary arteries of foetuses
may be considered completely normal. On this assumption a histo-
logic study of coronary arteries of foetuses up to the age of 34
weeks was undertaken.

The normal foetal coronary arterial wall consists of (1) the
intima, a single layer of endothelial cells; (2) the internal elastic
membrane which consists of homogeneous elastic material surrounding
the intima as a continuous tube with longitudinal corrugations;

(3) the media, a few layers of smooth muscle cells and some elastic
fibers; and (4) the adventitia, an external layer of loose connective
tissue. The effect of risk factors influencing the foetal circu-
lation was demonstrated~®.

After the 34 week gestation, the structure of the coronary
arterial wall becomes more complex. A musculoelastic layer develops
between the media and the intima where foci of fibrous thickening
appear. The musculoelastic layer is formed by a series of degener-
ative and proliferative processes, mainly splitting of the internal
elastic membrane, proliferation of smooth muscle cell within the
split areas, and increase in the amount of the elastic fibers within
the medial9, The intimal changes include formation of intimal
cushions composed of fibroblasts, elastic fibers and droplets of
acid mucopolysaccharides.

In studies from our Institute, as well as from other centers,
it was demonstrated that the extent of the intimal and medial
changes is greater in males than in females. This sex difference
was more prominent in population groups with a hi§h Brevalence and
incidence of coronary heart disease in adult life »19,
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The musculoelastic layer and the intimal thickening were promi-
nent in ethnic groups with a high incidence of coronary artery
disease such as Ashkenazy Jews, the population of the eastern part
of Finland>, and American Caucasians and Blacks20,;21. On the other
hand, the changes were minimal or absent in ethnic groups with a
low prevalence and incidence of coronary heart disease such as
Yemenite Jews, Bedouins from Negev Israel’/, the population of the
western part of Finland> and Haitian Blacks20, These findings
suggest that the coronary arterial morphologic changes in infancy
and childhood underlie coronary atherosclerosis in adults. This
would indicate that a genetic factor may be responsible for the
structure of the coronary arteries we are born with, and partially
responsible for the development of coronary atherosclerosis.

The combined results of these findings suggest that the presence
of coronary atherosclerosis in adults is closely associated with the
coronary arterial morphologic changes in infancy and childhood. 1In
view of this, the presence of a genetic factor responsible for the
structure of the coronary arteries we are born with is certainly
indicated, and is also perhaps partially responsible for coronary
atherosclerotic development in later life. The genetic disposition
is probably combined with environmental factors.

Risk Factors for Coronary Atherosclerosis in Infancy and Childhood

Hyperlipidemia. Elevated levels of serum cholesterol are
associated with an increased risk of coronary disease. However,
only one type of hyperlipidemia associated with premature coronary
heart disease presents a major risk factor in early childhood; this
is hypercholesterolemia with xanthomatosis Fredrickson's type II,
which is a genetically determined dominant trait with an incidence
of 0.5-27. 1t was shown that young people with hypercholesterolemia
are more than 30 times susceptible to premature myocardial infarction
than normocholesteremics of the same age group. Moreover, it has
been shown that most young males sustaining myocardial infarction
had hypercholesterolemia in youth. Although patients in the homo-
zygote state are mainly affected, the heterozygote state is associ-
ated with increased incidence of coronary heart disease in patients
over 30 yearszz.

It is today an accepted policy in most medical centers that if
a child from a high risk family has two elevated serum cholesterol
measurements, lipoprotein fractions are measured to determine the
distribution of total cholesterol among the lipid fractions. This
information may be useful as more is learned about factors affecting
cholesterol distribution among the lipoprotein fractions. Marked
changes in the concentration of serum lipids and lipoproteins occur
during the first year of life; a dramatic increase of serum total
cholesterol, LDL and HDL begins around puberty; children tend to
have higher HDL than do adults.
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Recent epidemiologic investigations indicate that high levels
of high density lipoprotein (HDL) cholesterol act as a protective
factor against coronary artery disease and, conversely, that persons
with subnormal levels of HDL cholesterol have a significantly in-
creased risk of having arteriosclerosis.

It is premature to give prognostic significance to elevated HDL
cholesterol levels in children: for the present, attention should
be directed toward total serum cholesterol level and LDL cholesterol8.
Mean HDL-C tends to be high at the areas with high mean total choles~
terol, even in childhood. The mean HDL-C level could thus be a
response of the metabolism to the total level, so as to assume a
satisfactory HDL total level. We do know, however, that the latter
varies greatly within adult populations and is inversely and strongly
related to coronary risk. The relationship between dietary choles-
terol and serum cholesterol is further complicated by genetic charac~
teristics.

In spite of detailed descriptions in the literature and the
fact that they are the most common known genetic diseases affecting
man, the inherited hyperlipoproteinemias comprise only a small per-
centage of cases of hypercholesterolemia. The majority of hyper-
cholesterolemic individuals are affected by environmental influences,
dietary cholesterol intake has gained magor attention and interest
because it can potentially be controlled »23-29,

Hypertension. Hypertension has been established as a major
risk factor for coronary atherosclerosis in adults22, It alone has
been proven to produce atherosclerosis even in the absence of other
risk factors3l, The direct effect of hypertension on the coronary
arteries was demonstrated by the finding of obliterative intimal
hyperplasmia and medial thickening revealed by light microscopy
studies performed in our Institute, and by others in patients with
coarctation of the aorta or supraventricular aortic stenosis in
experimental coarctation in a subhuman primate model32,

In a recent electron microscopic study of coronary micro-
circulation in patients with coarctation of the aorta in our Insti-
tute33, morphologic changes were also found in the small arterioles.
These changes were more severe and widespread in young adults than
in children and were directly related to age. A possible mechanism
in which hypertension aggravates atherosclerosis is the stretching
of the arterial wall, which increases its permeability to choles—
terol and lipoproteins.

In recent years primary hypertension in children has been
recognized as a public health problem34. Better recognition of the
extent of the problem was achieved by blood pressure measurements
in routine physical examination and better determination of the
effect of age on blood pressure35. The study by Graham et al.36
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and Londe's37740 studies demonstrated the importance of not using
the adult standards to define hypertension in children. The inci-
dence of persistent hypertension in children is now estimated to be
1-47%. Until recent years primary hypertension in children was con-
sidered unusual. Londe et al.37” 0, however, demonstrated that
essential hypertension was much more common than previously thought.
Various studies have shown that blood pressure is continuously
rising from infancy, with acceleration in adolescence. On the
other hand, a hypertensive child may become a normotensive adult in
35% of the cases. Multiple determinations should be performed
before a child be considered hypertensive. Hypertension was found
to be more frequent in siblings of hypertensive individuals than in
those of normotensive individuals.

On initial evaluation (single determinations), Heyden et al.3>
in the Evans County (Georgia) Study found that 11% of 435 adolescents
were hypertensive. Repeat evaluation carried out 7 years later on
30 of these 435 patients from the hypertensive group, revealed 11 to
have persistent high blood pressure, while 6 had some form of vas—
cular complication during their early adulthood, including two
deaths. This indicates that not only do these children face an
increased risk of CHD later in life, but they also suffer significant
early morbidity and mortality.

Tobacco Smoking. The Joint Report of the Study Group on Smoking
and Health in 1957 4% proved unequivocally that tobacco smoking is
a major contributing factor to the pathogenesis of atherosclerosis.
These findings were confirmed by epidemiologic studies which found
a direct relationship between smoking and coronary heart disease.
Further data on coronary arteriography studies proved a direct
relationship between the degree of ci%arette consumption and the
severity of coronary atherosclerosis42™47,

The incidence of hypertension and coronary heart disease is
highest and its onset earliest in those who began smoking at less
than 20 years of age. Because of this the increasing trend in
childhood smoking is particularly disturbing.

Inherited Disorders of Metabolism Associated with Coronary
Obstructive Lesions in Infancy and Childhood

Disorders of Lipid Metabolism. In Sandhof's diseasel’4 there
is a neural accumulation of GM3 ganglioside and neural visceral
accumulation of globoside due to deficient activity of hexosaminidase
A and B. Onset occurs in the first two months of life and the
clinical features include development retardation and cherry-red
macula. Two cases of Sandhof's disease with luminal narrowing of
the coronary arteries due to intimal proliferation of fibroblasts
have been reported14.
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In Fabry's diseasel3 ceramide trihexoside accumulates in the
walls of small blood vessels, due to a deficiency of ceramide tri=-
hexosidase. Coronary involvement is frequent and the clinical
features include anginal pain, cardiac enlargement, congestive
heart failure, and myocardial infarction. GMj gangliosidosis is a
condition in which galactosidase deficiency causes neural and vis-
ceral accumulation of GM; ganglioside. Cardiac lesions have been
found in about 307 of the cases, but coronary atheromatous plaques
containing balloon cells of foamy periodic-acid-Schniff-negative
cytoplasma were reported in only one casel-.

Amino Acid Metabolism, Mucopolysaccharidoses
Disorders of Protein Metabolism

Homocystinuria. Homocystinuria is a defect in serine and homo-
cystine metabolism, presenting clinically with ocular abnormalities,
long extremities, scoliosis, osteoporosis, mental retardation, and
thrombotic vascular disease, including coronary occlusionl?.

Alkaptonuria. In this condition homogentisic acid is accumu-
lated and excreted in the urine, due to a deficiency of homogentisic
oxidase. The clinical features include dark urine, pigmentation of
cartilage, arthritis, and mitral and aortic valvulitis. Blue-black
pigmented coronary atheromatous plaques cause myocardial infarction,
which is a common cause of death in this conditionl6.

Mucopolysaccharidoses. The coronary arteries are affected in
two of the six mucopolysaccharidoses in which the heart is involved,
namely Hurler's and Hunter's syndromes. The coronary arteries are
narrowed by plaques containing mucopolysaccharides. Such cells
also invade the myocardiuml3.

Protein Metabolism. In primary hyperoxaluria there 1s excessive
synthesis of oxalic acid with calcium oxalate accumulation in
various organs, including the coronary arteriesl3. Tangier disease
is an inborn error of metabolism characterized by deficiency of high
density lipoprotein in plasma and storage of cholesterol esters in
many tissues, including the heart. Patients with Tangier disease
and coronary heart disease due to coronary deposition of cholesterol
esters have been describedl3.

Congenital Heart Anomalies with Coronary Obstructive Lesions

Conditions associated with elevated pressure in the ascending
aorta and coronary arteries. Coarctation of the aorta and supra-
ventricular aortic stenosis cause elevated pressure in the ascending
aorta which affects the coronary arterieslls12, Light microscopy
studies in these patients revealed coronary luminal narrowing due
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to thickening of the media, proliferation of fibroblasts in the
intima, and degenerative and proliferative changes of elastic fibers.
The mortality rate from cardiovascular causes in patients undergoing
operative correction of coarctation of the aorta over the age of 35
years is ten times greater than the rate in patients between 15 and
34 years of age who were operated upon. This has been attributed

to the coronary arterial changes which develop with age®%.

In a recent electron microscopic study in our Institute33, age-~
related changes were found in the coronary microcirculation of
patients with coarctation of the aorta. These changes included
destruction of the normal wall of the small coronary arteries and
coronary arterioles with collagenous transformation. The pre~
capillary sphincters, metarterioles capillaries and venules were
normal.

Single coronary artery. Single coronary artery is a congenital
anomaly which may be isolated or associated with other congenital
cardiac lesions. The incidence of coronary atherosclerosis in this
anomaly is not increased, but the patients are more susceptible to
its consequences?.

Short main left coronary artery. It has been suggested that
patients with congenitally short main left coronary artery have an
increased incidence of atherosclerosis in the left coronary system4>,

Miscellaneous Conditions Associated with Coronary Obstructive
Lesions in Infancy and Childhood

Progeria. Hutchinson~-Gilford syndrome is a disease of extremely
accelerated aging, starting in infancy and developing throughout
childhood. The disease is characterized by thinning and atrophy of
the skin, loss of subcutaneous fat, growth failure, osteoporosis,
joint stiffness, and alopecia. Atherosclerosis begins in infancy
and presents clinically in the first decade of life as angina
pectoris, hypertension, congestive heart failure, and myocardial
infarction. The latter is rarely present in the first year of life,
but the basic disorder in the syndrome is dysplasia of mesenchymal
tissue of unknown etiologyl©.

Werner's syndrome. Werner's syndrome is a condition of pre-
mature aging with retardation of development, hair loss or greying,
hyperkeratosis of skin, cataracts, hypogonadism and osteoporosis.
Atherosclerosis and arterial thrombosis are frequent40.

Trisomy 18. A single case of trisomy 18 with arterial changes
including degeneration of the internal elastic membrane, thickening
of the intima by fibroblastic proliferation, and calcification of
the media has been reported47,
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Pseudoxanthoma elasticum. Pseudoxanthoma elasticum is an
autosomal recessive condition in which calcification and fragmen-
tation of elastic fibers occur in the eyes, skin and blood vessels,
including the coronary arteries. Cardiovascular manifestations
include anginal pain, congestive heart failure and hypertension 8,

Coronary Arteritis

Until recently the problem of coronary arteritis was limited
to isolated cases of infantile periarteritis nodosa. 1In the last
decade, however, increasing numbers of cases with Kawasaki's
disease (mucocutaneous lymph node syndrome)#5 have been reported,
mainly in Japan, but also in Europe and the United States. Kawa-
saki's disease is an acute febrile disease presenting in early
childhood with conjunctical congestion, indurative edema, erythema,
and desquamation of the palms and feet, strawberry tongue, dry red
fissured lips, and exanthema of the trunk. Electrocardiographic
changes and coronary periarteritis are frequent. In the chronic
stage coronary aneurysms and myocardial infarction occur in an as
yet undetermined number of the patients. The etiology of this
condition is unknown. Some of the patients had aorta coronary
bypass grafting. In most cases, however, the aneurysms disappear
after one year and the coronary arteries are thin, with isolated
obstructive lesions#9s
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CARDIOMYOPATHIES: PATHOLOGY AND INFECTIOUS IMMUNE MECHANISMS

E. G. J. Olsen

National Heart Hospital
Westmoreland Street
London W.1.

Much confusion of defining and classifying cardiomyopathies
has existed in the past. As a result of the work by the Task Force
set up by the World Health Organization and the International Society
and Federation of Cardiologyl, this has been clarified. Cardio-
myopathies are now defined as "heart muscle diseases of unknown
cause" and classified into three major types: dilated, hypertrophic
and restrictive. For each type characteristic morphologic features
exist.

Dilated cardiomyopathy

At necropsy all chaubers of the overweight hearts are usually
severely dilated, the endocardium is thickened, intercavitary throm-
bus frequent, and coronary irteries are normal?. Histologically,
normal arrangement of myocardial fibers is found and if dilatation
has been severe, disproportion of nuclear changes - which reflect
hypertrophy - and myocardial fibers which may show normal diameters,
reflecting dilatation, are seen3. Smooth muscle hypertrophy and
hyperplasia in the endocardium confirm dilatation. An increase in
interstitial fibrous tissue, limited to the inner rim of the myo-
cardial wall, may be present. The intramyocardial vessels are
usually normal.

Histochemical analysis undertaken on biopsy material obtained
by bioptome% show no distinctive patterns and merely reflect the
degree of hypertrophy and to some extent duration of heart failure.
Thus the various enzyme components may be increased, normal or
decreased.
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Ultrastructural changes are those of hypertrophy5 often with
degenerative changes, particularly in long standing cases®.

It has been argued that in view of the fact that no specific
morphologic features exist that diagnosis can only be established
with certainty at necropsy. This, of course, applies to every
disease affecting the human body but diagnosis of dilated cardio-
myopathy can be achieved during life clinically, aided by non-
invasive techniques. Cardiac and extra-cardiac causes can be ex-—
cluded with certainty in a large number of cases. There is, how-
ever, a significant number of patients in whom invasive techniques
have to be undertaken, foremost among which is examination of endo-
myocardial tissue obtained by bioptome. By this means possible
involvement of the myocardium by myocarditis, sarcoidosis or infil-
trative diseases can be assessed’.

Hypertrophic cardiomyopathy

Despite the denial of the existence of this type of cardio-
myopathy as a distinct entity by some workers in the past, there is
abundant evidence of sufficient highly characteristic features,
not only clinically but also morphologically that hypertrophic
cardiomyopathy is a separate, recognizable entity®. Macroscopically,
asymmetric hypertrophy is often a striking characteristic feature.
Echocardiographically, it has been shown that if the ratio of the
ventricular septum to the posterior left ventricular free wall
exceeds 1.3, hypertrophic cardiomyopathy is likely to be presentg.
Subsequently it has been established that minor degrees of asymmetric
hypertrophy of the septum can be present in many other conditions
and histologic confirmation needs to be undertaken in such instances

Frequently however, if the ratio of the free ventricular wall
with the septum is calculated!l, the ratio exceeds 3 (even in the
severest form of other types of hypertrophy the ratio remains unity).
If such severe disproportion is found, then asymmetric hypertrophy
alone permits a diagnosis of hypertrophic cardiomyopathy to be
made. The bulging of the septum displaces the anterior papillary
muscle which contributes to the malfunction of the mitral valve
apparatus, resulting in mitral insufficiencyl2. An impression of
the anterior mitral valve leaflet may be found in the form of endo-
cardial thickening in the outflow tract of the left ventriclel3,

The coronary arteries, as in dilated cardiomyopathy, are usually
normal.

The characteristic histologic features include disarray of
extremely hypertrophied myocardial fibers, bizarre shaped nuclei,
often surrounded by a clear zone, the so-called perinuclear halo
and varying degrees of often cellular fibrous tissue. Several
years ago an index assessin§ semiquantitatively each of the histo-
logic features was devisedl%4 and if the value exceeds 50%, then
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hypertrophic cardiomyopathy is present. Disarray, its distribution
and severity has also been more recently undertakenl? confirming
and extending the findings previously reported!®.

Histochemical examination often shows severe accumulation of
glycogen which has diagnostic importance. Other enzyme systems
merely reflect severe hypertrophy14.

Ultrastructurally, disarray of myocardial fibrils is often
widespread and striking but is not diagnostically helpfu114. Further-
more, abnormal intercellular junctigons are also frequently found,
at one time considered pathognomic*®, but previously and subsequently
discounted8. Despite the overlap of ultrastructural changes with
"ordinary" hypertrophy it can be concluded that if the changes of
disorganization are widespread they characterize the condition and
act as an adjunct to histologic and macroscopic diagnosis. The
various histologic features considered in combination and the
accumulation of glycogen permit a firm diagnosis®.

Though previously the presence or absence of a systolic gradient
has been emphasized, it has subsequently been established that it
does not influence the natural history of the diseasel’, Similarly,
at morphologic levels it has previously been found that if obstruc-
tion had been present, the abnormal features were principally con-
centrated in the asymmetrically thickened septum. If no obstruction
was clinically present the same histologic and ultrastructural
changes were seen but were widely distributed focally throughout
the myocardiuml8. This distribution is, however, not always found19.

Restrictive cardiomyopathy

Two hitherto considered separate entities are included under
this heading, endomyocardial fibrosis, morphologically first des-
cribed by Davies20 and considered to be a disease limited to the
tropics and Ldffler's endocarditis Yarietalis fibroplastica
(Léffler's endomyocardial disease)2l considered to be confined to
temperate zones. It has however been shown that both conditions
belong to the same disease spectrumzz. In this condition, irre-
spective of geographical origin, left, right or both ventricles,
may be involved. The endocardium which is often several millimeters
thick, is the characteristic feature. Inflow and partly outflow
tract of the left ventricle, and the apex and the area beneath the
tricuspid valve in the right ventricle, are the typical sites, but
endocardial chan%es may be seen elsewhere in the ventricle as well
as in the atria23. Thrombus is frequently superimposed, forming
the obliterative "phase" of this disease.

Histologically, the endocardium is arranged in layers: super-
ficially, beneath the thrombus a zone of loose and dense connective
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tissue is present beneath which the so-called granulation tissue
layer is found. This consists of numerous dilated blood vessels,
embedded in loose connective tissue. Inflammatory cells including
occasionally eosinophils may be found. From this zone fine septae
extend into the underlying myocardiumza. Histochemical and ultra-
structural changes are those of hypertrophy.

By definition the etiology or etiologies for each of the types
of cardiomyopathy is unknown. Many suggestions have been made in
the past and these have been summarized previously23.

Increasing evidence is accumulating that infectious immune
mechanisms may be responsible for some types of cardiomyopathy.
These will now be discussed. Before the various studies that have
been undertaken are detailed, it is perhaps relevant to summarize
some general remarks regarding infectious immune mechanisms. An
immunological reaction is defined as a specific combination of
antigens with humoral antibody or sensitized cells. An immunologic
event can be defined as tissue damage resulting from the initiation
of immune reactions26. These reactions have been classified into
four major types: I immediate hypersensitivity, involving reaginic
antibody; II other cytotoxic effects of antibody; III dependence on
immune complexes and IV dependence on delayed cell-mediated immune
reaction??. Modification of this classification has been suggested

firstly immune disorders are rarely caused by a single mechanism
but involve interactions of several mechanisms and secondly it is
difficult to distinguish clearly between immunologic and inflam-
matory events, particularly in chronic disorders.

The possible infectious immune mechanisms or immune mechanisms
in the various types of cardiomyopathies will now be considered.

Dilated cardiomyopathy

By definition the etiology is unknown. The disease is often
heralded by an upper respiratory infection and increasing neutral-
izing antibody titres against Coxsackie Bj Echo and Herpes virus
have been found in patients with this type of cardiomyopathy28.
Significantly higher titres to B virus infections, particularly
with a history lasting less than one year have also been shown in
a significant number of patients when comgared with an equal number
of age and sex matched normal individuals 9. The linkage between
active viral infection and dilated cardiomyopathy is not yet well
established, though several clinical reports testify to such
relationship30. Heart-reactive antibodies have been demonstrated
correlating with the severity of symptoms and duration of disease3l.
Studies of cell mediated immunity have also been undertaken32 and
defective T suppressor cell function in dilated cardiomyopathy have
also been demonstrated33. In the patients investigated with high
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neutralizing antibody titres against Coxsackie virus29, endomyo-
cardial biopsies failed to show any evidence of present or past
myocarditis. The significance of the various reports is as yet
unclear but the possible pathogenetic mechanisms have been sum-
marized30. A significant number of patients show evidence of an
immune disturbance and react in an unusual manner to common virus
infection. The progressive illness, punctuated by recurrences, may
be due to immune mechanisms. Virus infection may trigger production
of antibodies directed at suppressor cells. These antibodies may
inactivate or possibly coat the T cell receptors in such a manner
that their normal regulatory role in modulating T cell function is
impaired. This may result in heightened B cell activity with pro-
duction of antibodies directed to self. Similarly T suppressor
cell dysfunction may also affect cell-mediated immunity. Further
work in these concepts is clearly indicated.

