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Function of the transplanted
heart
How well does the transplanted (and therefore denervated)
heart perform? The immediate and practical answer is, well
enough, as the activities of patients such as Mr Keith Castle
have shown. But the physiological aspects have been studied in
more detail by Schroeder and his colleagues in Stanford,
California.'

In the surgical technique of orthotopic cardiac trans-
plantation the patient retains the posterior walls of his own
atria. The donor heart is sutured to the atria and great vessels
and the surgeon does nothing to the valves, ventricles, arterial
supply, and much of the atrial muscle, including in most
instances the sinoatrial node. An improvement in cardiac
output is usual immediately after the operation, though
measurements have shown that the stroke volume and cardiac
output remain below normal for the first few days.2

In the longer term transplanted hearts do not become
innervated again.3 The lack of yagal tone is shown by the high
resting heart rate, usually 90-100/min, with no sinus arrhyth-
mia. Electrocardiographic monitoring confirms that the heart
rate is more or less constant. The pulse rate increases slowly,
however, with exercise: peak rates, which are about 150'min,
do not occur until after five minutes. Slowing of the heart rate
is also delayed as compared with normal. These changes
parallel and are probably caused by changes in circulating
catecholamine concentrations.

Cardiac catheterisation in healthy recipients has shown
normal resting pressures in the transplanted hearts, with
outputs in the low normal range.3 On exercise the left
ventricular filling pressure rises, in contrast to normal subjects,
whose filling pressures remain low. As the exercise continues
and the heart accelerates so the filling pressure' falls towards
normal again, while the cardiac output progressively rises.
Both at rest and on exercise the arteriovenous oxygen difference
is wider than normal for a given oxygen uptake. Moreover,
during exercise arterial lactate concentrations rise unduly.
These differences suggest that the transplanted