Hypertrophic cardiomyopathy

This type of cardiomyopathy has shown a human leukocyte antigen
(HLA) linkage. These antigens are closely associated with the gene
governing immune response (located on the sixth chromosome). It
has been shown that the differences between white and black races
exists (B12 and B5 antigens) and these patients were normotensive;
whereas Eatients without these antigens, sporadic cases, were hyper-—
tensive34.

Restrictive cardiomyopathy

The possible association of infection such as filariasis3? has
long been debated. Hypersensitivity response to streptococcal
infection39, abnormal immunologic reaction, and immunologic factors
have also been previously reported37s38. The suggestion that endo-
myocardial fibrosis and Loffler's endomyocardial disease belong to
the same disease spectrum, the origin of which can be traced back
to the presence of eosinophils has been suggested several years
ago39. More recently, it has been shown that eosinophils when
associated with endomyocardial disease demonstrate certain abnor-
malities; these consist of degranulation. It has furthermore been
shown that eosinophilia may result from a variety of infectious
( and non-infectious) causes and it has been demonstrated that the
binding capacity for complexed IgG and increased phagocytosis of
eosinophils exists, with unmasking of Fc receptors. Degranulation
occurs as a result of binding of IgG or C3b coated particles or
parasites#0, Electron microscopically it has been shown that the
granules are in appearance consistent with cationic proteins. These
proteins and possibly with combination of peroxidases result in the
changes that lead to endomyocardial disease.
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It can, therefore, be concluded that a variety of infectious
immune mechanisms may be operative in the various types of cardio-
myopathy but much work needs still to be undertaken, Examination
of fresh endomyocardial tissue obtained by bioptome4 has demon-
strated several important findings, for example in dilated cardio-
myopathy IgG is preferentially bound to myocardial tissue, whereas
if a virus infection had been the cause IgM is positive in many
patients using direct fluorescent techniques3l. The value of endo-
myocardial biopsies, particularly in cardiomyopathies is without
doubt4l. 1In patients with unsuspected myocarditis evidence is now
accumulating that sequential biopsies of patients under treatment
helps to monitor therapy42. This invasive form of investigation is
also contributing greatly in elucidating pathogenic mechanisms of
cardiomyopathy.
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TREATMENT OF CARDIOMYOPATHIES

J. F. Goodwin

Royal Postgraduate Medical School
Du Cane Road
London W12 OHS

In order to advise rational treatment it is necessary to define
and to classify the conditions known as cardiomyopathies. Cardio-
myopathies are defined as "Heart Muscle Diseases of Unknown Gause§"
to distinguish them from myocardial diseases due to disorders of
other systems; the '"Specific Heart Muscle Diseases'". This lecture
is concerned with the treatment of cardiomyopathies so defined.

Cardiomyopathies are classified into three main types according
to their disorders of structure and function:

1. Hypertrophic; with and without systolic pressure gradients.
2. Dilated (congestive).

3. Restrictive/Obliterative.

(Goodwin and Oakley 1972; Goodwin 1974; 1979; 1981).

The report of the WHO/ISFC Task Force 1980 has confirmed this
earlier classification with only very minor modifications.

Hypertrophic Cardiomyopathy

This condition is characterized by massive hypertrophy of the
ventricular septum and free wall of the left ventricle and sometimes
of the right ventricle also. The systolic volume of the left ven-—
tricle is reduced; contraction is powerful, rapid and incoordinated.
Ejection fractions are in the region of 90%. The shape of the left
ventricle is grossly distorted. Diastolic function is seriously
impaired in a very complex way resulting in abnormal resistance to
filling and relaxation. The condition is familial; death is sudden
and unexpected in 507 of the patients, some families having a very
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high incidence of sudden death (Malignant Hypertrophic Cardiomy-
opathy) (Maron et al., 19783).

Treatment

Treatment aims at preventing sudden death, at improving hemo-
dynamics, at reducing symptoms and at limiting progression of the
disease.

Sudden Death

Sudden death is most likely to be due to arrhythmia (Goodwin
and Krikler, 1976) for there is a significant relation between
sudden death and ventricular tachycardia (McKenna et al., 19813:P°;
Goodwin and Krikler, 1976), but other factors such as impediment
to filling of the left ventricle and acute reduction in ventricular
volume also play a part. There is no relation between sudden death
and the presence or severity of systolic gradient.

Prevention of sudden death centers mainly around effective
antiarrhythmic therapy. Neither beta adrenergic blocking agents nor
calcium blocking agents have been shown by our group to reduce the
incidence of arrhythmias (McKenna et al., 1980; McKenna et al.,
1981b). Episodes of ventricular tachycardia detected by ambulatory
monitoring correlate inversely with prognosis. Amiodarone which
prolongs the action potential and increases the refractory period
has been shown to be effective in reducing the number and frequency
of ectopic rhythms and of ventricular tachycardia (McKenna et al.,
1981°).

All patients with hypertrophic cardiomyopathy should have
ambulatory ECG monitoring. If there are episodes of repeated multi-
focal ventricular premature contractions or runs of ventricular
tachycardia then Amiodarone should be started. The dosage should
be 200 mg three times daily for one week, then 200 mg twice daily;
the dose may be further reduced later, if necessary by discontinuing
the drug on one or two days of the week. There is a latent period
of one to two weeks before the drug begins to act. Since Amiodarone
affects thyroid function and can produce both hypo and hyperthyroid-
ism, thyroid function tests should be performed before and during
treatment. The effects of calcium-blocking agents may be potentiated
by Amiodarone and thus Amiodarone and Verapamil should not be used
together. The effects of digitalis and anticoagulants are also
potentiated by Amiodarone. The action of Amiodarone persists for
many months after the drug has been stopped in patients who have
been taking it for long periods.
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Complications of Amiodarone

Unfortunately, Amiodarone has a number of side effects. These
include peripheral neuropathy, photosensitivity, headache, nausea,
vertigo, but are usually mild and reversible. Vomiting may occur
during the initial phase of treatment with the loading dose. Micro
deposits on the cornea are regularly seen by slit lamp examination.
They do not affect visual acuity though may impart a faint bluish
tinge to the vision. Regular ophthalmic examination is important
however. Amiodarone is rarely contraindicated in hypertrophic
cardiomyopathy, but care should be taken to exclude patients with
atrioventricular block or troublesome bradycardia unless a pace-
maker has previously been inserted. Pulmonary fibrosis is a rare
complication of Amiodarone treatment and usually reversible when
the drug is stopped.

Measures to Prevent Sudden Death from Mechanical Causes

Attempts to prevent sudden death from resistance to ventricular
filling center around measures to improve compliance, reduce resis—
tance to filling and aid relaxation. Events which reduce ventricular
volume add to the possibility of sudden death, and thus hypotension
and hypovolemia should be avoided.

The effects of beta adrenergic blocking agents on ventricular
filling and compliance are variable. In acute studies both Practolol
(Webb Peploe et al., 1971) and Propranolol (Swanton et al., 1977)
reduce diastolic filling pressure and increase diastolic volume.

The effect of chronic oral treatment with beta adrenergic blocking
agents is less consistent, but in most patients the active suction
period of diastole (between the opening of the mitral valve and O
point of the impulse cardiogram) when most of ventricular filling
occurs is significantly prolonged. Filling of the left ventricle
at the moment when left ventricular pressures are still falling is
increased. This indicates improvement in relaxation, an effect that
is independent of heart rate (Alvares, 1980). In theory, by these
effects, and by slowing of heart rate, especially on effort, and by
allowing more time for ventricular filling, beta blockade should
help to reduce the risk of sudden death. Unfortunately, the avail-
able data apart from the series of Frank et al. 1978 who used very
large doses of Propranolol, do not indicate that this is so.

Although Verapamil has been reported to improve diastolic
function there is, as yet, no evidence of prolonation of life;
indeed, Verapamil may shorten life because sudden death has occurred
after starting Verapamil and pulmonary edema has been documented,
both in our own experience and in that of Rosing et al. 1981.
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However, it is encouraging that Nifedipine has been shown to
improve diastolic compliance in acute studies (Lorell et al., 1982)
though a disadvantage of Nifedipine would be its vasodilator effect
which might reduce ventricular volume and so predispose to elimin-
ation of the cavity and arrest of blood flow.

There is no definite evidence that surgical treatment prevents
sudden death, by an effect on ventricular function, except possibly
by reduction in systolic pressure gradients and improvement in ven-
tricular volume.

Treatment to Improve Hemodynamics

Hypertrophic cardiomyopathy is essentially a disease of impaired
ventricular diastolic function: diastole is grossly disorganized
(Alvares, 1980), relaxation and the rate of filling are impaired,
both regionally and globally (Sanderson et al., 1978; Goodwin, 1982)..
The massive ventricular hypertrophy, the reduced ventricular volume
in systole and powerful contraction of the ventricle which expels
all the contents in the first half of systole combine with the
abnormalities of filling to offer serious impediment to effective
left ventricular function. It is the powerful contraction of the
massive left ventricular muscle that brings about apposition of the
septum to the mitral valve apparatus and causes pressure gradients
to develop in systole. Reduction of ventricular volume by impaired
inflow and by reduced afterload both contribute to the elimination
of the ventricular cavity. True obstruction does not occur (Criley
et al., 1965; Goodwin, 1979; Murgo et al., 1980).

Systolic pressure gradients can be modified by beta blockade
given acutely but there is no evidence that chronic beta blocking
treatment is beneficial in this way. Verapamil has been reported
to reduce pressure gradients (Rosing et al., 19792). Reduction in
the force of ventricular contraction may help to reduce cavity
elimination but the most important area of impaired hemodynamics is
diastole, and it is in this phase of the cycle that beta blocking
agents exert their most important action. Chronic beta adrenergic
blockade usually prolongs the active suction phase of diastole and
improves relaxation independent of heart failure, the negative
chronotropic effects of beta blocking agents is important also, as
the bradycardia allows more time for filling of the ventricles.

Nifedipine improves diastolic filling acutely (Lorell, 1982)
but may be disadvantageous chronically by reducing ventricular
volume by vaso-dilatation and reduction of afterload.

Verapamil may improve diastolic function without vaso-dilatation.
In my department the effect of Verapamil on systolic function has
been studied in 18 patients with hypertrophic cardiomyopathy by




TREATMENT OF CARDIOMYOPATHIES 95

systolic time intervals. Verapamil was found to have negative
inotropic effects when left ventricular systolic function was normal
before treatment, but to have peripheral vaso—dilator effects when
left ventricular function was impaired before treatment. Two
patients in the study developed pulmonary edema (Herr, K. to be
published).

The effect of Amiodarone on hemodynamics has not yet been fully
worked out. Its beta blocking action may be of some value.

Surgical treatment reduces or abolishes gradients and reduces
left ventricular end diastolic pressure.

Thus, to improve hemodynamics beta blockade therapy is the
first line of treatment. In patients who do not respond, Verapamil
may be tried but atrioventricular conduction defects or high left
atrial pressures are contra-indications (Rosing et al., 1982).
Treatment with Verapamil should always be started in hospital.

At present Amiodarcne is not indicated for hemodynamic reasons
but it may be combined with Propranolol to combine improvement in

hemodynamics relief of symptoms and control of arrhythmias.

Verapamil and Amiodarone should not be given together.

Symptomatic Treatment

The principle symptom is dyspnea on exertion, due to the high
left atrial pressure resulting from the stiff left ventricle and
the high left ventricular end diastolic pressure which rises on
effort. Angina is common, usually occurring on effort but prolonged
cardiac ischemic pain can occur at rest and myocardial infarction
(with normal coronary arteries) has been reported (Maron et al.,
1979). The exact reasons for the angina are not known; massive
oxygen demand by greatly hypertrophied muscle, impaired diastolic
coronary flow in diastole due to the abnormal relaxation of the
stiff left ventricle, and a metabolic fault leading to oxygen
deprivation may all be considered as possibilities. Dizziness,
syncope and palpitations, can all be ascribed to arrhythmia, but
syncope may be due to ''mechanical" factors; sudden fall in cardiac
output due to reduction of left ventricular volume and resistance
of the left ventricle to filling. It is doubtful if the outflow
tract gradients alone contribute to syncope; they are produced by
the hypertrophied walls of the left ventricle collapsing inwards
when the ventricle is not distended with blood. When ventricular
volume is seriously reduced the cavity of the ventricle may be
virtually eliminated by the powerfully contracting hypertrophied
muscle and in this way gradients are created.
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The treatment of dyspnea is by beta adrenergic blocking agents
or calcium blocking agents. Propranolol improves dyspnea in around
707 of patients, probably by reducing the stiffness of the left
ventricle, improving relaxation and increasing the time available
for filling (Webb Peploe et al., 1971; Alvares, 1980; Goodwin, 1982).
In my experience a non-selective beta adrenergic blocking agent
gives better results than a selective one which has less effect on
outflow tract gradients (Hubner et al., 1973). Large doses, up to
300 mg a day, of Propranolol, are needed but smaller doses (40 mg
a day) should be used initially.

When arrhythmias have been detected and there are also symptoms
of angina and dyspnea, Amiodarone and Propranclol may be tried.
This combination may prove to be superior to Verapamil.

Beta blockade does not relieve symptoms in every patient,
probably because, owing to the grossly global and regional irregular
patterns of relaxation and filling (Sanderson et al., 1978; Alvares,
1980), the effects vary with the extent and severity of the mal-
orientated myofibrillar lesions.

Verapamil has been reported to improve symptoms. Kaltenbach
et al. (1979) reported reduction in symptoms and in left ventricular
muscle mass in 22 patients. Rosing et al. (1979P) reported improve-
ment in symptoms in 11 of 15 patients, with increase in exercise
tolerance in 6.

Adverse effects included bradycardia, sinus arrest, pulmonary
edema and systemic hypotension.

Personal experience indicates that while Verapamil may relieve
symptoms in some patients, the incidence of side effects and com-
plications may be higher than with beta adrenergic blockade. It
has so far not been possible to identify precisely which patients
with hypertrophic cardiomyopathy are most likely to benefit from
Verapamil and which are most likely to sustain untoward effects.

The first line treatment for symptoms should be beta blockade
and the agent of choice should be Propranolol. If beta adrenergic
blockade fails, then Verapamil should be tried cautiously starting
with a small dose (20 mg three times daily) and working up to 120
mg three times daily. Patients who have heart failure or conduction
defects are unsuitable. On present evidence Verapamil and Pro-
pranolol should not be given together. It must be emphasized that
more precise identification of the hemodynamics in individual
patients and clearer identification of sub-groups of patients is
required before the exact place of Verapamil can be determined.

The place of other calcium blocking agents has not yet been studied
in detail; Nifedipine may prove to be helpful but care should be
taken to prevent undue vaso-dilatation and hypotension.
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Attacks of severe and prolonged chest pain may be intractable
and difficult to treat. Frequently they do not respond to Pro-
pranolol. Verapamil may be tried in such patients, while Amiodarone
has occasionally been shown to have dramatic effects for reasons
that are not fully understood but perhaps because of its weak beta
adrenergic blocking action.

When atrial fibrillation occurs, the cardiac output usually
falls dramatically and pulmonary edema or congestive heart failure
may occur because of the loss of atrial drive and tachycardia;
embolism may occur. The patient should immediately be given Heparin
and cardioversion carried out. If this fails the ventricular rate
must be slowed and digitalis may be cautiously given, together with
diuretics. There is usually little risk of precipitating an outflow
tract crisis in such patients. Amiodarone, which stabilizes atrial
fibrillation, may convert it to sinus rhythm and should be started,
but care is necessary since Amiodarone increases digitalis blood
levels, and digitalis should be reduced when the Amiodarone starts
to take effect in 3-10 days. Small doses of Propranolol to slow
the ventricular rate may be used as an alternative to Amiodarone,
but care is needed if heart failure threatens.

Infective Endocarditis

Treatment of infective endocarditis in hypertrophic cardio-
myopathy does not differ from infective endocarditis complicating
other forms of heart disease. Since the mitral valve is the most
usually affected valve the need for mitral valve replacement should
be remembered if hemodynamic reasons or failure to control infection
dictate surgical treatment.

Congestive Heart Failure

Heart failure usually indicates a severe and late form of the
disease. It should be treated cautiously with diuretics.

Digitalis in Hypertrophic Cardiomyopathy

The dire effects ascribed to digitalis in exacerbating
gradients and causing sudden death have not been confirmed by sub-
sequent experience. However, the positive inotropic effects of
digitalis make it likely that it will further reduce ventricular
volume and since there is no impairment of systolic function from
the disease until it becomes far advanced, digitalis should be
avoided except where atrial fibrillation or congestive heart failure
are present. The inconstant effects reported for digitalis may be
explained by the potentially adverse effects of the positive
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inotropic action on the one hand and the potentially beneficial
effects of the negative chronotropic effect on the other.

Surgical Treatment

There is a small place for surgical treatment. There are two
operations available; septal resection or mitral valve replacement.
Septal resection is indicated in patients whose symptoms do not
respond to adequate medical treatment and who have appreciable
septal hypertrophy with a consistent systolic pressure gradient of
50 mmHg or more in the left ventricle. Results are excellent for
the relief of symptoms, and improvement in hemodynamics occurs
(Reitz et al., 1975; Kuhn et al., 1978; Maron et al., 1978). There
is no evidence that septal resection improves prognosis and the
operation is essentially for the relief of symptoms. The mortality
is not low (8% operative and 9% on late follow-up, making a total
of 17%) (Maron et al., 1978). Therefore, septal resection should
not be undertaken lightly.

Mitral valve replacement is indicated in patients in whom
mitral regurgitation is severe and intractable and requires surgical
relief in its own right. Such mitral regurgitation is usually the
result of secondary damage to the mitral valve as a result of cal-
cification, turbulance or infection. In addition to relieving
mitral regurgitation, mitral valve replacement makes room in the
crowded ventricle by removal of the large papillary muscles. A low
profile disc type of mitral prosthesis must be used, as there is
usually insufficient room in the hypertrophied left ventricle for
a caged ball type of valve.

The presence of associated fixed outflow tract obstruction is
an important additional reason for operation.

Relief of Ventricular Hypertrophy and Modification of the
Progress of the Disease

It has been postulated that beta adrenergic blockade by
relieving outflow tract gradients may lessen the stimulus to pro-
gressive hypertrophy but proof is lacking. Verapamil on the other
hand has been considered to reduce hypertrophy in one series
(Kaltenbach et al., 1979).

The possibility of retarding the progress of the disorder is
the most compelling reason for treating asymptomatic patients with
a good prognosis; that is, those with no family history of sudden
death and whose signs are of mild or moderate disease on clinical
and hemodynamic grounds, but the possible side effects of long term
treatment and the uncertainty of benefit tend to outweigh these
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considerations. Regular ambulatory monitoring is advisable and if
arrhythmias are detected then treatment is needed, Amiodarone being
the drug of choice at the present time, quinidine being the next
best alternative.

Pacemaking Treatment

A pacemaker may be required occasionally to treat hypertrophic
cardiomyopathy. Patients who develop an unacceptable degree of
bradycardia on beta adrenergic blockade may require a pacemaker,
while those who have evidence of sinus node dysfunction with alter-
nating tachycardia and bradycardia require a pacemaker in addition
to anti-arrhythmic drugs.

DILATED CONGESTIVE CARDIOMYOPATHY

The prognosis is usually poor, approximately 507 of patients
dying in the first two years after diagnosis and around 70% within
eight years. Just over 207 remain alive and have a reasonable
prognosis (Fuster et al., 1982). 1In our own experience of 146
patients followed for up to 20 years, prognosis was related mainly
to left ventricular function (MacArthur et al., 1982).

Treatment is essentially that for congestive cardiac failure
and no specific therapy is known. General measures include advice
against cigarette smoking and alcohol and prolonged reduction of
activity after the heart failure has been treated. Prolonged
inactivity has become a hallowed principle of treatment but there
is, in fact, little evidence or hard data to support this view.
Digitalis is indicated if there is atrial fibrillation but its use
in sinus rhythm has been questioned on the grounds that it may not
exert any effective action after the first few months of treatment.
Nevertheless if there is substantial cardiomegaly due to cardiac
dilatation, and heart failure in sinus rhythm, digitalis should be
given provided that there are no contra-indications. Careful
attention must be paid to avoid digitalis toxicity.

Recently treatment by new inotropic and vaso-dilator drugs
have been successful in the short term. Salbutamol given as an
intravenous infusion in severe heart failure improves cardiac func-
tion, mainly as a result of systemic vaso-dilatation but also
because of some positive inotropic effect (Sharma and Goodwin, 1978).
However, there are disadvantages, notably tachycardia, tachyphylaxis,
increase in blood sugar and fall in serum potassium. Vaso-dilator
therapy with Hydrallazine has been successful in reducing left
ventricular end diastolic pressure and pulmonary artery pressure,
and increasing cardiac output without a significant fall in blood
pressure or increase in heart rate. These effects are seen not



100 J. F. GOODWIN

only when the drug is given intravenously, but also over a period
of weeks and months by mouth, in doses of up to 300 mg a day
(Fitchett et al., 1979). Patients who are slow acetylators may
experience side effects; headaches, flushing or lupus syndrome with
high doses. If possible acetylator status should be determined
before treatment is started as fast acetylators can probably be
given the larger doses with impunity.

As an alternmative to Hydrallazine, Prazosyn may be used but
tachyphylaxis is common. In desperate situations, if the systolic
blood pressure is not below 90 mmHg, Nitroprusside may be cautiously
given intravenously and titrated against the blood pressure and
clinical response. Also, in desperate cases the positive inotropic
agents Dobutamine or Dopamine may be used, and in combination with
Nitroprusside may be life saving. Unfortunately, improvement after
such severe congestive cardiac failure is usually only temporary,
although a few patients make dramatic and unexpected recoveries,
so hope should not be abandoned lightly.

The angiotensin concerting enzyme inhibitor Captopril may
prove to be an effective agent for reducing afterload in chronic
heart failure (Sharp et al., 1980) and could be useful in congestive
cardiomyopathy.

Beta adrenergic Blockade in Congestive Dilated Cardiomyopathy

The use of beta adrenergic blocking agents in dilated con-
gestive cardiomyopathy remains controversial and the indications
uncertain. The work of Hjalmarsson and his colleagues (Waagstein
et al., 1975) indicated improvement in cardiac function, on clinical
and hemodynamic evidence, after the use of graded oral doses of
Metoprolol, a cardioselective agent. Improvement in prognosis was
claimed also. The reason for the results are not understood. The
patients who are most suitable for treatment may be those with
disproportionate tachycardia who may have an excess of catecholamines
in the heart (Waagstein et al., 1979). Certainly judicious slowing
of the heart rate might be beneficial by allowing more time for
ventricular filling. Treatment with beta adrenergic blocking agents
should not be undertaken at random but should be part of a carefully
controlled clinical trial.

The treatment of complications or threatened complications of
dilated congestive cardiomyopathy is important. When there is
severe congestive heart failure, with low cardiac output and per-
ipheral edema and the patient is immobilized, anti-coagulants are
advisable to protect against deep venous thrombosis and pulmonary
embolism. In patients with atrial fibrillation anti-coagulants
are indicated to avert systemic embolism.
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The Implications of the Virus/Immune Theory of
Causation on Treatment

The possibility that virus myocarditis or some infective agent
might lead to dilated congestive cardiomyopathy either directly or
by an auto immune mechanism was suggested a number of years ago
(Kawii, 1971; Braimbridge et al., 1967). High titres to Coxsackie
B viruses in the blood of patients with dilated congestive cardio-
myopathy as compared to controls was reported by our group (Cam-
bridge et al., 1979). 1In a number of patients endomyocardial biopsy
did not show any evidence of myocarditis, and the possibility of a
disturbance of cellular immunity resulting from the infection and
causing progressive myocardial damage has been suggested. Work
from Stanford University by Fowles et al. (1979) suggested a defect
of suppressor cell function in dilated congestive cardiomyopathy,
which might be explained in this way. However, the occasional
finding of dilated congestive cardiomyopathy on a familial basis
suggests that perhaps the opposite could sometimes be true; that
is, that inherited defects in cellular immunity might predispose
to virus infection. The matter is unsettled and the bearing on
current treatment unclear. However, another recent report from
Stanford by Mason et al. (1980) has therapeutic implications. These
workers reported a small series of patients with a short history
of congestive heart failure of unknown cause. Endomyocardial biopsy
revealed evidence of myocarditis and treatment with immunosuppressive
and steroid drugs caused improvement (as judged by clinical, hemo-
dynamic and endomyocardial biopsy evidence) in the majority.

It is not clear whether these patients were suffering from
myocarditis, or dilated congestive cardiomyopathy or that myo-
carditis led to the latter, but the implications for treatment are
clear. Patients who apparently have dilated congestive cardio-
myopathy of recent onset should be investigated by endomyocardial
biopsy if possible, and if evidence of myocarditis is found, treat-
ment with immunosuppressive drugs and steroids should be considered.

In the terminal patient, for whom all methods of treatment
have proved unavailing, cardiac transplantation may be considered
provided that there are no contra-indications.

In patients with arrhythmic cardiomyopathies (Goodwin, 1979)
Amiodarone may be of great value for it is effective in controlling
arrhytbmias without depressing myocardial function. Most anti-
arrhythmic drugs have some negative effect on cardiac function, so
Amiodarone is likely to be the drug of choice.

Restrictive/Obliterative Cardiomyopathy

Endomyocardial fibrosis is the usual cause of this type of
cardiomyopathy. Since the hemodynamics and pathology are closely
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similar in the tropical variety and in the temperate zone type
known as Loffler's endomyocardial disease, treatment is basically
the same and is in general unsatisfactory. The usual measures for
congestive heart failure are indicated and anti-coagulants should
be used because of the high risk of thrombosis in the ventricle.

In Loffler's disease the eosinophilia, which may affect other
organs, can be treated by cytotoxic drugs or steroids, but the
result is usually unsatisfactory except in relieving exacerbations.
The introduction of surgical means has improved prognosis. Resection
of endocardial fibrous plaques and replacement of atrioventricular
valves when severely involved in the disease has had considerable
success in the short term, but long term results are not yet avail-
able (Dubost et al., 1976; Davies et al., 1981; Spry and Tai, 1976).

Table 1. Suggested Plan of Management for Hypertrophic
Cardiomyopathy

1. No family history, no symptoms, mild disease, no
arrhythmia. Observe regularly. Holter monitoring.

2. Ventricular arrhythmia: Amiodarone.
3. Symptoms - no arrhythmia: beta blockade.

4. Symptoms - but unsuitable for beta blockade:
Verapamil if no AV conduction defect and LA pressure
not significantly elevated. Watch carefully.

5. Symptoms and arrhythmia: Propranolol, Amiodarone.

6. Symptoms - gradient at or greater than 50 mmHg, no
response to medical treatment. Septal resection.

7. Severe complicated mitral regurgitation: mitral
valve replacement with low profile mechanical
prosthesis and excision of papillary muscle.
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HEART IN OUTER SPACE
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During the 25 years that have elapsed since the first sputnik
in space, space research has scored spectacular achievements. This
follows from the simple fact that 109 men of the Earth have already
made space flights and that men and lunar vehicles have left their
traces on the Moon. Space probes have informed us about the
environmental parameters on the planets of the solar system and in

outer space.

Many investigations, particularly of recent years, give
evidence that within the solar system the Earth appears to be the
only place where life exists. This inference is fraught with very
important consequences: 1) it points to the unique significance of
the Earth biosphere in our solar system, 2) it attracts our
attention to the very specific place man occupies in the "Earth
biological envelope', to his historical responsibility for the
preservation of the biosphere and the healthy development of the
human society, and 3) it strictly confines hypotheses on the origin
and evolution of planetary systems and the conditions required for
the emergence, existence and evolution of life in the Universe.

A space environment as such is alien to life and, therefore,
it can be penetrated if living creatures, man included, are pro-
tected against its harmful effects. This is why space cabin atmo-
spheres are normally very close to those on the Earth. Space
flights are characterized by the so-called free fall which gives
rise to the state of dynamic weightlessness. Weightlessness or
zero—-g 1s of particular interest for biologists and medical people
because the entire biological evolution, at least that which began
with the emergence of the cell and ended with the appearance of man,
developed under conditions of a constant gravity field.
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Space flights greatly stimulated interest in the biological
role of gravity. Today we have the right to speak about a new
branch of biology, gravitational biology, the purpose of which is
to study in great detail the effect of weightlessness on the
structure and function of living organisms, including cardiovascular
physiology. This is the subject of the present paper.

MAN IN SPACE

Man, as the prominent astronomer Shapley remarked, was born
by stars and, therefore, it is not surprising that he tries to
go back to them. But the wise men of ancient times who used to
say that the road to the stars is hard were also correct. The
problems man may encounter in space flight are of great diversity.
Among them mention should be made of those that may influence the
health state of man: weightlessness, cosmic radiation, abnormal
environmental parameters, and factors causing nervous—emotional
stress.

It is known that the sources of cosmic radiation are: galactic
cosmic radiation from the depth of outer space, radiation of solar
flares, and Earth radiation belts. Careful dosimetric measurements
carried out in every space flight demonstrated that the absorbed
radiation dose during lunar flights (whose trajectory crossed the
Earth radiation belts) was about 0.5 rem and never exceeded 1.0 rem.
During long-term orbital flights of about 6 months in duration the
dose increased and reached 5.0 rem. However, this is still lower th
the permissible dose which is taken of 15 rem per flight (in the US
allowable dose is 25 rem).

Thus, the radiation factor is not very dramatic at least
today and cannot be viewed as one influencing the cardiovascular
function in space flight.

In flight crewmembers live and work in a specific environment
which reflects tendencies of our technically advanced society.
It is, first of all, characterized by the man—-made environment.
It is a classical example of a compromise between human requirements
and technical feasibility. Then, a confined enclosure - a small
living space which amounts to several cubic meters per man. This
diminishes motor activity, enhances hypokinesia, stimulates cardio-
vascular deconditioning.

At first sight, the physical and chemical parameters of the
space cabin environment are stable. However, this is not quite
the case, because the pressure, temperature, humidity and the
concentration of the major constituents (03, Ny, CO2) vary
continuously; the content of trace contaminants, including anthro-
pogenic, increases and the microbial composition changes. This
gives rise to problems associated with the maintenance of the
environmental parameters within normal limits because their marked
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deviations may affect the physiological functions of- crewmembers.
Of greater importance is a large group of various circumstances
and factors that may induce and maintain nervous—emotional stress.
As a matter of fact, flight starts still on the Earth and the
first critical state is the launch. Space crewmembers typically
show increased heart rate and a more or less increased blood
pressure as the launch time approaches. Immediately after launch
heart rate begins to go down, in spite of growing acceleration,
thus reflecting a typical "prelaunch" reaction of sympatho-adrenal
origin. The shock of novelty, great diversity of unexpected and
memorable impressions, heavy duties combined with expected and
actual complications and hazardous situations - these are
specific features of space missions which may bring about more or
less expressed reactions of the heart and the cardiovascular
system on the whole. Before considering the role 6f zero-g, it is
appropriate to discuss general problems of gravitational biology.

BIOLOGICAL ROLE OF GRAVITY

Gravity is a great and universal designer of the Universe -
the force of gravity has determined the emergence, structure and
environment of planets. Gravity is a constant and ubiquitous
phenomenon which generates a very weak field. Therefore, living
systems that have a different mass and spatial configuration show
different sensitivity to gravity effects. Large living organisms,
man included, distinctly react to gravity variations. Smaller
animals, e.g. insects, respond much more markedly to surface tension.
Microorganisms are indifferent to gravity and obey the laws of
viscosity and Brownian movement.

In the course of evolution Nature has staged two important
experiments associated with gravity effect. The first took place
when living being moved from the ocean to the land, and the
second when our ancestors developed the ability of uprightness.
The success was due to the improvement of the structure and
function of the cardiovascular and musculoskeletal systems. The
development of two-leggedness, enlargement of the brain, ability
for conceptual thinking and the upright body position in the Earth
gravity field look like functionally ingenious achievements of
Nature. They have armed man with great advantages, including
social ones, and given rise to certain biological problems.

Since man spends a considerable and most active part of his
life in the erect position, he has to maintain his body mass
center in unstable equilibrium, use his muscles constantly,
especially leg muscles in order to retain the posture. It is not
at all surprising that the leg mass is close to half of the total
body mass and the parameters characterizing motor activity are
important in the control of homeostatic reactions. In contrast
to man, very few mammals are capable to acquire the upright posture
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and, if so, only for a short period of time., The fact that men do
that without any problems is a considerable evolutionary achievement,
because in this position the cardiovascular system actively counter-
acts gravity-induced blood redistribution. This ability is termed
orthostatic tolerance and realized via a concordant interaction of
the cardiovascular structure and regulatory mechanisms.

Concluding this Section, it should be emphasized again that
the force of gravity, at least in the limits faced on the Earth or
in space does not produce a direct effect at the molecular, sub-
cellular or cellular levels. Its direct or indirect effect can be
seen in organisms weighing several grams and very clearly in us,
humans, who enjoy the privilege to view the world when standing.

The adaptation we have evélved is a philogenetic inherent
property. In our individual life we can improve it or we can
partially lose it. This normally occurs in aged or diseased
people. But it may also develop in young healthy men who are
travelling into outer space where weightlessness reigns.

WEIGHTLESSNESS

In the weightless state the body has no support, it is weight-
less and floats freely in the space cabin. On the Earth man can
face nothing of the kind. In the course of his evolutionary
development he was unable to acquire any specific mechanisms for
compensating the effects associated with the weightless state.

On the contrary, he developed the ability to counteract the
gravitational stress. What are his responses to weightlessness?

From the intellectual and emotional point of view - these are
more or less distinct disorders of spatial orientation, a wide
spectrum of emotional reactions of positive or negative nature.

With respect to autonomic functions these are equivalent physio-—
logical reactions which may arise on the ground when man drastically
reduces his motor activity (hypokinesia, hypodynamics), assumes a
horizontal position (bed rest) or goes down into the water (immersion).

Thus, weightlessness in space flight is a factor responsible
for changes in the self-regulation of an intact organism which
are aimed at establishing adequate relations with the lowered re-
quirements of the environment. The exposure to zero~g is accompanied
by the phenomena of disuse or unloading and then atrophy from disuse
and deconditioning, which can be viewed as adaptive.

The functional changes that occur in weightlessness are primarily
produced by the following principal factors: changes in the afferent
compartment of the nervous system, withdrawal of the blood hydro-
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static pressure, and the lack of weight load on the musculo-skeletal
system. The responses to these changes develop at different time
intervals. Besides, the physiological reactions have a characteristic
time constant and may be modified by a simultaneous effect of other
stress—factors of space flight. All this makes a very complicated
picture of functional changes in response to the effects of weight-
lessness.

INVESTIGATION OF CARDIOVASCULAR FUNCTION IN SPACE FLIGHT

Methods of Research

After the historical flight of Yu. Gagarin in which ECG was
recorded in one lead, a spectacular step forward was made in cardio—
vascular research techniques. The spacecraft and especially space
stations are well equipped with sophisticated biomedical equipment
furnishing diagnostic and scientific information. Several generations
of the biomedical equipment were used in succession and now the
Salyut~7 station is supplied with devices to record electrocardio-
grams in 12 leads, to perform dynamic electrocardiography in one
lead continuously during 24 hours, to perform rheography of the
head, body and limbs, to measure blood pressure by means of
Korotkoff sounds, to record sphygmo - and tachooscilograms, seismo-
grams, kinetocardiograms, ballistocardiograms and, finally, echo-
cardiograms using the ultrasound Doppler method. In addition, many
other parameters necessary for interpreting cardiovascular data,
e.g. variations in body mass, leg volume, hematocrit, can be
measured.

At first sight it looks as if space medicine has overcome the
barrier of methodical problems. But this is not the case. The
available methods enable one to get indirect and sometimes relatively
inaccurate values of the main hemodynamic parameters, thus making
difficult reliable evaluation of regulation mechanisms.

Another characteristic feature of cardiovascular investigations
is their discrete pattern. The crewmembers are to perform many
duties associated with flight control, scientific and engineering
experiments, etc. In short-term flights a comparatively small
amount of biomedical information is transmitted to the Earth almost
every day. In long-term space flights instrumented investigations
are carried out approximately once every 10 days which appears
adequate for the medical control but less than it is necessary to
study the functional variations and the adaptation process.

Without taking into account those who are aloft today and those
who are on the verge of going into orbit there are 106 persons that
have made space flights. Out of these 106 courageous space
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travellers one (astronaut John Young) has made five flights, three
have made four flights, twelve have made three flights, twenty six
have made two flights and sixty four have made one flight, which is
in total 169 man-flights and about 8 years 105 days of life in
space.

When considering the scientific analysis of the accumulated
data, it should be borne in mind that in the 169 space studies
106 crewmembers participated, each having specific features of his
own. The scope of measurements in these flights varied substan-
tially and each flight differed from another. All this makes it
difficult to compare and analyze the findings, to evaluate their
adequacy and to draw reliable conclusions concerning the effects to
which man is exposed.

However, this problem can be somehow resolved with the aid of
ground-based experiments simulating the physiological effects of
weightlessness which include: bed rest (hypokinesia) and its
modification - head-down tilt (antiorthostatic hypokinesia), and
water immersion (at neutral temperature).

A large number of studies of this kind have been conducted.
The results of ground-based studies and mathematical modeling
widely used at present are employed to elucidate physiological
reactions to weightlessness. This approach is undoubtedly well
justified because it allows the conduct of an unlimited number
of physiological experiments which can hardly be carried out on-
board the spacecraft.

Primary and Delayed Cardiovascular Reactions

In weightlessness cosmonauts and astronauts experienced blood
run to the head and nasal congestion, then head heaviness and
pulsation. The level of these sensations varied. Sometimes they
reported that the sensations persisted for 10-15 days and then
disappeared. Sometimes they persisted throughout the flight
although were less distinct. When loocking at his partner, the crew-
members noted face puffiness, eyelid swelling and sclera hyperemia.
Some of the symptoms augmented by the end of the working day or
weakened during exercise or LBNP (lower body negative pressure)
tests.

This is what happens after insertion into orbit when the hydro-
static pressure disappears and blood as well as the interstitial
fluid move headwards. Their major portions go to the intrathoracic
vessels, causing their enlargement. This also occurs in the cardiac
cavities. The remaining portion of the fluids accumulates in the
skin and in the subcutaneous tissue of the head and neck.
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On the ground a similar situation occurs during the transition
from the vertical to the horizontal position. In this case fluid
redistribution is moderate; it is a normal physiological reaction
which does not manifest in the healthy man. Many experiments
carried out with the aid of different techniques yielded similar
results. The volume of this, so to say, mobile fluid is about
500-700 ml on the ground.

Today we have reliable data on the dynamics of blood filling of
different body compartments under various conditions and at a
different level of activity. The results of many ground-based
studies indicate that with respect to the effect of blood redist-
ribution "laboratory models of weightlessness' can be ranked in a
certain order with the head-down tilt at -6° being the most accurate
simulation of what happens in real weightlessness. This is now
recognized by most researchers in the area.

Comparing a conservative number of indirect measurements in
space flights with solid data of ground-based studies, we can
evaluate the mobile fluid volume displaced from the lower body in
the cranial direction. It is estimated to be twice as much as
during the head-down tilt on the ground, i.e. about *500ml.
Figuratively speaking, weightlessness turns the man upside—down.

The measurements during the Salyut and Skylab flights demon-
strated that the leg volume decreased by 12-187, lowering most
rapidly during the first days in weightlessness. An opposite
situation occurred upon return to Earth. In flight the body mass
center also shifted towards the head, being another indication of
the cephalad fluid displacement. Orthostatic tests have shown
that this reaction consists of two components: a rapid one
associated with blood movement along the vascular bed, and a slow
component induced by interstitial fluid accumulation.

It is obvious that the discussion of these primary, physically
meaningful processes developing in the vascular system should take
into consideration changes in the transcapillary fluid displacement.
The final volume of the displaced fluid may largely depend on the
contribution of the hydrostatic and osmo-oncotic pressure, as well
as on tissue distensibility. These problems have been poorly
studied. There are no data in the literature concerning the lymph
flow. Therefore, fluid regulation requires further study both on
Earth and in space.

It is believed that an increased blood inflow to the heart
causes reflex and humoral reactions which result in a decrease of
the plasma volume and, consequently, of the circulating blood
volume.
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The scope and rate of the plasma volume decrease in weight-
lessness can be understood with the aid of immersion studies which
produce an effect that exceeds that of weightlessness. Following
an early increase, the blood and plasma volume declines, the reduction
being pronounced by the 2nd-3rd hour of the exposure. The greatest
changes are seen by the 6-8th hour, when the plasma volume decreases
by 8-157 (in some cases by 20%). Having reached this level, the
plasma volume remains practically unchanged till the end of the
exposure even if it lasts several days. This is easy to understand
because this is an adaptive reaction aimed at establishing equilib-
rium between the volume of the intravascular fluid and that of the
vascular bed.

This scheme gives a satisfactory explanation to the fluid
volume regulation at acute stages of different experiments and space
flights. However, as any other scheme, it disregards other possib-
ilities and factors. It has been, for instance, shown that blood
redistribution during ortho- and antiorthostatic reactions are
noticeably affected by afferent somatic impulses that modify blood
redistribution between the cranial and caudal body parts.

Similar reactions can be elicited from the chemoreceptor zones
of the medulla oblongata ventral surface; this is of particular
importance in view of increased blood filling of the head. The
above hypothesis also ignores the role of hypothalamic osmo-
receptors which are assumed to regulate ADH secretion. It should
also be emphasized that in real life pathways of homeostatic
equalibrium are at least doubled, as in the case with redundant
spacecraft control gystems. The actual reactions consist of
combinations of different elements which may be of greater or lesser
importance in different situations.

At the stage of acute adaptation when the circulating blood
volume and plasma volume diminish, crewmembers exhibit, as a rule,
losses of thirst and salt appetite, reduced water consumption and
sometimes they are requested to drink water or juice. Due to the
losses of plasma, the hematocrit level increases. These findings
were documented in flight and confirmed by ground-based investi-
gations. So far it is still unclear in what way the normal relation
between the plasma volume and blood formed elements recovers, althougt
it is known that the production of red blood cells declines and they
have a tendency for microcytosis.

This essentially completes the early stage of adaptation to
weightlessness. A new homeostatic level of the cardiovascular
function is reached; it helps crewmembers maintain good health
condition. In flights ECG was recorded many times. No unusual or
abnormal changes in heart rate, rhythm (except for single cases of
ectopic beats and one case of higeminy), pattern or parameters
of ECG were observed.
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Being very exacting, we can say that there was a difference
between heart rates at night and in the daytime. In very few cases
there were subjective complaints for discomfortable cardiac
sensations which were never supported by ECG or other objective
studies; there were no significant changes in blood pressure.

In a word, all the parameters measured and recorded at rest
demonstrate complete well-being of crewmembers. But as soon as
they increase their activity or start doing something difficult,
they show unstable or hypertrophic cardiovascular responses as
compared to those seen on the Earth, This was clearly seen during
bicycle ergometry and LBNP tests. Preflight data make it possible
to compare variations in their tolerance to exercises and ortho-
static (LBNP) tests. As a rule, the tolerance declined, the re-
duction increasing as they diminished their exercises. However, the
time-course of these variations was not ascertained because in all
space flights of more than 2 weeks duration exercises were a
mandatory prophylactic measure.

On the whole, we can see a very curious picture. Following
the primary, acute phase of cardiovascular adaptation which completes
within the first hours or days in orbit, a new homeostatic level is
reached. This proceeds gradually and continuously for about a
month or sometimes a month and a half. This level may be termed
a relatively stable adaptation to weightlessness. Crewmembers adjust
to the new environment, feel well, develop habits and skills
necessary for their life and work in weightlessness, and face no
serious problems. It can be said that a man of the Earth has becom e
a man of space.

However, everyone who has made a space flight encounters certain,
sometimes significant problems upon return to Earth. This uneasy
and frequently difficult process of readaptation is the biological
price of the privilege to fly into space.

Unlike flight studies, pre— and postflight examinations are
wide, profound and less limited. However, the problem is that
postflight the investigator deals with a person who is not in
the weightless state but who was in zero-~g but at the time of
examination is at 1 g, This, obviously, makes data analysis and
interpretation more difficult and speculative. Nevertheless, the
data accumulated are extensive and can be used not only to evaluate
readaptation reactions but also to take a glance into weightlessness
per se.

After touch-down physicians try to perform examinations as
soon as possible but sometimes fail to do that to a full extent.
Nevertheless, during the first hours after recovery the following
changes were demonstrated: losses of body mass, leg volume, and
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circulating blood, increased heart rate, pulse variations, and trend
for hypotension. Xvsray examination showed a decrease of the heart
shadow. Echocardiographic investigations suggested that the
decrease of the heart size may be induced partially or totally by

a reduction of the cardiac cavities rather than of the cardiac
muscle mass.

The application of quantitative electrocardiography (e.g.
according to Frank) and noninvasive methods to determine the phasic
structure of the cardiac cycle did not reveal any abnormalities but
indicated manifest individual variations. Biochemical and hormonal
parameters of blood varied substantially and often in different
directions. A consistent finding was a decrease of orthostatic
tolerance and exercise tolerance, as shown by bicycle ergometry.

The level of the variations was not always correlated with the
flight duration. It should be emphasized that a more active and
regular use of different countermeasures - bicycle ergometer, tread-
mill, bungee cords, LBNP box - combined with other measures (adequate
work-rest cycle, food and water consumption, water-salt supplemen-
tation) helped diminish the postflight reactions. In this context,
mention should be made of the long~duration space flights onboard
Salyut-6.

Nevertheless, we have to admit that our knowledge of cardio-
vascular reactions to weightlessness is still insufficient. In the
near future we have to clarify the effect of cephalad fluid shifts
and concomitant increased ventricular pressure on the morpho-
functional characteristics of the heart; we have to ascertain whether
a prolonged exposure to weightlessness may cause myocardial dys-
function; and we have to determine the role and importance of
general and local mechanisms of cardiovascular regulation in weight-
lessness. This can be done provided that the existing methods are
refined and the great achievements of modern cardiology are used
in the best way possible.

It is hoped that the progress achieved within a short period
of our space era will become more impressive. Many problems with
which we are concerned today will be resolved but they will be
replaced with new challenges which we will attempt to resolve with
similar enthusiasm and dedication.
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Radioisotopes are tools for observing the body at the molecular
level of organisation practically without discomfort and risk to the
patient. In this context, the method of imaging, for example, with
a fast gamma-camera, is not an end in itself, but a first step for
functional studies particularly at the molecular and cellular level
in small body volumes. Thus, radioisotopes have generally proved
useful for establishing diagnosis, for description and quantification
of findings involving metabolic reactions in the evolution of disease
and for control of therapy. Nuclear medicine has also become ac-
cepted in cardiology.

Radioisotopes are employed in cardiology mainly to study 1)
cardiac function, 2) myocardial perfusion, 3) myocardial metabolism,
This report emphasizes progress and covers these three topics.

1) CARDIAC FUNCTION
Cardiac function is essayed by measuring volumes, flow and wall

motion at rest, and exercise for defining cardiac reserve.

Multiple Blood Volume Analysis

A rather novel technique uses the simultaneous imaging of blood
pools of the heart, lung and liver.1,2,3 Following equilibration of
the tracer such as 99m-Tc labelled erythrocytes within the circu-
lation counting rates relate to blood volume and are simultaneously
measured over heart, lung and liver at frequent time intervals during
stepwise increase of exercise load. In normal individuals the cardiac
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blood volume shows an initial adjustment at the lowest work load
level; then with increasing load it tends to decrease slowly. Over
the lung, there is initially little change, then with more than about
60 watt the blood volume increases. There is little initial change
in the liver blood volume and then a constant drop is seen. This
thus indicates in normals an exercise induced diminution of total
cardiac volume, an increase in pulmonary bloocd volume and a delayed
mobilization of liver blood pool.

The responses are quite different in patients with latent cardiac
insufficiency. There is an exercise induced increase in total cardiac
volume, an immediate rise in pulmonary blood volume and an immediately
induced mobilization of hepatic blood volume. The simplicity and
potential applicability of this multiple blood volume analysis is
obvious.

Cardiac Blood Pool Analysis

Cardiac function is most widely investigated by continuously
observing the left ventricular blood pool, as initiated by Hoffmann
and Kleine in 19654 and later adapted to the gamma-camera with ECG
triggering.’»® Following tracer equilibration in the blood, the left
ventricular blood pool is well recognized in the left anterior oblique
projection.

a) Beat by beat observation. Beat by beat analysis of the total
counting rate of the left ventricle is relatively simple by the
nuclear stethoscope7 proposed by Wagner, or more recently by a mini-
probe with a sensitive solid state detector that may even be included
in a garment to observe the patient throughout his daily activities.8
These techniques permit continuous beat to beat analysis of left
ventricular function and thus are a radiocardiographic equivalent of
the continuous ECG monitoring.

b) Gated blood pool imaging. A commonly used mode permits the
collection of the total counting rates from the left ventricle from
at least 20 divisions of the cardiac cycle by ECG triggering, which
are then added up over about 400-500 cycles so that good counting
statistics for each cycle division are obtained. Thus, the counting
rates during a representative cardiac cycle present a volume curve
that lets one calculate left ventricular ejection fraction, filling-
time and -rate, and ejection-time and -rate, as shown in Figure 1.
The ejection fraction is given by the difference between enddiastolic
and endsystolic counting rates divided by the diastolic counting
rate after background substraction. Many investigators have shown
the ejection fraction to have a high prognostic value, especially
when the stress induced response is taken as major parameter.” A
stress induced reduction of the ejection fraction by more than 5%
indicates an about 607 incidence of a critical coronary artery
lesion.10 :
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Fig. 1. Left ventricular volume curve obtained from gated blood
pool images. The curve permits the calculation of the
ejection fraction, systolic time and diastolic time and
the corresponding ejection and filling rates.

The left ventricular volume curve may also be obtained from
each individual image ?ixel and may be treated by Fourrier amnalysis,
as suggested by Adam.!! Each curve from a pixel is adjusted to a
sinusoidal wave having a certain amplitude and phase. Whereas the
amplitude relates to the extent of wall motion, the phase emphasizes
the time at which contraction occurs. The values for phase and am-
plitude from each pixel may be displayed in colour for each indi-
vidual pixel as shown in Figure 2. On the left there is a normal
display of pixel amplitudes with the maximum in the mid ventricular
region. On the right, the corresponding phase distribution image
is seen; the dark color throughout indicates a synchronous beginning
of ventricular contraction.

Figure 3 illustrates corresponding data from a patient with a
left ventricular aneurysm. The upper 2 images are the enddiastolic
and endsystolic unprocessed blood pool displays. After Fourrier
analysis for each pixel curve, the lower left gives the amplitude
image with a zero signal given in black in the mid ventricular region
where the aneurysm is located; on the right, the phase distribution
image shows an asynchronous contraction of the left ventricle with
initiation of contraction at the cardiac base in dark color and late
contraction in light color at the apical region.

Wall motion abnormalities are well correlated to the ejection
fraction. Stress induced abnormalities were found in 677 of cases
with | vessel disease, in 887 with 2 vessel disease and in about 75%
of the cases with 3 vessel disease.!
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Fig. 2. Parametric images of a normal left ventricle with respect
to amplitude (left) and phase (right) of ventricular volume
curves obtained for individual image pixels.

What is now easily achievable with the left ventricle, is in
most instances quite difficult with the right ventricle because of
overlapping of atrial and ventricular volumes.

Still, the right ventricular blood pool may be analysed, even
with difficulties, by the so-called first pass technique 3 and here
preferably with short lived radionuclides, such as 8lm—Kr. !

The assessment of both ventricular volumes from the first pass
of an indicator bolus through the heart principally has the advantage
of speed, and short lived radionuclides are generally preferred, for
example 195-Gold. !5 Comparing right and left ventricular ejection
fractions may help to analyse valvular regurgitation.!6

It is difficult to determine absolute volumes from the first
pass or from the gated blood pool technique.!7 A recent report by
Maurer et al.,18 describes an easy measurement of the attenuation
of radiation coming from the ventricles. A gelatine capsule filled
with 99m-Tc is measured before the camera head and again on its
passage through the esophagus. The resulting attenuation coefficient
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Fig. 3. Left ventricular aneurysm. The upper images show
enddiastolic and endsystolic volume images. Below are

the corresponding parametric images for amplitude and
phase.

is then applied to a blood sample of the patient at the time of
ventricular counting; this quickly permits the conversion of left
ventricular counting rate into volume.

Flow Time, Minimal Transit Time

Quantification of the entire first pass of a radioactive bolus
yields information on global function of all segments of the central
circulation. For this purpose the minimal transit times have proved
very useful, which my group began to measure in 1969.°'7»

Following injection of a radioactive bolus, for example of 99m—
Tc-pertechnetate, into an antecubital vein, the first pass is regis-
tered with the gamma-camera at a rate of at least 10 frames per
second. Subsequently, frames are summed up for image display of the
right and left side of the heart, as seen in Figure 4. Into these
images regions of interest are placed for covering the superior
caval vein, the right atrium, right ventricle, the pulmonary artery,
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Fig. 4. The first pass of the indicator bolus through right and
left heart may be quantified by measuring indicator arrival
times at the indicated regions of interest for superior
caval vein, right ventricle, pulmonary artery, left atrium,
left ventricle and aortic arch.

the left atrium, left ventricle and the aortic root. It is not
necessary that these regions fully cover the anatomical site, yet

one must prevent the regions from extending into the intersegmental
boundaries. Time activity curves are then generated from each region,
as shown in Figure 5.

The time activity curves are illustrated in Figure 5, from the
right atrium, right ventricle, pulmonary artery, left atrium, left
ventricle and aorta; they are smoothed in such a way that the arrival
of the tracer can be automatically detected.2! The arrival of the
indicator in the various regions is here defined by vertical bars
on each corresponding curve. The time differences between consecu-
tive arrivals are the fastest transport times or minimal transit
times. They are a function of the ratio of volume to flow and thus
are, in the absence of flow vortices, inversely proportional to the
ejection fraction and heart rate. At a heart rate of 80 per minute,
the total minimal transit time from the right atrium to the aorta
in normal individuals, supine position, is 6 seconds * 57 standard
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Fig. 5. Time activity curves from the regions of interest shown in
Figure 4. The activity arrival is automatically recognized
and is displayed here by vertical bars. The differences
between consecutive arrival times are the fastest flow
times or minimal transit times through the central circu-
lation. These transit times are an expression of the ratio
volume/flow.

deviation. The pulmonary minimal transit time is 3.2 seconds t 87
standard deviation, the individual segmental minimal transit times
through atria and ventricles vary between 0.5 and 1.0 second * I5-
207 standard deviation.!9 The values are slightly different in
patients measured in the upright position.22 It is thus relatively
easy to describe the global function in terms of volume to flow
ratio for each cardiac segment and the entire central circulation.
Also the right ventricle is easier accessible than with the gated
blood pool technique.

I propose to combine quantification of the first pass by the
minimal transit times with the gated blood pool technique.

Whereas the gated blood pool technique gives detailed infor-
mation on left ventricular ejection fraction and wall motion, the
minimal transit times give global information on all cardiopulmonary
segments in terms of volume to flow ratios. The combined procedure
was tested in 65 patients with coronary artery disease, in supine
position. Thirty seven of the patients had a history of myocardial
infarction, of which 17 had developed left ventricular aneurysm.
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Figure 6 shows the relationship between left ventricular ejection
fraction and cardiac minimal transit time, i.e. total transit time
minus pulmonary transit time; the patients with aneurysm are shown
by full dots. In patients without aneurysms, pathological minimal
transit times are about similarly frequent as are diminished left
ventricular ejection fractions. Patients with aneurysms have more
frequently a diminished left ventricular ejection fraction than a
pathological cardiac minimal transit time. It was interesting to
note that patients with a normal minimal transit time usually had a
better exercise tolerance than those with prolonged minimal transit
times. It is justified to speculate whether minimal transit time
readings may have prognostic value. A compact radiocardiograph was
designed for easily and specifically measuring simultaneously total
minimal transit time through the central circulation2# and is now
also being used for simultaneously assaying left ventricular ejection
fraction, filling-time and -rate, and ejection-time and -rate.24

2) MYOCARDIAL PERFUSION

Myocardial scintigraphy with 201-thallium has proven to be of
great diagnostic value in recognizing coronary artery disease with
a sensitivity ranging from about 75-90%.25,26  This technique has
become the most widely used nuclear medical application in cardiology.

rFE

L
HEART -MTT [s]

Fig. 6. Left ventricular ejection fraction, as measured by the
gated blood pool technique, is correlated to the cardiac
minimal transit time., Each individual sign relates to
one patient. The solid dots relate to patients with left
ventricular aneurysms.
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It was tempting to check the potential diagnostic advantage of
combining 201-thallium myocardial scintigraphy with the minimal
transit time measurement and the gated blood pool analysis.

In a first study 33 patients with coronary artery disease in-
cluding 9 with a history of myocardial infarction were investigated
at rest and at peak exercise.

Figure 7 gives columns listing the number of patients with
pathological findings either on the thallium-scan, upon gated blood
pool analysis of ejection fraction and wall motion, or upon minimal
transit time measurements, at rest and at exercise. A pathological
score for minimal transit times was a significant prolongation; for
the gated blood pool study it was a wall motion abnormality and/or
a left ventricular ejection fraction below 557; for the thallium-scan
it was an accumulation defect. It is quite obvious that stress
testing, of course, increases the sensitivity of all procedures.

The highest sensitivity was obtained with the thallium-scan.

For evaluating the results of the 3 tests per individual at rest
and exercise, the group of 33 patients with coronary artery disease
was combined with additional 5 patients with the history of myocardial
infarction but without obvious ischemia, 5 patients with cardiomyo-
pathy and 10 normals, who, however, displayed some unspecific chest
complaints. The 20l-thalljum~scan gave the highest sensitivity of
85% with a specificity of 60%. For the gated blood pool analysis

Fig. 7. Thirty three patients with coronary artery disease under-
went examination for myocardial perfusion with 201-thallium,
for cardiac function by the gated blood pool technique or
by the minimal transit time measurement. The bars indicate
the incidence of pathological findings at rest and exercise.
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and the minimal transit time measurements about similar sensitivities
of about 707 were obtained with a highest specificity of 87% for the
gated blood pool study. When the values per patient were combined,

sensitivity and specificity was highest with 91 and 937 respectively.

Even if the thallium-scan gives the highest score, the low
gamma-energy, the relatively long half 1life of 75 hours, and the
price per examination is somewhat disadvantageous. Efforts are
being made to find 99m-Tc-labelled compounds that accumulate in the
myocardium as efficiently as does thallium. This search has appar-
ently been successful in studies on primates, as it was reported by
Deutsch et al.,2? for di-methyl-phosphino-ethane labelled with 99m-Tc.
This compound yields in the baboon high quality scans similar to
201-thallium.

3) MYOCARDIAL METABOLISM

In order to study metabolic reactions in vivo, it is necessary
to be aware of the principal metabolic pathways one wants to observe.
Moreover, attention must be paid to the proper tracer, the proper
substrate and the placement of the tracer on to the substrate so
that the reaction of interest may become observable. Also, one
should, whenever it is required, use counting techniques that permit
the distinction between the labelled substrate and its labelled cata-
bolite. Needless to say, the final choice for clinical use depends
on the diagnostic information obtained by the procedure.

Positron emission tomography has been elegantly used for analys-
ing uptake and turnover of various !1-C-labelled metabolites, es-
pecially fatty acids which are the main energy source of the myo-
cardium in the fasting state.28,29 yet positron emission tomographs
are expensive and rare and should be close to a cyclotron that pro—
duces the short lived positron emitters. But planar, i.e. simple
gamma—-camera imaging or single photon emission tomography is also
applicable to metabolic measurements and is therefore of wide interest
because of availability of the conventional imaging equipment.30

Prior to explaining the single photon imaging with labelled
fatty acids a short review of the principal pathways of fatty acids
in the myocardium is in order, as illustrated in Figure 8.

Free fatty acids are transported from the circulating blood
through the interstial space into the cell, obviously without need
of an active carrier system. Inside the muscle cell, there is a
pool of free fatty acids partially attached to myoglobin. The free
fatty acids are eventually bound to coenzyme-A on cytoplasmic mem-
branes, and the coupling is a prerequisite for all further biochemi-
cal steps. There is evidence that some of the activated fatty acids
rapidly enter mitochondria by the carnitine shuttle. A large frac-
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tion of the fatty acid coenzyme—-A is used for fatty acid intercon-—
versions and for the synthesis of triglycerides and phospholipids,
also for cholesterol-esters. Mainly triglycerides and possibly
phospholipids may serve as fatty acid reservoirs from which varying
energy demands may be answered.

Having entered the mitochondria by the carnitine shuttle, fatty
acids are metabolized by beta—-oxidation yielding acetyl-coenzyme-A
and protons. The latter are fed into the respiratory chain and the
acetyl-coenzyme-A either returns to the cytosol or is fed into the
Krebs cycle which produces COp and protons which are again fed into
the respiratory chain for oxidative phosphorylation. It is to be
understood that acetyl-coenzyme-A in the cytosol is the central
source for fatty acid de-novo synthesis, various acetylation reactions
and sterol synthesis and also for glucogenesis. Thus, carbon frag-
ments of fatty acids may be partially reutilized. Acetyl-coenzyme-A
is also the result of catabolism of glucose and aminoacids and enters
the Krebs cycle for generating protons for oxidative phosphorylation.
When glucose supply is large, there is a reduced demand for fatty
acid degradation.

Whereas fatty acid delivery to the cell largely depends on cor-
onary flow and perfusion pressure, intracellular fatty acid degra-
dation generally is governed by the energy demand and has been related
to ventricular work load, oxygen tension, pulse rate and action of
hormones. Metabolites, for example glucose, may partially substitute
for fatty acids as major source of energy. Answering energy demands
from any source depends on the integrity of the intracellular net
work of the metabolic reaction chains, especially on the integrity
of the mitochondrial apparatus.

It is clear that it is exceedingly difficult to measure by in
vivo nuclear medical techmiques a specific reaction in the fatty
acid degradative system and relate this to a specific disorder.

What has thus far been shown possible is the distinction between the
accumulation of fatty acid inside the cell and the rate of release
of activity. The latter will be shown below to signal fatty acid
degradation.

Thus far, the fatty acids shown in Figure 9 have been employed
for myocardial scintigraphy. 11-C-labelled palmitic acid obviously
is a physiological substrate and has been successfully used with
positron emission tomography for measuring fatty acid metabolism.28

123~I~heptadecanoic acid is an analogue of stearic acid; the
final methyl-group is replaced by iodine. ! Iodine labelled long
chain fatty acids were first used by Evans32 and by Poe33 and shown
to accumulate in the myocardium., 123-~I-heptadecanoic acid was shown
to behave kinetically similar to palmitic acid and was employed for
measugzng fatty acid utilization and turnover in the human myocar-
dium,
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Fig. 9. Some fatty acids presently employed in order to measure
myocardial metabolism.

123-I-phenyl-pentadecanoic acid is artifical.35,36,37 1t does
not follow the pathway of natural fatty acid but tends to become
trapped mainly in the triglyceride pool with a turnover in the cell
slower than palmitic acid. A similar behavior was shown for the long
chain erucic acid.38

Other fatty acids have been especially synthesized to prevent
beta-oxidation, thus permitting the observation of substrate accumu-
lation in the cell. There is the long chain fatty acid which carries
tellurium in the carbon chain and may be labelled by radioiodine or
by a suitable tellurium radioisotope.39 Another fatty acid in this
category is the 3-methyl-heptadecanoic acid that was shown to be
metabolically trapped in beta-oxidation.%40

Thus there are 3 groups of labelled fatty acids: 1) natural
fatty acids and their metabolic analogues, 2) the "artificial" fatty
acids that differ from natural fatty acids in that they get specifi-
cally and temporarily trapped in pools, 3) fatty acids that are en-
gineered in order to accumulate in mitochondria by virtue of being
trapped in beta-oxidation.

For the development of a diagnostically useful assay of myo—

cardial metabolism by planar imaging mainly 123-I-heptadecanoic acid
was chosen. It is also easily applied to single photon tomography.

Single Photon Imaging of Fatty Acid Metabolism

High quality images and turnover measurements with 123-I-hepta-
decanoic acid required the development of a correction procedure that
eliminates signal contribution from fatty acids in circulation or
from catabolites such as free 123-iodine.3% Frequent imaging over
the first 40 minutes after tracer injection and using this correction
technique thus creates time activity curves showing tracer accumu-
lation and wash out from the myocardium.
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The half times of the first component of tracer release from
the total left ventricular myocardium and for the individual myo-
cardial segments varied around 24 * 5 minutes at rest, and were some-
what yet statistically not significantly shorter at exercise.34

Examination of patients with coronary artery disease led to the
conclusion: 1) heptadecanoic acid accumulation defects correlate
with coronary artery stenosis or occlusion; 2) heptadecanoic acid
elimination rate for the entire myocardium may be normal; 3) hepta-
decanoic acid uptake and elimination is normal and areas with normal
perfusion; regions with accumulation defects have diminished, normal
or at times even increased elimination rates.

As shown by Dudczak et al.,42 the first and second components
of the elimination rate of heptadecanoic acid in normal individuals
as in patients with coronary artery disease promptly respond to an
infusion of insulin and glucose, in fact indistinguishable from the
response reported for 11-C-palmitic acid.29 This further supports
the elimination rates to be an expression of myocardial metabolism.

Both measurements, that of accumulation and of turnover, were
applied to investigate the effect of rehabilitation training in 8
patients after myocardial infarction. The elimination half times
for various myocardial regions after 1 year of rehabilitation training
following myocardial infarction improved in 5 of the 8 patients, and
3 patients showed no change or even a slight deteriorationm.4!

Of special interest is the application of 123-I-heptadecanoic
acid for noninvasively recognizing cardiomyopathies. The accumu-—
lation images of patients with early or advanced congestive cardio-
myopathy show gross, spotty heterogeneous distribution of the tracer
in the left ventricular wall, similar to images at times obtained
with 201-thallium and often not clearly distinguishable from those
of patients with coronary artery disease (Figure 10). We have assayed
the relationship between accumulation and turnover of the tracer in
groups of gatients with advanced and early congestive cardiomyo-
pathy.43a4 In contrast to results in coronary artery diseases, the
quality of regional tracer accumulation does not correlate with the
elimination half time in that region. Thus, accumulation and turn-
over of fatty acid in the various myocardial regions were unrelated
and discordant. Discordance between distribution of accumulation
defects and of altered elimination rates was also seen in patients
with early stage of congestive cardiomyopathy as illustrated in
Table 1. This data lets one speculate whether a systematic analysis
of fatty acid accumulation and elimination may considerably aid the
diagnosis of cardiomyopathy, in distinction from coronary artery
disease.
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Fig. 10. Myocardial scintigram following the injection of 123-I-
heptadecanoic acid in a patient with early stage of con-
gestive cardiomyopathy.

Positron Emission Tomography

Metabolic measurements are the primary domain of positron emis-
sion tomography. This technique is presently limited to few insti-
tutions only.

A variety of 11-C-labelled substrates has thus far been employed
for measuring myocardial metabolism; just to list a few:

(a) 1!1-C-palmitic acid28,29,31 served to measure myocardial fatty
acid metabolism and lS—F—deoxyglucose45’46 has been used for
measuring local glucose utilization and was shown to increase
in areas of myocardial ischemia, where fatty acid utilization
was depressed.

(b) 1l-c-acetate,47 13-N-glutamat48 and 13-N-ammonia#9 were tried
and data correlated with cardiac disease.

Local perfusion may be measured with 15-0 labelled 002.50
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Table 1. Regional Myocardial Elimination Half Times (Min)
of 123-I-Heptadecanoic Acid in Patients with
Congestive Cardiomyopathy in Early Stage
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FB. | 578 | 'S07 7 28 + R
RA. | a15 | 207 34+ e n
oA | 807 | 330 - 390 ++ Eeat
oH. | 304 | 2837 320 + B2,
RA. | 347 gg:g : 218 — ‘;&g :.
MG | 415 | 300 325 + e

++ = Acc. normat, + = Acc. diminished, — = Acc. bad

a = basal part, b = distal part

I would like here to draw attention to the potential use of
75-Br amongst the newer positron emitting radionuclides.’®! This
isotope is certainly easily handled chemically, and has the advantage
of a long enough half life of 97 minutes for permitting transport
from the cyclotron to the site of medical application. Figure 11
shows a dog heart on the left in a transmission image, and on the
right is the ECG gated diastolic emission tomographic image of the
myocardium taken at the level on the AV valves, after intravenous
injection of 75-Br labelled phenyl-pentadecanoic acid. This approach
appears practical and eventually useful for clinical research.

A potentially useful compound is 11-C labelled methylglu-
cose.52,53 This glucose analogue is transported like glucose across
the cellular membrane, but it is not metabolised. It is transported
back from the primary intracellular glucose pool into the circulation.
After a single injection of the tracer into a suitable vein, activity
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Transmission image Emission image

11. ECG-gated diastolic image of the myocardium registered by
positron emission transaxial tomography at the level of
A-V valves, after intravenous injection of 15(p-75-Br-
phenyl)-pentadecanoic acid in a normal dog. The trans-~
mission image is given for comparison on the left.

over tissue increases to a steady state between the concentration
in tissue and that in blood. The 2 values finally give a fixed ratio
for each tissue volume.

- By taking the blood concentration as internal standard, the

transport of methylglucose into tissue to equilibrium may be
selectively and quantitatively measured and relates to the rate
of activity of the sugar transporting enzyme.>4 At steady
state, tissue accumulation is readily seen when correction is
made for the blood pool, as shown in Figure 12 giving the ECG
gated diastolic image of the human myocardium registered by
emission tomography at mid ventricular level, after i.v. in-
jection of about 5 mCi 11-C-methylglucose.

The dual analysis of blood and tissue concentration mnot only
permits measuring glucose transport into the cell but also
promises to yield local perfusion.55 In normal myocardium

local perfusion was 0.68 ml/min/g average; in the subendocardium
local perfusion was 0.74 ml/min/g; and in the subepicardial
region it was 0.67 ml/min/g.

After transient ischemia in subendocardial areas the local glu-
cose transport rate was significantly reduced whereas the local
perfusion rate returned to normal values.

Conclusion

There has been an enormous advance over the past 10 years in

using radioisotopes in cardiology because of improvement of counting
and imaging devices, because of discovery of new useful radiopharma-
ceuticals, because of advancement of data processing techniques and

of new concepts of evaluation of data, Most important is the inter-—
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Fig.
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12. ECG-gated diastolic image of a human myocardium obtained

by positron emission transaxial tomography at mid ventricu-
lar level, after intravenous injection of 3-0-11-C-methyl-
D-glucose in a normal individual.

disciplinary awareness amongst cardiologists, nuclear medical special-
ists, physicists, nuclear chemists, engineers and mathematicians.

It is foreseeable that this broad approach continues to be rewarding
particularly emphasizing the elucidation of defined metabolic reaction
steps, i.e. biochemistry in vivo eventually with regard to many dif-
ferent enzyme reactions.
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CLINICAL TRIALS WITH ANTIAGGREGATING AGENTS IN THROMBOSIS
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Many agents capable of interfering with normal platelet function
in vitro have been described in recent years; most are nonsteroidal
anti-inflammatory agents. Not all these compounds have been shown
to affect platelet aggregation and adhesiveness in experimental
animals, but since animals do not develop spontaneous thrombosis,
the relevance of such experiments to clinical medicine is rather
tenuous. The only drugs suppressing platelet function that have
been evaluated in clinical trials are aspirin, sulfinpyrazone,
dipyridamole, hydroxychoroquine, clofibrate, flurbiprofen, and
lidocaine, all of which were originally used for other therapeutic
purposes. Even today one still has a poor understanding of the
relationship between some of their effects on platelets and a
potential antithrombotic effect. It is even uncertain whether the
latter property is due to their impact on platelets or to some other
unknown mode of action.

Aspirin does not inhibit the adherence of platelets to collagen
and subendothelium but is a clear inhibitor of platelet aggregation
and release induced by mild stimuli in vitro and in ex vivo experi-
ments. Aspirin has however unequivocal effects in experimental
venous, arterial and foreign shunt thrombosis in animals and was
even shown to enhance thrombosis at high doses. Aspirin is unable
to normalize shortened platelet survival in man.

Dipyridamole is a weak inhibitor of aggregation in vitro and
ex vivo but was shown to prevent experimental thrombosis in most
animal models. Moreover, it normalizes shortened platelet survival
in animals and man.
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Sulfinpyrazone is a poor inhibitor of platelet function in
vivo and ex vivo although it has a protective effect against experi-
mental thrombosis in animals. It also normalizes enhanced platelet
survival in man. There is meagre evidence that sulfinpyrazone may
be effective against the vessel wall.

PRIMARY PREVENTION OF MYOCARDIAL INFARCTION IN APPARENTLY
HEALTHY AND IN AGED INDIVIDUALS

In a prospective American trial in over 2,000 hyperlipemic men
(average age 42 years) free of coronary heart disease, treated with
clofibrate (2 g daily), a reduction in the incidence of angina
pectoris and non-fatal myocardial infarction but no statistically
significant reduction in overall mortality was obtained (Krasno et
al., 1972). However, major deficiencies in trial design and exe-
cution of the study prevent an unequivocal interpretation of the
data.

The World Health Organization (WHO) sponsored in Edinburgh,
Prague and Budapest a primary prevention, placebo-controlled trial
with clofibrate on the incidence of ischemic heart disease in
healthy men with a known cholesterol level (Report of the Committee
of Principal Investigators, 1980). In total 15,000 healthy blood
donors between 30 and 59 years were studied for an average of 5.3
years. The treatment group was given 1.6 g clofibrate per day.
The overall lowering of non-fatal ischemic heart disease was 207
in the clofibrate group. However, the number of deaths and the
crude mortality rates from all causes in the clofibrate group were
significantly higher than those in the control group, the excess
being particularly due to a group of noncardiovascular diseases
including malignant neoplasms.

Evidence is also uncertain for aspirin. While the Boston
Collaborative Drug Surveillance Group (1974) and Jick et al. (1976)
had hinted a protective effect of aspirin in the prevention of
myocardial infarction, subsequent follow-up studies, some of which
involved very large numbers, showed no relationship between the
regular use of aspirin and fatal or non-fatal myocardial infarction
(Hammond et al., 1975; Hennekens et al., 1978).

Also in a prospective placebo-controlled trial carried out in
a municipal old age home involving 430 elderly people (827% were
females), there was no evidence of any prophylactic effect of
aspirin (1 g/day) on the incidence of fatal or non-fatal myocardial
infarction after 1 year follow-up observation (Heikinheimo, 1971).

A double-blind between-patient study was therefore carried out
over 4 years in 291 institutionalized elderly males allocated at
random to receive either sulfinpyrazone (0.6 g/day) or a placebo
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(Blakely et al., 1975). At entry to the trial more than half of
these elderly men had clinical signs of atherosclerosis (coronary,
cerebral or peripheral arteries). No statistically significant
reduction in mortality could be demonstrated in the sulfinpyrazone-
treated patients.

The evidence available at present therefore does not allow the
recommendation for use of clofibrate, aspirin or sulfinpyrazone for
the primary prevention of myocardial infarction in apparently
healthy men or in elderly individuals.

ANTTAGGREGATING AGENTS IN PREVENTION OF A FIRST MYOCARDIAL
INFARCTION IN PATIENTS WITH ANGINA

In two Scottish trials 1.5 to 2 g clofibrate was given daily
for 5 years to patients who had only angina when admitted to the
trial (Research Committee of the Scottish Society of Physicians,
1971; Newcastle-upon-Tyne Physicians, 1971). There was a signifi-
cant reduction in all cardiac deaths, sudden death and non-fatal
death in the clofibrate-treated patients who had only angina when
admitted to the trial.

While clofibrate looked promising in the prevention of a first
myocardial infarction in patients with angina, this agent cannot -
because of major side effects - be recommended for long term use
(Committee of Principal Investigators, 1978, 1980).

PREVENTION OF RECURRENT MYOCARDIAL INFARCTION

The two Scottish trials discussed above and the Coronary Drug
Project Research Group (1975) failed to show a significantly bene-
ficial effect of clofibrate (1.8 g daily for 5 years) on cause-
specific mortality or total mortality in patients who survived a
previous myocardial infarct.

The first major double-blind trial of aspirin for the preven-
tion of death after recovery from myocardial infarction was reported
by Elwood et al. (1974). On the 1,239 males studied within 6 months
after discharge from hospital, half were given a low dose of aspirin
(0.3 g daily for 24 months) and half were given a placebo. After
12 months, the follow-up revealed that the treated group had a
cumulative mortality of 12.27 and the control group of 18.5%; at
no point during the study did this 247 reduction in mortality reach
a level of statistical significance. One defect of this trial was
that the 97 men who withdrew from treatment were not followed to
ascertain death or survival.
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Similar findings emerged from a second double-blind trial,
also set up by Elwood et al. (1979) to evaluate the prophylactic
effect of 300 g aspirin 3 times daily, started within 2 weeks after
infarction. After 1 year the all-cause mortality was 12.37 in the
aspirin-treated group and 14.87 in the control group, a not statisti-
cally significant difference of 177. The major weakness of this
trial is the high withdrawal rate from treatment (267).

In the study of the Aspirin Myocardial Infarction Research
Study Group (1980) 4,524 patients were randomly allocated to either
aspirin (1 g/day) or placebo for three years. Endpoints determined
before the beginning of the trial included total mortality, coronary
incidence (that is the combination of coronary deaths plus proved
non-fatal myocardial infarction) and fatal or non-fatal strokes.
Entry was eight weeks to five years after myocardial infarction and
analysis was by life tables and final outcome. As regards the
three endpoints total mortality, coronary deaths combined with non~
fatal myocardial infarction and fatal or non-fatal strokes, the
results for aspirin and placebo were almost identical.

In a German-Austrian multicenter trial 946 survivors of a myo-
cardial infarction were randomly allocated to aspirin, placebo or
phenprocoumon and followed during 2 years (Breddin et al., 1980).
There was little difference in total mortality among the three
groups, but sudden death and non-fatal recurrent myocardial infarc-
tion combined were significantly lower in the aspirin group than in
the placebo or phenprocoumon group.

In the "PARIS" Study (Persantine Aspirin Reinfarction Study
Research Group, 1980) 2,026 patients were randomly allocated to
three treatment groups; one group received 75 mg dipyridamole and
324 mg aspirin three times a day. The second group received the
same dose of aspirin with a persantin placebo, and the third group
(half the size of the two previous groups) placebo only. After 3
years of treatment, there was a trend in favor of aspirin and
dipyridamole, and of aspirin as compared with placebo, but stat-
istical significance was not achieved with regard to total mortality
(respectively 10.7%, 10.5% and 12.87%), coronary deaths and coronary
incidence. Life table analysis however showed that dipyridamole
and aspirin were significantly better than placebo at 4, 8, 12, 16,
20 and 24 months, and aspirin was significantly better than placebo
at 8 and 24 months. Subgroup analysis showed that the effects on
the three primary endpoints were much more marked in patients who
entered the study within six months of myocardial infarction.

Two major trials of sulfinpyrazone have been reported - the
"ART" Study (carried out by the Anturane Reinfarction Trial Research
Group (1978, 1980)) and the Anturane Reinfarction Italian Trial
(1982). 7TIn the ART trial 1,629 patients who had suffered a myo-
cardial infarction, were allocated at random to sulfinpyrazone
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200 mg four times daily, or to placebo, for 12 to 24 months. Entry
to the trial was 25 to 35 days after myocardial infarction. 43
deaths were regarded as "non-analyzible" according to criteria
defined in the protocol. Deaths from all causes and cardiac deaths
were reduced at up to 24 months, although conventional levels of
significance were not achieved. Although deaths from myocardial
infarction were almost identical in the treatment and placebo groups,
there was a marked and significant reduction in sudden deaths (437)
which took place almost entirely during the first six months of
treatment. An independent committee re-analyzed all deaths and
when the principles of a so—called clinical efficacy trial are
applied, their results are in general agreement with the original
report, although the levels of statistical significance are less
striking (The Anturane Reinfarction Trial Policy Committee, 1982).
If the data from the "ART" study are analyzed on an "intention-to-
treat" basis, including all patients and all deaths in the 24 months
follow-up, there were 74 deaths in the 813 sulfinpyrazone-treated
patients and 89 deaths in 816 placebo patients (p > 0.05) (McNicol,
1980).

The results of a similar trial with the same daily dose of
sulfinpyrazone were recently published (Anturane Reinfarction Italian
Trial, 1982). There are some important differences between the
American and Italian sulfinpyrazome trials, eg., all patients who
had a myocardial infarction, a stroke or a transient ischemic attack,
withdrew from the Italian trial. The death rate during the first
6 months in Italian placebo-patients (cardiac death rate 4.47 and
sudden death rate 2.5%) was much lower than in the American placebo-
patients (cardiac death rate 10.37% and sudden death rate 7.0%),
which may be due to less patients with recurrent infarction and
heart failure in the Italian trial. Therefore it is not surprising
that in contrast to the American trial, the Italian study did not
demonstrate a reduction in either total mortality or sudden death
rate. However, it did reduce the incidence of reinfarction during
the entire 24 months observation period (75 in the sulfinpyrazone
group, 34 in the placebo group).

PREVENTION OF GRAFT OCCLUSION AFTER AORTOCORONARY BYPASS SURGERY

Early occlusion of a coronary bypass is most often related to
the level of blood flow through the bypass which depends mainly
upon the size of the anastomosis and distal run-off. Late occlusion
is more related to the progression of the basic disease in which
platelet adherence to the graft wall could be an important factor.

A preliminary nonrandomized trial suggested that all groups
of patients who received dipyridamole, aspirin or oral coumarin
anti-coagulant drugs experienced higher survival rates over a 4
year observation period than control groups who did not receive
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one of these drugs (Hall et al., 1974). These findings were not
confirmed in a strictly randomized trial in which the protective
effect of aspirin (1 g daily), dipyridamole (0.225 g daily) and oral
anti-coagulants were compared to oral anti-coagulants. Six months
after coronary bypass surgery, the occlusion rate was similar in

the 4 treatment groups (Oblath et al., 1978). The treatment however
was started 3 days after surgery which may be too late to prevent
myo—intimal proliferation (Goldberg et al., 1979).

PREVENTION OF THROMBOEMBOLISM IN PATIENTS WITH PROSTHETIC
HEART VALVES

Newer materials employed in modern prosthetic valves are less
thrombogenic than the first artificial valves. Also the location
of the artificial valve is important, the mitral location being
associated with the highest thromboembolic risk. Oral anti-coagulants
provide a satisfactory protection provided the level of anti-coagu-
lation is effective, which requires frequent and accurate monitoring
of the prothrombin time. The risk of bleeding complications still
prevails and the potentially dysmorphogenic properties of oral anti-
coagulants in the first trimester of pregnancy constitutes a problem
in young women with cardiac valve replacement who wish to become
pregnant. These drawbacks explain the interest in the possible use
of antiaggregating agents, combined or not with oral anti-coagulants
in patients with synthetic heart valves.

The first double-blind trial demonstrated that dipyridamole
(0.4 g daily) given in addition to oral anti-coagulants resulted in
a greater protection (1.3% arterial emboli) than oral anti-coagulants
used alone (14.3% arterial emboli) (Sullivan et al., 1971). Several
other trials confirmed these findings although they all had a less
than satisfactory design (Arrants et al., 1970; Meyer et al., 1971;
Pell, 1975; Groupe de Recherche Pacte, 1978).

Two trials in which aspirin (0.5 g or 1 g daily) was given in
addition to oral anti-coagulants also had fewer thromboembolic
complications than patients receiving anti-coagulants alone (Altman
et al., 1976; Dale et al., 1977). Dipyridamole or aspirin preven-
tion alone does not result in a satisfactory protection (Isom et
al., 1973; Dale et al., 1977; Sutton et al., 1978). While a com-
bination of oral anti-coagulants and either dipyridamole or aspirin
results in a greater protection, one should not disregard the
incidence of bleeding induced by aspirin, which may be 7 to 15%
(Altman et al., 1976; Dale et al., 1977).
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ANTIAGGREGATING AGENTS IN PATIENTS WITH OBLITERATIVE
DISEASE IN LIMB ARTERIES

The most common cause of obliterative arterial disease in the
legs is slowly progressive atherosclerosis which is eventually
superimposed by thrombosis. The danger of the condition is the
underlying disease, as most patients die from a cardiac or cerebral
complication of atherosclerosis. The increased mortality in claudi-
cating patients corresponds approximately to the mortality rate one
would expect in an overall population aged 10 years older. The
message is therefore very clear. A patient with claudication is to
be treated first for the underlying illness and medical risk factors,
and not for the presenting symptoms. Abstinence from smoking,
appropriate diet and physical exercise are therefore the first
treatment guidelines while percutaneous transluminal dilatation and
reconstructive surgery often relieve the most severe cases.

There is a widespread interest in the use of antiaggregating
agents in patients with atherosclerotic limb arteries as thrombosis
of a stenotic lesion is a rather frequent event. Damaged endo-
thelium and other atherosclerotic lesions may activate platelets
which in turn accelerate the atherogenic obliterative process.
Inhibition of platelet deposition, aggregation and release would
then in the long run be beneficial in these patients.

There are very few well controlled trials demonstrating that
antiaggregating agents are ciinically effective in patients with
intermittent claudication. A recent double-blind trial suggests
that ticlopidine (0.5 g daily) decreases the extent of cutaneous
lesions (Katsumara et al., 1980). This study has so far not been
confirmed.

Aspirin (1.5 g daily) has been used after arterial thrombo-
endarterectomy and found to increase the patency rate after 1 year
from 11.27 in the control group to 22% in the aspirin~treated
patients (Ehresmann et al., 1977). Similar findings were obtained
after a 2 year follow-up with either aspirin alone (1 g daily) or
in combination with dipyridamole (0.225 g daily) (Bollinger et al.,
1978, 1981). This beneficial effect of aspirin was obtained in
patients subjected to endarterectomy, not after venous bypass
operation. It should be noted that arterial endarterectomy is at
present an almost abandoned operation.

None of the published trials with sulfinpyrazone after per-
ipheral arterial surgery resulted in a beneficial effect (Blakely
et al., 1977; Rodvian et al., 1978).

Several reports have appeared on the beneficial effects of
aspirin (0.3 to 1 g daily) in patients with thrombocytosis and
intermittent arterial ischemia. The painful "blue toe" syndrome is
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the consequence of a blocked microcirculation due to platelet emboli
or spontaneously aggregating platelets. Aspirin immediately relieves
the pain; treatment of the underlying disorder will prevent further
ischemic attacks in toes or fingers (Vreeken et al., 1971; Bierme

et al., 1972; Preston et al., 1974). Similar symptoms can also
result from platelet emboli originating on ulcerated atherosclerotic
plaques.

PREVENTION OF TRANSIENT CEREBRAL ISCHEMIA

The most important warning symptoms of impending stroke are
Transient Ischemic Attacks (TIA's), which are focal cerebral dys-
functions, rapid in onset, variable in duration, lasting 2 to 15
minutes but no longer than 24 hours. Each attack leaves no persis-
tent neurological deficit. In general, TIA's have a bad prognosis;
25 to 40% of patients with TIA's will eventually develop cerebral
infarction within 5 years. The risk of stroke in the first year
after TIA may be over 157.

The origin of TIA's and stroke is multicausal and deals with
a variety of heart diseases, blood vessel disorders, hypertension
and blood disorders. Considering the multicausal origin of TIA's
and stroke and the uncertainty of the role of platelets in many of
them, it may be questioned whether administration of an antiaggre-
gating agent may ever result in therapeutic large scale benefit in
such a mixed population. The effectiveness of antiaggregating
agents would certainly increase, could one predict which patients
have an increased risk for fibrin-platelet emboli as the specific
cause of their TIA.

A controlled clinical trial in America compared aspirin (1.3 g
daily) in patients with a history of TIA's. The endpoints were the
recurrence of TIA's, stroke and death. Aspirin did not reduce
significantly these endpoints at 24 months of follow~up. Subgroup-
analysis revealed that patients who had multiple TIA's before
entering the trial and those with angiographically demonstrated
lesions of the carotid artery had after 24 months a significant
reduction of the absolute endpoints death and stroke combined
(Fields et al., 1977, 1978).

The Canadian Cooperative Trial (1978) concerns patients who
had experienced at least 1 TIA in the 3 months before entry in the
trial. They were randomized for an average of 26 months to aspirin
(1.2 g daily), aspirin (1.2 g) plus sulfinpyrazone (800 mg), sul-
finpyrazone alone (800 mg) or placebo. Aspirin reduced the risk
of continuing TIA's, stroke or death by 197 (p<0.05) and also the
risk for the harder, more important events of stroke or death by
31% (p<0.005). For sulfinpyrazone, no risk reduction of TIA was
observed and only a 10% (p > 0.05) reduction of stroke or death.
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No overall synergism was observed between the 2 drugs. The aspirin
effect was not observed in women and was less marked in patients
with diabetes, hypertension or previous myocardial infarction.

In a more recent Swedish trial the combined effect of aspirin
(1 g daily) and dipyridamole (0.15 g daily) appeared during the
first year of follow-up to be in TIA patients as effective as oral
anti-coagulants against stroke (Olsson et al., 1980).

One can therefore conclude that aspirin reduces significantly
in the first 2 years the recurrence of TIA's, stroke or death in
male patients with a recent transient ischemic attack. Many neur-—
ologists consider that patients with TIA's in whom arteriographic
examination reveals a surgically accessible lesion, should be
operated first and subsequently take aspirin. Considering the
prominent role of hemodynamic processes which apparently are con-
siderably more frequent than solely occlusive factors in the patho-
genesis of TIA's in a general population (Herman et al., 1981), a
complete clinical and technical examination of the patients is
mandatory before any treatment is decided.
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Among the new diagnostic methods in cardiology, echocardiography
is certainly the most informative. The field has grown so rapidly
in recent years that it is almost impossible to keep up with the
new technical developments and their application in patient care.
The principle of the method is based upon the detection of echoes
produced by a beam of short ultrasound pulses transmitted into the
heart. Ultrasound is harmless at the energy levels used. The
examination can thus readily and repeatedly be used without untoward
effects to the patient making it the ideal method for serial analysis
and follow-up studies.

It is important to appreciate some distinct differences between
echocardiography and X-ray imaging for a better understanding of
its specific applications. With ultrasound local changes in
acoustic impedance along the sound beam pathway are registered.
X-ray techniques register cumulated attenuation of energy along the
pathway so that cardiac structures are superimposed in depth and
seen as shadows. As a result, the specific details of intracardiac
anatomy and pathology such as the attachment and morphology of the
atrioventricular valves, the interventricular septum, mass lesions,
etc. are better documented with ultrasound that with X-ray techniques.

Since its introduction in 1954 by Edler and Hertz! to the mid
1970"s, M-mode echocardiography has been exclusively used and its
clinical value and limitations are well established.2»

The ultrasound beam is aimed manually at selected cardiac
structures and a 'diagram" showing how the position of these
structures change during the cardiac cycle is obtained (time-motion
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display of B-mode or intensity-modulated echoes). The high sampling
rate (1,000 transmit-receive cycles/sec) permits recording of
rapidly occurring events (e.g. valve opening, closure and fluttering)
and facilitates measurement of cardiac dimensions and the analysis
of time relationships with other physiological parameters (e.g.
simultaneously recorded pulse and pressure tracings). The method
however, does not provide information on the spatial relationships

of different cardiac structures to each other. This can be
accomplished by rapidly and automatically moving the ultrasound beam
through a section of the heart to create a 'tomographic image"
yielding instantaneous structure information and thus cardiac anatomy
in motion (Fig. 1).

Fig. 1. Diagram illustrating the relationship between the two-
dimensional and the M-mode echocardiogram. The motion
pattern of the small part of the mitral valve hit by the
sound beam is accurately tracted (1,000 transmit-receive
cycles/sec). However, no information on its anatomical
relationships is obtained. This is available from the
two dimensional images.

The spatially oriented display of two-dimensional echocardi-
ography allows information to be appreciated and utilized which is
meaningless in the absence of such a spatial reference. This allows
a multitude of cardiac cross-sections to be imaged from several
chest wall transducer positions (parasternal, apical, subcostal and
suprasternal) providing a wealth of diagnostic information.
Recently, the American Society of Echocardiography (ASE) has pub-
lished recommendations for nomenclature and image orientation
standards.? Such standards obviously are needed to make studies
from different laboratories comparable. Building up a two-
dimensional image requires time limiting the frame rate which is
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25 or 30 frames/sec. As a consequence, two-dimensional echocardi-
ography is less suitable for analysis of functional abnormalities.
The relative advantages of M-mode and two dimensional echocardi-
ography are listed in Table 1.

Table 1. Relative Advantages of M-Mode and Two-Dimen-
sional Echocardiography

M-mode echocardiography

~ Excellent time resolution

- Accurate dimensional measurements

- Timing of events against other parameters
- Easy storage and retrieval of data

Two-dimensional echocardiography
- Anatomical relationships

- Shape information

- Multiple tomographic views

- Complex motion patterns

- Easier to understand

It is obvious that both methods are complementary and best
used in combination for a comprehensive analysis of cardiac
conditions where anatomic and functional abnormalities overlap.
Because the "ultrasonic windows" to the heart are limited by the
ribs and lungs, all presently used two-dimensional imaging systems
are of the sector type, either mechanical or electromic. Compara-
tive advantages and limitations of each tupe of instrument are
continually changing and their sophistication is increasing which
makes differences between them less pronounced.6

Mechanical scanners use an oscillating or a rotating scan
head. The principle of image formation in the oscillating systems
relies on the rapid pivoting motion about a fixed axis of a single
transducer by means of a magnetic deflection mechanism. In the
rotating systems, several transducers are mounted on a spinning
wheel inside a fluid-filled scanning head and are active when they
pass over the heart. Signals from the scanning heads are used to
steer the oscilloscope beam in the same manner as the ultrasound
beam to create a tomographic image. Advantages of the mechanical
scanners are their relative simplicity, the possibility to adapt
them to existing M-mode units, and the retention of the straight-
forward resolution characteristics of a single crystal.

Phased-array scanners make use of a small stationary trans-—
ducer with multiple small elements. They are all utilized in
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producing each of the individual ultrasound beams which comprise
the sector image. The ultrasound beam is steered electronically
through the scan plane by firing them in an extremely rapid and
precisely controlled sequence. These systems are very complicated
and, hence, the most costly. Despite the necessary complexity,
they offer the possibility for reducing the effective beam width
by dynamic focusing, a feature not possible with mechanical
scanners. Their major advantage is that they can simultaneocusly
display the two-dimensional image while repeatedly sampling areas
of the selected scan plane for M-mode recording. An alectronic
cursor superimposed on the display is adjusted to the desired
position and the appropriate B-mode lines are printed on a M-mode
strip-chart recorder.

In order to document two—dimensional images we presently
make use of digital scan converters which allow to change the image
into a standard TV format. They comprise a matrix of memory cells
(typically 512 x 512 elements, each called a "pixel"™). When fully
loaded, the memory matrix can be "read" in any desired sequence,
e.g. as a series of horizontal lines to form a TV image for a video
recorder, or as a series of vertical lines to enable it to be printed
along with the M-mode on a strip-chart recorder. Digital stored
images offer additional advantages since they can be manipulated in
a number of ways. Alpha-numeric data (e.g. patient identification)
can easily be added, various techniques can be employed to enhance
the image quality, and measurements can be made directly from the
displayed image using a light-pen or a joystick—controlled cursor
and the results encoded in the image.

These capabilities allow accurate and reproducible measure-
ments of the mitral valve orifice area from parasternal short
axis views in patients with mitral valve stenosis.’»8 They further
enhance and simplify segmental wall motion analysis in patients with
coronary artery disease.? Most of their attractiveness, however,
lies in the measurement of left ventricular volume and quantitation
of left ventricular function. The extreme accuracy reported in
vitro and in animal studies proves that the models and formulas
applied are satisfactory and suggest that quantitation is an
obtainable goal.lo’11 The reported results in patients, however,
are less convincing.lz’15 It seems that accurate measurement of
left ventricular volumes in humans using two-dimensional echocardi-
ography must await further instrument improvements and better
display techniques.

Pulsed Doppler echocardiography is gaining increasing interest
and currently undergoing intensive evaluation. The method uses
the frequency shift of an ultrasound beam backscattered from the
red blood cells and allows to detect the nature, direction and
velocity of blood flow at one point (sample volume) within the
heart and great vessels. Doppler echocardiography provides data




ECHOCARDIOGRAPHY 157

on the integrity of valve function and detection of septal defects
but this information is qualitative at its best.l Doppler evalua-
tion should nevertheless be considered as part of a comprehensive
cardiac evaluation and is optimally used in conjunction with M-mode
or preferably two-dimensional echocardiography. Some newer units
offer these integrated capabilities, all information being obtained
from one and the same transducer (Fig. 2). Such a combination with
multigate, digital Doppler technique promises to obtain two-
dimensional images similar to cineangiocardiograms, in which
valvular regurgitation or shunting blood flow is translated directly
into an anatomic form of display.

Fig. 2. Phased array sector image of a patient with tricuspid
regurgitation. The imaging plane is a foreshortened
four chamber view. The cursor indicates the B-mode line
from which the M-mode echocardiogram is obtained and
passes through the tricuspid valve. The position on the
B-mode line of the range gate from which the Doppler is
sampled is indicated by the arrow. The M-mode echo-
cardiogram is shown below and the position of the sample
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volume (SV) is here indicated by the straight line on the
tracing. The Doppler shift indicating flow velocity and
its direction and the M-mode cardiogram are recorded
simultaneously. Laminar flow is represented by a narrow
band of dots and turbulence by a broad band of dots. By
convention, deflection of dots above the baseline indicates
an increase in flow velocity toward the transducer and flow
away from the transducer is indicated by the dots below the
baseline. Note the systolic flow away from the trans-
ducer indicating tricuspid regurgitation. ECG: electro-
cardiogram, PCG: phonocardiogram, TV: tricuspid valve.

With presently available single sample volume instruments,
accurate quantitation of volume flow is not possible and this
possibility should probably be awaited with cautious optimism.

Contrast_echocardiography is the technique of injecting an
echoproducing biologically compatible solution into the blood-
stream and using M-mode and two-dimensional techniques, observing
the bloodflow patterns as revealed by the resulting cloud of
echoes. The method is increasingly used and makes it possible
to derive information that was heretofore available only from
cardiac catheterization and angiocardiography. The source of ultra-
sound contrast is microbubbles of air present in the injectate.l’
Dextrose 5% in water, saline, and indocyanine green dye are the
most commonly used contrast agents. Right sided structures are
delineated by peripheral venous injections, and left sided structures
are opacified by injections performed directly into the left heart
chambers during cardiac catheterization (Fig. 3).18 The clinical
applications of contrast echocardiography are indicated in Table 2.
Since echocardiographic contrast is entirely removed from the circu-~
lation by the pulmonary capillary bed, the appearance of contrast
in the left heart after a peripheral venous injection is diagnostic
for a right-to—-left shunt. Shunts as small as 57 can be detected.
The method thus provides a sensitive means to diagnose uncomplicated
atrial septal defects as a small right-to-left shunt is always
present in this condition.

The technique is extremely useful in complex congenital heart
disease helping to diagnose the various intracardiac connections
and communications and to visualize the shunting blood flow (Fig. 4).
The method is further helpful to diagnose tricuspid regurgitation.
Normally contrast injected in an upper extremity flows from the
superior vena cava into the right atrium and right ventricle without
retrograde flow into the inferior vena cava. In patients with
tricuspid regurgitation, however, it can be detected in the inferior
vena cava and hepatic veins during the '"v'" wave on the right atrial
pressure tracing. Timing of its appearance is much easier from
M-mode than from two-dimensional studies. Kerber et al. were using
the technique during cardiac catheterization for the identification



ECHOCARDIOGRAPHY 159
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Fig. 3. Stop-frame photographs of parasternal long axis views of
a patient with mitral valve stenosis before (panel A) and
after injection of echo contrast via a catheter in the
left ventricle. Panel B shows a frame recorded during
diastole. The negative shadow caused by the noncontrast
blood flowing from the left atrium into the ventricles
visualizes the transmitral blood flow pattern. During
systole (panel C), the echo contrast does not pass into
the left atrium, excluding mitral incompetence. A:
anterior; AP: apical; BA: basal; IVS: interventricular
septum; LA: left atrium; LV: left ventricle; MV: mitral
valve; P: posterior. (From Roelandt J et al: Contrast
echocardiography of the left ventricle. In Rijsterborgh
H (ed),"Echocardiology', M. Nijhoff, The Hague, 1981,

p 219-232).

of valvular regurgitation and regurgitant volumes as small as 10%

of the forward stroke volume can be demonstrated.2l Recent studies
have shown that injections in the pulmonary wedge position can cause
contrast to appear on the left side of the heart and may enable us
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Table 2. Clinical Applications of Contrast Echocardiography

Structure identification (M, 2-D)
- Diagnosis (or exclusion) of shunts
Localization (2-D)
Direction shunting blood flow (M, 2-D)
Timing (M)
~- Complex congenital heart disease (2-D)
- Valvular insufficiency
Venous injections: tricuspid and pulmonic (M)
Catheter injections: aortic and mitral (M, 2-D)
- Intracavitary and transvalvular flow patterns (2-D)
- Videodensitometric analysis of echo contrast
- Improved quantitation of left ventricle (2-D)

M, 2~D: indication for which points M-mode or two-
dimensional echocardiography offer relative advan-—
tages.

to visualize left-to-right shunting.22 There are several interest-
ing additional future prospects for contrast echocardiography.

Recent studies have suggested that quantitative videodensitometric
techniques may allow to measure ejection fraction and cardiac
output,2 and to quantify intracardiac shunts24 from two- dimensional
contrast echocardiograms.

Exercise echocardiography is a recent experimental technique,
Its important limitations at present are that successful exercise
studies are technically difficult to perform and that there is a
large proportion of patients in whom adequate study for analysis
are unobtainable. Nevertheless there are some important advantages
to this method. It allows to study cardiac physiology during
exercise?d and to detect left ventricular dysfunction in selected
patients with coronary artery disease.20 Because of the method-
ological difficulties, the method will probably not become a
routine clinical screening method but may gain wider application
in the investigation of normal and abnormal physiology in the
future.

Summary

The combined use of two-dimensional and M-mode echocardio-
graphy complemented with contrast and Doppler techniques makes
echocardiography an extremely accurate noninvasive method for
the diagnosis of various cardiovascular diseases. It should be
realized, however, that despite its apparent simplicity and safety,
echocardiography is a difficult procedure to perform and that the
interpretation of the results are subject to many pitfalls. It
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Fig. 4

Apical four chamber views obtained from a patient with an
atrial septal defect of the primum type. The defect is
indicated by the arrow on panel A. Panel B shows opaci-
fication of the right-sided heart after peripheral venous
injection of 5 ml of dextrose 5% in water. Echo contrast
is seen in the left ventricle indicating right-to-left
shunting. The negative contrast effect proving the atrial
septal defect is seen on panel C (arrow) when noncontrast
blood flows from the left atrium into the right atrium.

A bidirectional shunt is demonstrated. AP: apex; BA:
basal; L: left; R: right; LA and RA: right and left
atrium; LV and RV: left and right ventricle. (From
Roelandt J et al: Contrast echocardiography: clinical
applications. Verh Dtsch Ges Herz u Kreislaufforschg

47: 185-192, 1981)
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appears that routine cardiac catheterization is presently being
displaced from its dominant role for the preoperative assessment
of patients with congenital and valvular heart disease.2? Refine-
ments of the technique will further increase its role in the
diagnosis and management of cardiac patients.
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HIGH BLOOD CHOLESTEROL AND HIGH BLOOD PRESSURE:
STATE OF KNOWLEDGE TODAY AND IMPLICATIONS FOR PREVENTION
AND CONTROL OF EPIDEMIC ADULT CARDIOVASCULAR DISEASE

Jeremiah Stamler

Department of Community Health and Preventive Medicine
Northwestern University Medical School
Chicago, Illinois, U.S.A.

INTRODUCTION

This presentation aims to review the key data sets on the role
of elevated serum cholesterol and elevated blood pressure in the
production of mass premature coronary heart disease (CHD). 1Its pur-
pose is to set down the information needed by the health professions
and the general public to act effectively in the growing effort to
control the contemporary CHD epidemic in the industrialized countries
and to prevent its emergence in the developing countries. To aid
in accomplishing this objective, a most useful document is the just
published report of the World Health Organization Expert Committee
on the Prevention of Coronary Heart Disease!, This document sum-
marizes current knowledge on these matters and on that basis presents
an effective strategy for the health services and the general public
for the effort to control this epidemic. (For an extensive review
of the research literature in this field - i.e., the scientific basis
of the preventive effort - see also the recently published Volume 2
of the Report of the Working Group on Arteriosclerosis of the U.S.
National Heart, Lung, and Blood InstituteZ2,

THE STRATEGIC ' TMPORTANCE OF PRIMARY PREVENTION

First, a set of data dealing with the very important question
of why a strategy emphasizing primary prevention - the prevention
of the first CHD episode - is crucial for control of this disease
(Figure 1)354, These are data from five major long-term prospective
studies of populations in the United States, the Pooling Project
study, involving 7,545 men originally aged 30 to 59, free at base-
line of evidence of definite CHD and followed for almost 10 years.
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Fig. 1. U.S. national cooperative Pooling Project; sudden death
and acute mortality with first major coronary events, men
age 30-59 at entry, pooled data from five studies, ex-
perience over the first 10 years of follow-up; first major
coronary events were definite non-fatal myocardial in-
farction, sudden (53 hours) coronary death, non-sudden
coronary death (>3 hours—! month)3,4,

There were 585 first major coronary events during that time, of
which more than a quarter (27%) were sudden deaths, and another 177
were non-sudden deaths with this first episode. (Sudden death was
defined as observed death within 3 hours of onset of sickness in
people previously well and without a history of definite CHD). Al-
together, 447 of these first coronary episodes ended in death, in
these men originally age 30 to 59, a typical experience with this
disease all over the world®, About 70% of the deaths occur so rap-
idly that no medical care can be brought to bear and there is not
time for hospitalization. For the 567 surviving the first attack,
risk of dying in the next five years is increased about five times
compared to similar men without a history of such an event, with
most of the excess risk due to CHD, and with almost half the deaths
being sudden death.

These data not only emphasize that this is a grim and difficult
disease. More relevant practically, they also make the point that
if we are to make major progress against a disease with this natural
history, the fundamental strategic emphasis must be on primary pre-
vention. Note that this is also fully in keeping with the lessons
from past control of mass disease. The triumphs against infectious
disease and against under—nutritional disease were achieved first
and foremost by primary prevention, prevention of the disease from
ever developing, based on approaches from infancy on, often long
before people reached the stage of life when the mass occurrences of
the diseases take place.
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The second point I want to make on this matter is an elaboration
of the remarks made by Finn Monahan on the roots of epidemic disease.
Over a hundred years ago, one of the great founders of modern medi-
cine — Rudolph Virchow - pointed out that when disease occurs at
very high epidemic rates, this is due to, "... disturbances of human
culture"6. 1In the case of CHD and the other atherosclerotic diseases
afflicting both the middle—aged and the elderly in the industrialized
countries at epidemic rates, the disturbances of human culture are
mainly the "rich" diets, the cigarette smoking habit, the sedentary
life-style all so widely prevalent in these countries in the second
half of the 20th century, for the first time in human history. The
consequence is that the major atherosclerotic disease risk factors,
including high blood cholesterol and high blood pressure, are present
at very high levels throughout the population, assuring the mass oc-
currence of these diseases.

SERUM CHOLESTEROL

Extensive data on the relationship of serum cholesterol to CHD
risk are available both from studies comparing different populations
(inter~ or cross-population studies) and within-population studies.
Figure 2 is from the invaluable Seven Countries Study of 16 cohorts
in northern Europe (Finland, Netherlands), southern Europe (Italy,
Greece, Yugoslavia), Japan, and the U.S.A./. Each cohort is a large
group of men age 40-59 at baseline and free of evidence of definite
CHD. Each circle in this Figure represents the population average
for serum cholesterol, i.e., a group value, one for each of the 16
cohorts. As is evident, the northern European groups had high mean
values of serum cholesterol (especially the East Finns - about 270
mg/dl), as did the Americans, and high CHD rates. In contrast, the
southern European and especially the Japanese cohorts had much lower
mean cholesterol values and lower CHD rates. The relationship be-
tween population mean serum cholesterol and risk of fatal CHD is
strong and significant statistically.

Table 1 takes us from comparisons of populations, in which the
only statistic is the average for a whole population, to the situation
within populations. In this case, data are again from five studies
of the Pooling Project in the U.S.A.8:9. Each of 8,247 middle-aged
men is classified - based on his entry serum cholesterol — into one
of five quintiles, the lowest 207, the next 207, etc. From the
third quintile on, the higher the serum cholesterol level, the
greater the risk of a first major coronary event before age 65.
Compared to men in quintiles 1 and 2, those in quintiles 3, 4, and
5 had a progressive increase in risk, of 15Z, 647, and 997 respect-
ively. Thus, 607 of the population was at greater risk compared to
the two lowest quintiles, with serum cholesterol values under 220
mg/dl. This clearcut relationship was registered with only one
measurement, with all its limitations because of fluctuations of
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Fig. 2. Seven Countries Study; relationship between population
cohort median serum cholesterol at entry and i0-year rate
of coronary death; B is Belgrade faculty, Serbia, Yugoslavia;
C is Crevalcore, Bologna Province, Italy; D is Dalmatia,
Croatia, Yugoslavia; E is east Finland; G is Corfu, Greece;
I is Rome-based Italian railroad workers; K is Crete, Greece;
M is Montegiogio, Marche Region (near Ancona), Italy; N is
Zutphen, The Netherlands; R is northwest U.S. railroad
workers; S is Slavonia, Croatia, Yugoslavia; T is
Tanushimaru (farming village), Kyushu, Japan; U is
Ushibuka (fishing village), Kyushu, Japan; V is Velika
Krsna, Serbia, Yugoslavia; W is west Finland; Z is
Zrenjanin, Serbia, Yugoslavia’,

individual levels and because of laboratory errors (even in research
laboratories!).

Note the overall high risk of these American men in the 1950s
and 1960s — 221.4 chances per 1,000 of a first major coronary event
by age 65, almost | chance in 4, the epidemic onslaught of premature
CHD.

Based on these data, it was possible to estimate the proportion
of all these coronary attacks attributable to hypercholesterolemia,
levels of about 220 mg/dl and above - about 257 of all attacks.

What are key environmental factors that influence the serum
cholesterol level of populations and individuals? They are first and
foremost the components of the habitual diet, especially its fat
components. The higher the saturated fat and cholesterol in the
diet, the higher the serum cholesterol level (all else being equal),
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Table 1. Serum Cholesterol and Risk of a First Major Coronary Event
Between Ages 40-64 (8,274 White Men, Pool 5, Pooling Pro-
ject, Final Report)

Absolute
Quintile of Number Risk of Excess Per Cent

Level and of An Event Relative Risk of all
Level (mg/dl) Events per 1,000 Risk per 1,000 Excess
1+11 <218 166 162.7 1.00 -— -
1 <194 86 172.4 —— -— -
11 194-218 80 153.0 -— - -
111 218-240 104 186.8 1.15 24,1 8.37%
1V 240-268 167 266.3 1.64 103.6 35.87
v >268 210 324.1 1.99 161.4 55.8%
ALL 647 222.4 - —— —

Qi11-QV_Excess Events, 3,000 Men _ _ 289.1 _ 25637

All Events, 5,000 Men 1,112.0 T

of all events are excess events, attributable to
hypercholesterolemia.

as well illustrated in the data from the Seven Countries Study¥*
(Figure 3, upper)’/. (In contrast, dietary polyunsaturated fat has

a modest serum cholesterol lowering effect). And the higher the
saturated fat and cholesterol in the diet of populations, the greater
their coronary risk (Figure 3, lower)’/. This is true also for indi-
viduals within a population!Q, 1In addition, diets low in fiber, as
well as high in cholesterol and saturated fat, tend to be associated
with high serum cholesterol levels.

Correspondingly, changes in diet pattern - with sizeable de-
crease in saturated fat and cholesterol intake, moderate increase in
intake of polyunsaturated fat and fiber (particularly of the pectin
and gum types, from fruits and from legumes) - produces marked re-
duction in serum total cholesterol and its most atherogenic fraction
(LDL-cholesterol) and in serum triglycerides, with little change in

*Dietary cholesterol was not measured in the Seven Countries Study.
However, extensive data from other epidemiologic studies, from
controlled nutritional experiments in man, and from animal research,
indicate its important influence on serum cholesterol and risk of
atherosclerotic disease“.



170 J. STAMLER

240
2 2201k CHOL. = -IT0 + 196 Y ®
>
x| o
3
% 200 + @ /
N
(a) &
+ / ®
<
f.‘—,’ 180 | © o ® ® r=0.90
> %
65k
[ 1 1 1 1 1 1 1 A 1 1 1 1
155 160 180 200 220 240 260 270
CHOLESTEROL, mg PER 100 mi SERUM
E —
< ®
§ 600 |-
g
x [ Y =- 83+ 25.1X
a r = 0.84
[72}
E 400 ©
() &
x - ®
g 200 |-
] () C) ()
.
= L
: g
T o 1 i /R\ 1 1 n
> o 5 10 15 20

X=% DIET CALORIES FROM SATURATED FAT

Fig. 3. Seven Countries Study; upper graph: relationship between
population cohort mean intake of dietary saturated fat and
polyunsaturated fat as per cent of total calories, and
median serum cholesterol level at entry; lower graph:
relationship between population cohort mean per cent of
total calories from saturated fat at entry and 10-year
rate of coronary death; for identification of the cohorts?,
see legend for Figure 2.

the putatively protective fractions (HDL and HDLy). These changes
are well illustrated by the findings with Diet C of the recent study
on Dutch monks (Table 2)”. Note that the fall in serum total
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Table 2. Diet Composition and Change in Serum Lipids-Lipoproteins
Controlled Experiment, 12 Healthy Dutch Monks

Reference Fat-Modified High-Fiber

Diet Diet

Fat-Modified

Nutrient A B Diet C
Protein-7 Cal. 14 14 14
Vegetable Protein-% Protein 34 34 52
Fat-7 Cal. 40 27 27
Polyunsaturates-7 Cal. 5.2 8 8.7
Saturates-Z Cal. 19.3 8. 8.7
Cholesterol-mg/2,500 Cal.® 617 245 252
Available Carbohydrate-Z Cal.* 46 59 59
Fiber-g/2,500 Cal.® 19 20 55
Pectin-g/2,500 Cal.’? 1.2 1.8 6.3

Serum Lipid-Lipoprotein-

Reference Fat-Modified High-Fiber

Per Cent Change Diet Diet Fat-@odified
A B Diet C

Total Cholesterol - -21.67Z -29.2%
LDL Cholesterol - -26.5% -34,5%
HDL Cholesterol - -12.07% -10.6%
HDL, Cholesterol - -34.67 -11.5%
Total Triglycerides - 0.07% -20.87%
VLDL Triglycerides - + 4,87 -19.07%
Ratios

Total Chol./HDL Chol. 4,49 4.02 3.56

LDL Chol./HDL, Chol. 17.7 19.9 13,1

Mpnergy intake varied from 1,550 to 4,250 Cal/day.
*Mono- and di-saccharides contributed 18-207% of calories.

cholesterol was a substantial 29%; in LDL-cholesterol, 347. Corres-—
ponding results were obtained in a Boston study of a population
group eating a predominantly vegetarian diet low in animal products
(Table 3)12.

Figure 4 illustrates — from the experience of the Framingham
population - the effect of caloric balance on serum cholesterol
(and glucose, uric acid, and blood pressure as well) 13, caloric
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Table 3. Serum Cholesterol and Lipoprotein Levels in "Macrobiotic"
Vegetarians and Controls in Boston

Serum Cholesterol-mg/dl

Weight
Group Total LDL VLDL HDL kg.
115 Controls 184£37 118+34 17.2%11.0 49%12 7315
115 Vegetarians 126%30 73124 11.8+ 7.0 4311 58+ 9

Mean Difference  58*48%%% 45144%%% 5.4%13,.3%%% ft]15%k%]5+]6%%%

% Difference -31.5% -38.1% -31.47% ~-12.2% -20.57%

Mean Differencel 55%53%%% 39+46%%* 4.6%14 4% 9+17%* (0 9

Ayeight matched pairs - N = 42,
* ps.05
**% p<.0l
**%p<.001

balance is, of course, a resultant of both diet and physical activity.
With weight gain, especially on a diet high in saturated fat and
cholesterol, serum cholesterol rises; with weight loss on an ordin-
ary or a fat-reduced diet, it falls. The changes can be sizeable,
even with modest changes in weight. The Multiple Risk Factor Inter-
vention Trial demonstrated this in extenso in its large group of
free-living menl!4. For obese men, weight loss of 4 to 5+ kg. on its
diet - reduced in saturated fat and cholesterol, with a moderate in-
crease in polyunsaturated fat — was associated with favorable changes
in all plasma lipid-lipoprotein components., Plasma total cholesterol,
LDL~cholesterol, VLDL-cholesterol, total triglycerides, VLDL-tri-
glycerides all fell sizeably, and HDL rose. The MRFIT progressive
eating pattern emphasized delectable fare based upon Mediterranean
and Far Eastern cuisine, with concomitant attention to dietary fat
composition and level, fiber intake from fruits and vegetables,

grains and legumes, and moderation in sodium intake.

Is it possible by dietary means to influence the occurrence of
atherosclerotic disease, i.e., severe atherosclerosis of the coron-
ary, cerebral, trunk, and peripheral arteries? 1In the first decade
of this century, Anitschkow working as a young man with colleagues
in Petrograd demonstrated in rabbits the relationship among dietary
lipid (dietary cholesterol in particular), serum cholesterol, and
the atherogenic processls. This was a major breakthrough in experi-
mental medicine, the basis for the great acquisition of knowledge
by animal experimentation in this field over the last 70 years.
Anitschkow was probably the first scientist to demonstrate that with
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cessation of cholesterol-fat feeding, and consequent restoration of
low normal serum cholesterol in animals, atherosclerotic lesions re-—
gressed. Figure 5 illustrates this phenomenon, from a modern classic
experiment in monkeysl6. For 18 months a diet high in egg yolk
(hence high in dietary cholesterol) was fed, and sustained hyper-
cholesterolemia was thereby induced. One-third of the animals were
sacrificed to study the resultant atherosclerosis and narrowing of
the coronary arteries (upper 4 frames, Figure 5). The two-thirds

of the animals remaining alive were then taken off this atherogenic
diet and were maintained for 40 months on a diet low in saturated

fat and free of cholesterol, so that the serum cholesterol was
quickly restored to low normal levels. As is evident from the lower
six frames of Figure 5, after these 40 months marked reversal of
lesions took place and the coronary arteries opened up, with only
minimal residual thickening of the arterial walls. Another study

in monkeys, recently completed, showed that such regression of
lesions can be achieved if the serum cholesterol is brought down to

a level of about 200 mg/dl, but regression does not take place at

300 md/d1!7, (Figure 6 and Table 4). Thus, the disease is not only
preventable by nutritional means but is also within limits reversible.
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Fig. 5. Experiment on regression of coronary atherosclerosis in
male rhesus monkeys; upper 2 rows (4 figures) — coronary
atherosclerosis after 18 months on a high-cholesterol diet
from egg yolk; lower 3 rows (6 figures) - regression of
atherosclerosis 40 months after cessation of feeding of the
high-cholesterol diet!6,
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esterol levels of approximately 300 mg/dl and 200 mg/dl
respectivelyl?,

Table 4. Primate Regression Study Coronary Atherosclerosis

Medial IEL
Group Stenosis 7% Fat % Damage 7 Damage 7
I 25%5.2 41x3.9 40%8.0 25%5.8
I1
(Chol 300) 35+4,7 20+2.9 37+5.3 2243.5
III
(Chol 200) 17+4.2 6+1 20£5.4 17£4,1

Data are available on the human species supporting this thesis,
although such data are much more difficult to obtain, Figure 7 il-
lustrates such findings from an important study of 846 American men
in late middle-age, residing in a home for veterans in Los Angelesls.
The data are on the incidence in 8.5 years of major atherosclerotic
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STRATIFIED BY AGE / oLDER

PERCENT

CUMULATIVE INCIDENCE

' CON

YEARS IN STUDY

Los Angeles Veterans Administration Domiciliary Facility
double blind trial on dietary fat modification to reduce
serum cholesterol and atherosclerotic disease; cumulative
incidence rates over 8.5 years in experimental and control
groups overall (bottom graph), and stratified by entry age
(top graph), entry serum cholesterol level (graph 2nd from
top), and entry findings with respect to clinical evidence
of atherosclerotic disease; the incidence end point was a
combination of "hard" atherosclerotic disease events, in-
cluding coronary death, definite non-fatal myocardial in-
farction, definite cerebral infarction'®,
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disease events, fatal and non-fatal, involving chiefly the heart and
brain, in two groups - one eating a usual American diet, the other a
fat-modified diet, reduced in cholesterol and saturated fat, in-
creased in polyunsaturated fat, with a resultant reduction in serum
cholesterol of about 10 to 157 over the years. Overall there was a
statistically significant 347 reduction in the incidence of the major
atherosclerotic diseases (lowest frame, Figure 7), even though these
men were already rather elderly — median age 65.5 years - when the
study began. Benefit was more clearcut and greater for the 507 of
men under 65.5 years at entry (top frame, Figure 7) and for men hy-
percholesterolemic at entry (2nd frame, Figure 7). Both those with-
out and with clinical evidence of atherosclerotic disease at entry
benefitted, i.e., there was significant achievement in both primary
and secondary prevention (although not in regard to all causes of
mortality).

Table 5 presents similar positive findings from the primary
prevention study in Oslo (Norway), for men age 40-49 at entry. This
study involved both diet intervention for these markedly hyper-
cholestercolemic (normotensive) men and an effort to achieve cessation
of cigarette smoking!9. Over the five years of the trial, the inter-
vention group had a serum cholesterol level 42.6 mg/dl (13.0%) lower
than the controls, and a greater degree of weight reduction by 3 kg.
Of the intervention group, 31% quit smoking cigarettes; of the con-
trols, 19%. No differences in blood pressure were recorded. Inci-
dence of CHD and all cardiovascular diseases was markedly lower in
the intervention group compared to the controls, by over 40%, and
striking positive results were also obtained in regard to death
rates!9, (Table 5). Thus, as difficult as it is to acquire accurate
information on ability to prevent atherosclerotic disease in man
(properly designed and executed large-scale randomized controlled
trials are very complex undertakings), meaningful results are indeed
available, and they support all the other sets of data - from observ
ational epidemiology, clinical medicine, autopsy studies, and animal
experimentation — on the relationship among diet, serum cholesterol,
and atherosclerotic disease.

BLOOD PRESSURE

Figure 8, again from the Seven Countries Study, shows the inde-
pendent relationship of blood pressure, in addition to serum chol-
esterol, in contributing to differences across populations in risk
of premature CHD/, Again, each population is treated as a single
unit. The higher levels of both blood pressure and serum cholesterol
at baseline for the northern European and U.S. population samples
play a key role, in an additive way, in accounting for their much
higher 10-year CHD death rates, compared to the Greek, Italian,
Yugoslav, and Japanese cohorts. Measured only once at the outset of
this prospective epidemiologic study, these two factors by themselves
explain a good deal of the differences in CHD risk among the popu-
lations.
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Table 5. 5-Year Intervention Results, Oslo Trial

Intervention Control Group 7 p
End Point Group-604 Men 628 Men Difference* Value

Coronary heart

disease incidence 194 31.5° 36 57.3 =45.07% .028
Cardiovascular

disease incidence 22 36.4 39 62.1 =41.47 .038
Sudden CHD

mortality 3 5.0 11 17.5 -71.4% .024
Coronary heart

disease mortality 6 9.9 14 22.3 -55.67% .086
All cardiovascular

disease mortality 8 13.2 15 23.9 -44.8% .168
Cancer

mortality 5 8.3 8 12.7 -34.67 -—-
All

mortality 16 26.5 24 38,2 -30.6% .246

*Intervention group rate minus control group rate
x 100

Control group rate

As to the effect of blood pressure on the risk of individuals
within a population, Table 6 gives representative data, again from
the national cooperative Pooling Project in the U.S.A., again with
combined findings from five long-term studies, with the population
divided into quintiles based on the entry diastolic pressure read-
ing8,9. Again, there are the limitations of only one measurement.
Nevertheless, diastolic pressure is highly related to long-term CHD
risk (as is also systolic pressure). Even for men with diastolic
readings in the 80 to 88 mm Hg range (quintile 3), usually regarded
as normal for middle-aged men, there is already a 427 increase in
risk of a first major coronary event by age 65. Given such findings,
it seems wise to begin designating such levels as not simply normal,
but at the very least, as what we are now calling high-normal. As
one goes further up the scale of diastolic pressure, to 90 and over,
risk increases progressively. Again, a simple calculation leads to
the estimate that over 307 of all cases of heart attack in this
middle-aged U.S. population of men in the 1950s and 1960s were at-
tributable to levels of blood pressure above the optimal. Note that
such elevated levels were recorded at baseline for 607 of the popu-
lation (quintiles 3, 4, and 5). This is not a minority phenomenon.
Almost 407 of these men had frankly elevated or hypertensive read-
ings, based on the currently accepted medical standard of 90+ mm Hg
diastolic,
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Table 6. Diastolic Pressure and Risk of a First Major Coronary
Event between Ages 40-64 (8,381 White Men, Pool 5, Pooling
Project, Final Report)

Absolute
Quintile of Number Risk of Excess Per Cent
Level and of An Event Relative Risk of all
Level (mmHg) Events Per 1,000 Risk Per 1,000 Excess
1+11 <80 182 149.,7 1.00 —-— -—
1 <76 91 162.6 - -— -
11 76-80 91 136.7 —-— -— -
111 80-88 126 212.4 1.42 62.7 18.1%
1V 88-94 142 239.7 1.60 90.0 26.0%
v 294 208 343.5 2.29 193.8 55.97
ALL 658 223.0 - - -
Ql11-QV Excess Events, 3,000 Men _  346.5 _ 31.627
All Events, 5,000 Men 1,094.9 e

of all events are excess events, attributable to elevated
blood pressure.
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What makes high blood pressure so common in our populations?
Table 7 gives typical data on one important trait that has repeatedly
been shown to be related to occurrence of elevated pressure, namely
overweight20,21, This is the case for older and younger, men and
women, all ethnic groups, persons with and without a positive family
history of high blood pressure. Prospective studies - e.g., as il-
lustrated in Figure 4 abovel3 - confirm that overweight and weight
gain are indeed associated with increased risk of developing high
blood pressure, for persons originally normotensive. Thus, a major
risk factor for high blood pressure is overweight, and one key stra~
tegic aspect of improving blood pressure levels of populations is the
prevention and control of overweight.

Figure 9 illustrates the role of another trait influencing preva-
lence of high blood pressure in the population, i.e., level of sodium
intake““. Again, this is a modifiable aspect of modern human eating
habits.

Another trait that is a predictor of high blood pressure is a
rapid heart rate23. This too is amenable to influence by regular
frequent rhythmic (isotonic) exercise to improve cardiopulmonary
fitness.

Another important trait related to prevalence and incidence of
high blood pressure is heavy consumption of alcohol - 50 or 60 or
more grams of alcohol per day (4, 5, or more drinks per day), ir-
respective of type (beer, wine, whiskey, vodka, etc.)24, (Table 8).

Table 7. Family History of Hypertension, Weight and
Prevalence of Hypertension by Age, Chec Screen-
ing, One Million Americans, 1973-5

Age—-Averaged Prevalence of
Hypertensiond per 1,000

Family
Weight History Age 20-39 Age 40-64
Normal Positive 82.8 309.4
Negative 46,7 181.,7
p/Nt 1.84 2.02
Overweight Positive 182.4 443.5
Negative 118.2 293.2
p/nt 1.66 1.92

ApBP295 mmHg or reported current use of antihypertensive
medication,
TPy (1,000.0 - P»)/P5(1,000.0 - P;)
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Finally, as illustrated in regard to serum cholesterol, so in
regard to high blood pressure, it is possible to control or prevent
the development of high blood pressure25 (Table 9). This can be
achieved by safe nutritional-hygienic means - without drugs - in
many people with high-normal or already frankly elevated blood
pressure levels, by reduction of weight, moderation of sodium intake,
improvement of physical fitness by regular rhythmic exercise, and
control of alcohol intake. For many of those who are frankly hyper-
tensive, of course, it may also be necessary to use modern pharma-
cologic treatment for the long-term control of high blood pressure.
And recent trials have shown that it is indeed possible to improve
prognosis in regard to death from all causes and from the major
cardiovascular diseases by such treatment, both for those with so-
called "mild" and for those with more marked hypertension26-2

In summary, there is a great deal of information available on
the contribution of hypercholesterolemia and hypertension to risk
of coronary heart disease and the other atherosclerotic diseases.
There is also much information available on the main aspects of life
style of populations that influence these two traits. There is also
now considerable information on the ability to apply all that know-
ledge to prevent these traits from developing in the first place,
or to control them if already present - and the utility of these
approaches for control of epidemic atherosclerotic disease. 1In a
number of countries this knowledge is being progressively applied.
There is good reason to believe that the favorable changes in life
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Table 8. Per Cent with High Blood Pressure Among Problem
Drinkers and Non-Problem Drinkers

Chicago Peoples Gas Company
1233 White Males Age 40-59 in 1958

Problem Non-Problem
Drinkers Drinkers Adjusted¥®
Variable N = 38 N = 1195 t t
SBP 2 140 55.3 33.1 2.85 2.92
SBP 2 160 18.4 10.7 1.50 1.68
DBP 2 90 34.2 20.4 2.06 2.66
DBP 2 95 15.8 9.1 1.39 1.95
Chicago Western Electric Company
1899 White Males Age 40-55 in 1957
Heavy Non-Heavy
Drinkers Drinkers Adjusted*
Variable N =117 N = 1782 t t
SBP 2 140 59.0 36.9 4.75 4.30
SBP 2 160 28.2 11.7 5.18 4.66
DBP 2 90 64,1 42.1 4.65 4,27
DBP 2 95 40.2 20.4 5.02 4,75

*Adjusted by analysis of covariance for age, serum chol-
esterol, pulse, relative weight, and cigarettes/day.

style and medical care that have resulted are related to recent de-
clines in CHD and stroke mortality, and all causes mortality as well.
That is, the trail has been blazed indicating that prevention of
these diseases is possible in the population as a whole.
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DETECTION AND TREATMENT OF VENTRICULAR ARRHYTHMIAS

Donald C. Harrison and William G. Irwin

Stanford University School of Medicine
Stanford, California 94305, U.S.A.

INTRODUCTION

During the past 15 years the techniques available to detect
ventricular arrhythmias in hospitalized and ambulatory patients have
been developed to permit characterization and quantitation of the
ventricular arrhythmias.l These advances have permitted the assess-—
ment of ventricular arrhythmia in many cardiac disorders and deter-
mination of their importance in the natural history of each syndrome.
Recently, a number of new antiarrhythmic drugs have been developed
to provide the cardiologist a number of highly effective therapeutic
agents for almost all ventricular arrhythmias.3 However, each ad-
vance has raised new problems such as stratifying patients requiring
treatment, documenting the effects of treatment and assessing the
impact of treatment, on the natural history of the cardiac disorder.
The report focuses on the latest available information about the
detection and treatment of ventricular arrhythmias.

MAGNITUDE OF THE PROBLEM

In the USA there are more than 300,000 arrhythmic sudden deaths
annually. Almost 907 of these patients have coronary artery disease
(CAD), but other cardiac disorders are associated with ventricular
arrhythmias and sudden death (Table 1).

Since CAD is the largest single cause of ventricular arrhythmias
and is the area where sufficient studies have been performed to permit
conclusions, we focus our presentation on the early and late occur-
rences of ventricular arrhythmias in the CAD patients.
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Table 1. CV Disease Associated with Arrhythmic Death

1. Coronary Artery Disease
a) Post-myocardial infarction
b) Unstable angina
c) Stable angina
d) "Sudden Cardiac Death Syndrome"
e) Coronary spasm

2. Cardiomyopathy
a) Dilated forms (advanced)
b) Hypertrophic - obstructive and non-obstructive

3. Aortic Valve Disease
4. Prolapsed Mitral Valve

5. Congenital Disease
a) Pre-excitation syndrome
b) Repaired shunt lesions
c¢) Conduction disease

6. Idiopathic

Early Post-Myocardial Infarction Ventricular Arrhythmias

Electrical inhomogeneities occur within seconds of coronary
occlusion and ventricular arrhythmias are almost universal. The
ventricular arrhythmias and sudden death rate decreases thereafter
almost logarithmically with time. While the concept of "warning
ventricular arrhythmias" occurring before ventricular fibrillation
in the CCU was developed in the 1960's, it is now well documented
that many patients have ventricular fibrillation with no or very
short warning times. In addition, CCU's without computer monitoring
do not detect many serious ventricular arrhythmias and there is
marked delay or failure to commence therapy. For these reasons, I
and others have advocated the prophylactic administration of lidocaine
(or other agents) for all patients following acute infarction. 295
With new understanding of the pharmacokinetics of lidocaine, the
ability to monitor plasma concentration and understanding the influ-
ence of disease on the disposition of the drug, it can be admin-
istered safely and effectively in most patients in the CCU for 36
to 48 hours.’

Late Post—-Myocardial Ventricular Arrhythmias

After myocardial infarction late occurring ventricular
arrhythmias are seen in from 52 to 887 of all patients depending on
the duration of monitoring.’»10 Many studies have documented a
higher sudden cardiac death rate for 6 to 12 months after myocardial
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infarction, but stratification of risk depends on quantitation of
ventricular arrhythmia and the association of decreases in ventri-
cular function due to myocardial loss.

In patients with the '"sudden death syndrome" almost 907 have
underlying severe CAD, but only approximately 16-257 experience
myocardial infarction at the time of ventricular fibrillation.
Untreated, these patients have 46-60% recurrence of ventricular
fibrillation in one year.

MONITORING AND INTERPRETATION OF VENTRICULAR ARRHYTHMIAS

A number of technologies permit monitoring of ambulatory
patients for ventricular arrhythmias. These include: telemetry
units in hospitals, analog (Holter) tape units, ambulatory event
recorders which activate when ventricular arrhythmias are detected
and record "snapshots'" and telephone coupling transmission devices.
The greater the period of monitoring, the higher yield of detected
events. However, the costs, complexity of analysis, the need for
a computer system for quantitation, and the inability of the patient
to keeB electrodes functional for long periods limits recording
times. Indications for ambulatory monitoring are outlined in
Table 2.

Table 2. Indications for Ambulatory Monitoring in CAD

1. Prognostic stratification of post~MI patients

2. Symptoms
a) Palpitations
b) Syncope or presyncope
c) Stroke or cerebral ischemic attacks

3. To assess results of therapy

4. Post-resuscitation of sustained VT/VF

Interpretation of ventricular ectopic activity to determine its
prognostic value and when it should be treated remains controversial
although careful clinical studies permit tentative conclusions.8510
Frequent and complex ventricular ectopic activities (VT, couplets,

R on T, and multiformed ventricular ectopic activities) are common:
greater than 10-20/hour in 7-26% of studies; complex forms in 27-

437 and VT in 1-147, of reported studies in post-myocardial infarc-
tion groups. Spontaneous variability is considerable.ll>12 And

all tgpes of ventricular ectopic activities are more common with
CHF,1 reduced ejection fractions and ventricular aneurysm. However,
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I conclude that frequent and complex ventricular ectopic activities
have independent prognostic value.

TREATMENT OF VENTRICULAR ARRHYTHMIAS POST-MYOCARDIAL INFARCTION

A number of studies have documented that beta-blocking drugs
reduce overall mortality and sudden deaths when given after myo-
cardial infarction. They should be used when not contraindicated.

Studies do not definitively document that treatment of ventric-
ular arrhythmias with Class 1 antiarrhythmic agents reduces mort-
ality. However, existing studies have problems demonstrating that
effective treatment has been given, that suppression of ventricular
ectopic activities is required and that the observed reduction of
ventricular ectopic activities is not just spontaneous vari-
ation.11512 For these reasons I recommend Class 1 antiarrhythmic
agents when frequent and complex ventricular ectopic activities
are detected (Table 3).

Table 3. Ventricular Ectopic Activity to Treat

1. When sustained VT occurs (greater than 20
beats

2. Greater than 20 VEA's/hour
a) Nonsustained VT (less than 20 beats)
b) Couplets
c) RonT
d) Multiformed VEA's

3. When 1 or 2 (above) occur with heart
failure exceptional effort

Several methods have been developed to determine effectiveness
of treatment. First, use plasma levels of antiarrhythmic drugs to
be certain each patient is in therapeutic range and do not attempt
ventricular ectopic activity monitoring. Secondly, do two
ambulatory monitorings before instituting treatment and 4 to 7
afterwards with probability statistical analysis.13 Thirdly,.two
pretreatment quantitations with analysis of variance and confidence
intervals established for judging one or more post-treatment
monitoring results.l3 Fourthly, to require 90% suppression of all
ventricular ectopic activities. Further studies are clearly needed.
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Schema for Post Myocardial Infarction Management

Based on clinical studies, the new technologies available, and
the potential for salvaging large numbers of patients, I offer a
schema for post-myocardial management (Table 4).

Table 4. Schema for Post-MI Management

1. Beta-blocker to all with no CHF, exercise ECG ischemia or
frequent or complex VEA's.

2. For angina, exercise ECG ischemia, and complex and frequent
VEA's - coronary angiography and stratification for surgery
or medical treatment.

3. For suitable patients — CABG based on symptoms and anatomy.

4. For suitable CABG patients — Class 1 antiarrhythmic treatment
a) Vessel anatomy
b) Ventricular function poor

5. If CABG not required - antiarrhythmic drugs based on electro-
physiologic induction study.

While such an approach is experimental at this time, back-
ground suggestive supporting data are available for each new tech-
nology, for each new quantitative approach and for a larger group
of safe and effective drugs.1 The potential salvage of young
patients with CAD makes it imperative to launch such approaches in
the near future.
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The number of antiarrhythmic drugs has increased greatly during
the last three decades. From the triad of digitalis, quinidine
and procainamide in 1951 to now a multitude of drugs. The purpose
of the present paper is to assess the therapeutical potentials of
this large armory of drugs. Focus will be on long-term prophylaxis
of symptomatic paroxysmal tachycardia and fibrillation with a few
comments on the treatment of ventricular extrasystole.

Drug Action Through Suppression of Arrhythmia Generating/Triggering
Event (Calcium Channel Blockers and Beta Blockers).

In the more infrequent case, the mechanism of drug action is
causal in that it suppresses the pathophysiological event under-
lying the arrhythmia, or protects a functionally unstable myocardium
against the arrhythmia triggering influence of an increased adrenergic
tone.

Calcium channel blockers, both those with effect on the AV nodal
cells (verapamil and diltiazem) and the one without (nifedipine{,
act against arrhythmias related to Prinzmetal's variant angina.
their vasodilatatory effect coromary artery spasm is prevented and
with it attacks of chest pain and arrhythmia. While chest pain may
be slight and not reported by the patient at the history taking,
arrhythmia symptoms like fainting may prevail in the clinical pie-
ture. The ST elevation preceding the arrhythmia and signaling trans-
mural myocardial injury may not be visible in the monitoring lead,
or the ECG registration may first have been started after the onset
of the arrhythmia. Thus, occasionally all signs of myocardial

By
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ischemia may be missing and with them the clues for the choice of
the proper antiarrhythmic treatment.

By protecting the myocardium against adrenergic influence, beta-
blocking agents are capable of:

- suppressing attacks of torsade de pointes ventricular tachy-
cardia in a substantial part of the patients with congenital
long QT syndrome with or without associated hearing defect2,
and

- alleviating exercise/emotion induced attacks of ventricular
tachycardia/fibrillation with fainting in the child or ado~
lescent with normal ECG3, or in the individual with mitral
valve prolapse and T wave anomalies.® Exercise induced vent~
ricular tachycardia/fibrillation related to coronary artery
disease is best managed by coronary artery surgery.42

The therapeutical response is usually all to none with complete
alleviation of the attacks of tachycardia/fibrillation. The efficacy
of an initiated antiarrhythmic treatment can often be challenged by
provocation test: by hyperventilation or ergonovine test in Prinz-
metal's variant anginal, by abrupt awakenin% in the early morning in
a few of the patients with long QT syndrome’>4l, and by work load
on a bicycle ergometer or treadmill in the patient with exercise
induced fainting.3 Particularly in the younger age groups, failure
to comply with regular medicine intake can result in recurrence of
the attacks of tachycardia and sometimes in sudden death.3

Drug Action Through Modification of Cardiac Cell Electrophysiological
Properties (Quinidine, Mexiletine, Propranolol, Amiodarone and

Verapamil

In the great majority of patients, drugs exert their effect di-
rectly on the cardiac cell by modifying its electrophysiological
properties. The mechanism of action can be that of a suppression of
enhanced ectopic activity; or the evening out of differences in myo-
cardial refractoriness within a potential reentry circuit; or the
conversion of an unidirectional block in such a circuit to a bi=-
directional one blocking for further impulse circling.

To create some form of order in the electrophysiological poten-
tials of the multitude of antiarrhythmic drugs, they are usually
divided into four classes according to their dominant effect on the
action potential (Table 1). The digitalis glycosides form an ad-
ditional fifth class of their own, being the only drugs which in-
crease vagal heart tone on a chronic basis.® A clinically more valid
classification is a differentiation between '"wide spectrum" anti-
arrhythmic drugs with action potential against both supraventricular
and ventricular arrhythmia and more "narrow spectrum" ones with
effect primarily on either supraventricular or ventricular arrhythmia
(Table 2).
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Table 2. Classification of antiarrhythmic drugs from their effect
on supraventricular arrhythmia (SVA) and ventricular
arrhythmia (VA)

Wide Spectrum Drugs Narrow Spectrum Drugs
for for
SVA and VA SVA VA
Class 1 A drugs Digitalis® Class 1 B drugs
Beta-blocking agents Verapamil (Verapamil)b
Amiodarone

4 Digitalis should not be given to the adult patient with WPW.

b Verapamil is usually not effective in ventricular tachycardia
but may be so in Gallavardin's repetitive ventricular tachycardia’0

Independent of arrhythmia type and mechanism sensitivity and
tolerance to various drugs varies greatly from one individual to
another. The optimal result of drug prophylaxis is usually re-
stricted to a relative bettering of the arrhythmic status with a
reduction in rate, duration and/or severity of the arrhythmic events.
Complete elimination of the arrhythmias is the exception.

Selection of the Optimal Drug

Within the framework of the statements in Table 2, selection of
the optimal drug is based on the cumbersome trial and error method.
An alternative approach in advanced cardiological centers is in-
vasive electrophysiological investigation with programmed electrical
stimulation (PES)./ PES is performed with the intention of delib-
erately provoking arrhythmia before and after drug administration
to challenge the antiarrhythmic efficacy of drug treatment. Prospect:
of the method seem good for selecting the optimal drug and, particu-
larly for excluding the dangerous one which may worsen the arrhythmia
and endanger the life of the patient.®» However, long-term validity
of these optimistic preliminary results awaits corraboration by
large scale, well planned investigations. The resource demand of
the method will also have to be dramatically reduced before it can
significantly influence management of the average arrhythmia patient.
The method seems not equally applicable for the assessment of all
antiarrhythmic drugs. Thus, a poor correlation has been reported
between PES inducibility of the tachycardia and the often very im-
pressive reduction in symptomatic events observed in the amiodarone
treated patient.l0
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Drug Prophylaxis in Chronic Ventricular Extrasystole

Individual patients with chronic ventricular extrasystole (VE)
often show large degrees of spontaneous variability. Repeated 24-
hour Holter monitoring was performed in an own series of 28 clini-
cally stable patients — 11 with chronic coronary artery disease, 5
with cardiomyopathy and 12 without organic heart disease. The
selection criterion was an average VE count of 200/hour or more at
a previous 24~hour Holter monitoring. The spontaneous variations
from the first to the second investigation with 957 and 99% con-
fidence limits are shown in Fig. 1. Through a further statistical
evaluation (regression analysis) it was found that in a clinical
trial a reduction of at least 807 in average number of VE/hour is
required to confirm drug efficacy. Figures of 65 - 837 have been

reported by former investigators.ll’12
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Fig. 1. Spontaneous variability in ventricular extrasystole (VE)
frequency of 28 patients investigated with 24-hour monitoring
at l4-day intervals. VE/hours at the first investigation
is indicated along the abscissa, from the second investigation
along the ordinate (log. scale). Linear regression analysis
was used to describe the relationship between the two re-
cordings and to establish 957 and 997 one-tailed confidence
intervals for this relationship. To distinguish a true drug
response from spontaneous variability at the 0.05 and 0.01
level of significance, the coordinate corresponding to no-
treatment/post-drug response must fall below the 957 or 997
confidence limits, respectively.
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Judged by these criteria, several corss-over studiesl4s13 convey
the impression that most antiarrhythmic drugs of class I A and B
possess a reasonable rate of success in the suppression of vent-
ricular extrasystole. The individual sensitivity/tolerance varies
from patient to patient. No single agent seems to be out-standing
in efficacy over the other, but in the individual case the one may
work where the other has failed. Beta-blocking agents seem somewhat
less efficient in suppressing ventricular extrasystole than class I
drugs. When tried in an open series, the class III drug, amiodarone,
proved eff1c1ent in a substantial number of cases where other drugs
had failed. Verapamil is usually non-effective.

Drug Prophylaxis in Symptomatic Paroxysmal Supraventricular Tachy-
cardia

The episodic nature of the paroxysms and lengthiness of the re-
quired study period preclude the use of expensive Holter monitoring
in the evaluation of the patient with paroxysmal supraventricular
tachycardia. With all of its inbuilt shortcomings we have tried
to assess the problem by persuading a series of patients to keep a
diary of their attacks over periods extending from several months
to several years. At intervals, the accuracy of the diary keeping
has been checked by telemetric ECG monitoring during hospital ad-
mission. Irrespective of the type of supraventricular arrhythmia
and underlying heart disease, if any, arrhythmic activity was
usually erratic and highly unpredictable in appearance (Fig. 2).
The wide spontaneous variability in attack rate, duration and seve-
rity makes it obvious that any proper assessment of drug efficacy
in paroxysmal supraventricular tachycardia ought to build on the
outcome of controlled trials or preferably double-blind cross—
over studies extending over a period of at least several months.
The extent of such trials is extremely limited.l7,18 What we "know"
today about antiarrhythmic drug efficacy in paroxysmal supravent-
ricular tachycardia is based primarily on the outcome of non-
controlled trials supported by evidence from electrophysiological
investigations in the cardiac laboratory with programmed electrical
stimulation (PES). The drugs presumed to be efficient are the ones
listed in the first two columns of Table 1. Each of the two class
I A drugs, quinidine and disopyramide, are often administered in
combination with digitalis to counteract their vagolytic effect,
which in the event of atrial fibrillation/flutter may otherwise
result in high ventricular rates. In infants with paroxysmal tachy-
cardia digitalis is the drug of first choice. The main object of
dlgltalls in this context is to counteract heart failure, and it is
often glven as the only drug. 19 As a general rule digitalis should
not be given to adult patients with Wolff-Parkinson-White syndrome
since it may decrease refractoriness in the accessory pathway
causing a very high ventricular rate in the event of atrial fibril-
lation with accompanying risk for development of ventricular fibril-
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ation.20 pue to possible side—effects, amiodarone, at least in the
hands of the authors, is used as the drug of second or third choice
although it will often prove effective in a substantial number of
cases where the other drugs will fail (see special section on
amiodarone).

Attacks/month Attacks/month
10 16-year-old girl 10 13-year-old boy
8 Normal ECG 8 wWPW
6 6
4 4 ’_‘_l
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6
4
2 J‘rLr’ ”
o —f —— R
6 | 38 6 9 | 3§ 6 9 | 3 6 9 [Months
1978 1979 1980 1981 Year

Fig. 2. Spontaneous variability in paroxysmal supraventricular tachy-
cardia. Three adolescents without organic heart disease,
two with, one without WPW. Diagrams based on patient diaries.

With these limitations drugs are usually tested on a trial and
error basis with no universally accepted rank of order for the
testing. It is obvious from a view of Fig. 2 that spontaneous
variations in the attack rate of paroxysmal supraventricular tachy-
cardia can mimic drug-induced bettering or worsening. To avoid this
fallacy it is recommendable to start out with a no-treatment or
placebo period establishing the individual "attack profile" as
baseline for drug efficacy in the subsequent periods of treatment
(fig. 3). After selection of the better drug for continued treat-
ment it might be worthwhile to check the accuracy of the baseline
and the assumed antiarrhythmic efficacy of the selected drugs by
renewed account of attack rate/duration during another no-treatment
or placebo period. For various reasons it may be necessary to omit
the initial no-treatment or placebo period completely and instead
establish an attack profile from the case history in the knowledge
that this frequently will be inadequate.

Drug Prophylaxis in Symptomatic Paroxysmal Ventricular Tachycardia

A great spontaneous variability is also seen in symptomatic parox-
ysmal ventricular tachycardia (Fig. 4). Judged from non-controlled
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Fig. 3. A "trial and error" model for selecting the optimal drug
treatment in paroxysmal supraventricular tachycardia.

series, class I antiarrhythmic drugs or beta-blocking agents given
alone or in combination will often reduce the attack rate. Again,
when tried, amiodarone often proves effective where other drugs have
failed (see special section on amiodarone).

Drug Prophylaxis in the Prevention of Sudden Death in Coromary
Artery Disease.

It has been widely assumed that reducing ventricular extrasystole
in the patient with coronary artery disease is synonymous with re-
ducing the risk of sudden death due to paroxysms of ventricular tachy-
cardia/fibrillation. An incredible number of Holter monitoring
hours have been spent in first finding the patient with a high in-
cidence of ventricular extrasystole and next following the effect
of various antiarrhythmic drugs in reducing the frequency of vent-
ricular extrasystole. However, for evaluating drug efficacy in
preventing sudden arrhythmic death, reduction in ventricular extra-
systole appears to be a faulty substitution parameter. Thus, in
four large long-term controlled trials with various class I anti-
arrhythmic drugs in acute myocardial infarction survivors, all
drugs proved efficient in decreasing the frequency of ventricular
extrasystole. However, in no case was the reduction in ventricular
extrasystole followed by a significant lowering of sudden death
mortality.21 In contrast, drug prophylaxis with beta-blocking agents
exerting less suppressive effect on ventricular extrasystole have
proved efficient in lowering both total mortality and mortality
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related to sudden death, probably because they are able to protect
the myocardium a%ainst ischemic events and hereby intervene in the
disease process.®l

Attackss/ month 49-year-old male - no heart disease
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Fig. 4. Spontaneous cessation of paroxysmal ventricular tachycardia
after repeated attacks over a period of 9 years. The patient
is a 49-year-old male with normal ECG and no sign of heart
disease (normal coronary arteriography and ventriculography).
From 1965 to 1974 repeated attacks of sustained ventricular
tachycardia lasting for hours to days which often had to be
stopped by DC conversion. During the same period of time
treated with many various drugs without definite benefit.
Since 1974 and up to the last follow-up in 1982 - no treat-
ment and no attacks. It appears that the start of a drug
treatment in the last month of 1973 might have conveyed the
impression of high efficacy with the recommendation that the
treatment should be continued on a lifetime basis.

Side-Effects of Antiarrhythmic Drugs

Side-effects, cardiac and non-cardiac side-effects, are common
in antiarrhythmic drug treatment. They can be due to high plasma
concentrations of the drug, but in a substantial number of cases
are not dose dependent and can occur at drug concentrations defi-
nitely within the therapeutical level. Interactions can occur. Thus,
quinidine??, amiodarone?3, and to some extent verapamilZ’4, when given
combined with digoxin, will increase the plasma concentration of
digoxin increasing the risk of digoxin intoxication. Cardiac ar-
rhthmias are potential complications of any antiarrhythmic drug
regimen. They can take the form of



202 E. SAND@E ET AL.

Worsening of the original arrhythmia which can occur in up to
10% of the patients deduced from electrophy31olog1cal studies using
programmed electrical stimulation (PES) »9" and a single clinical
series.

Torsade de pointes ventricular tachycardia preceded by QT gro-
longation observed partlcularlg during treatment with quinidine
dlsopyramldezs, and aprlndlne » but occurring also with the beta-
blocking agent sotalol30, and with amiodarome.

Increase in ventricular rate in atrial fibrillation or flutter
related to the vagolytic effect of disopyramide and quinidine or in
WPW syndrome due to digitalis or more rarely verapamil, lowering the
refractory period in the accessory pathway.

SA block, AV block, bradycardia and/or asystole complications
developing primarily in patients with latent or manifest dysfunction
of the SA and AV conduction system.

In general, antiarrhythmic agents (except digitalis) have a
depressing effect on cardiac contractility. The depressant effect on
cardiac contraction is regarded as primarily true of disopyramide32
and is considered to be rare with amiodarone.33 Among the many non-
cardiac side-effects attention will be called only to those of
amiodarone as listed below.

Amiodarone, the Better Drug and the Drug with the Unusual Side-Effects

Amiodarone is a drug of several virtues, thus-

- evidence from several open series states that it is effective
in a substantial part of patients both with supraventricular
and ventricular tachycardia where other drugs have failed,
and that it more often than other drugs leads to total sug
pression of the attacks of tachycardla/flbrlllatlon 4
results from own series of 50 patients support this view
(Table 3);

- it is particularly effective in the prevention of tachycardia
in WPW syndrome and is the drug of choice for slowing down
the ventricular rate in WPW related attacks of atrial flutter/
fibrillation.35

- its long halflife (1 month) ensures continued drug effectivity
by a single daily oral dose, not endangered even by a few days”
lapse in medicine intake.

Meanwhile, more general use of amiodarone is restricted due to
a number of unusual, worrisome side-effects including: thyrotoxicosis,
myxoedema, goitre, photosensitivity, pneumonitis and pulmonary
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fibrosis.10,34,36,37,38 1ncidence of thyrotoxicosis in own series
(Table 4) was as high as 10%; much smaller percentages have been
reported by other investigators.37 Corneal micro-deposits are ob-
served in almost all patients receiving amiodarone, but these rarely
interfere with vision, are dose related and disappear after some time
when treatment is discontinued. Because of the thyroid complicatioms,
monitoring of thyroid function is essential in all patients on long-
term therapy.

Table 3. Amiodarone in 50 patients with symptomatic
paroxysmal tachycardia resistant to treatment
with a variety of other antiarrhythmic drugs.
27 patients were without signs of organic
heart disease (4 with WPW); 11 had ischemic
heart disease; 3 congenital heart disease,
hereof 2 with WPW; 3 congestive cardio-
myopathy; and 6 miscellaneous forms of heart
disease.

Effect of Treatment Paroxysmal Tachycardia

Supraventricular Ventricular

No symptomatic

events 8 7
Fewer attacks 15 -
Unchanged 12 7
Worsened - 12

Total no. of
patients 35 15

4 Repeated attacks of torsade de pointes ventricular tachy-
cardia.

CONCLUSIONS

The state of the art of antiarrhythmic therapy continues to be
a difficult balancing between therapeutic and toxic effect of the
applied drugs. The expansion in recent years with the introduction
of a vast number of class I drugs has brought with it only limited
progress. It can be hoped for the future that:

- new drugs of the amiodarone type will be in the offing, but
drugs without its unusual and worrisome side-effects and with
simpler pharmacocinetics and easily measureable plasma con-—
centration.
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Table. 4. Side effects of amiodarone
in 50 patients (same series
as in Table 3). Treatment
duration 1 month to 5 years,
average 2} years. Development
of thyrotoxicosis was observed
in 5 patients treated for per-
iods varying from 16~29 months
in the two patients during
treatment and in the three pat-
ients 6-9 months after cessation
of treatment.
Side-effect No. of
patients
Corneal micro-deposits 50
Thyrotoxicosis 5
Goitre,eumetabolic 3
Photosensitization 3
Aggravation of SA block 2
Torsade de pointes VT 1
Vasculitis 1

~ electrophysiological testing will live up to its promise and
evolve into a less resource demanding method.

- pacing and surgery may father better treatment alternatives
for the many patients with arrhythmias who are presently poorly
helped by medicine.
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GENERAL AND LOCAL FACTORS IN ARTERIAL THROMBOSIS:

PLATELETS, PROSTAGLANDINS AND POSTULATES
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The discovery by Moncada et al., (1976) that vessel fragments
could convert prostaglandin endoperoxide Gy in an unstable metabolite
with a potent antiaggregating as well as vasodilating property
appeared to be a major step in the understanding of arterial throm-
bosis. The fact that this substance was mainly produced in the en-
dothelial cells of the vessel wall (Moncada et al., 1977) seemed to
be an additional explanation to the non thrombogenicity of the en-
dothelium. These discoveries were followed by the emergence of the
concept of antagonistic substances, namely platelet thromboxane (TX)
Ay and vascular prostaglandin (PG) I, playing a key role in the
thrombocyte-vessel wall interactions. According to this concept, a
balance might exist between TXA; and PGI, for the homeostatic regu-
lation of platelet-vessel wall interactions. This very tempting
hypothesis has stimulated a tremendous effort in the cardiovascular
field, aimed at the verification of this theory as a likely explan-
ation of most thrombotic disorders. However, at the present time,
it appears that the TXAj - PGI, axis may only be one part of the
mediators that play a role in vascular disorders. Plasma factors,
membrane components, blood cells other than platelets... may be in-
volved in those processes. In this chapter, we will try to review
some of these aspects.

DYSFUNCTION OF CYCLOOXYGENASE REGULATIONS IS SUPPOSED TO BE
RESPONSIBLE FOR THROMBOTIC EVENTS

Let us consider some pathophysiological situations for which

an alteration of the TXA/PGI; balance has been claimed to be the
main explanation.

209
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Non Steroidal Antiinflammatory Drugs as Antithrombotic Molecules

The finding that aspirin irreversibly acetylated platelet cyclo-
oxygenase (Roth and Majerus, 1975) and therefore inhibited PGHy as
well as TXAp production was a good justification to its use as an
antithrombotic drug. However, although a lot of wide scale trials
have been conducted in cardiovascular diseases, the best estimate of
reduction in total mortality was just less than 10 (Sweetnam and
Elwood, 1982). At the present time, it is not clear whether aspirin
should be more active in some defined categories of patients nor why
it is less effective in women in the prevention of strokes. Further,
although the administration of aspirin to patients was intended to
act as an antiplatelet drug it is known that platelet aggregation
undergoes via several metabolic pathways. Actually, no one knows
exactly which pathway of aggregation or which mediator predominates
in many situations where aggregation seems to play an important role
in the disease. Among the cyclooxygenase-independent pathways, PAF-
acether has been claimed to aggregate platelets independently of TX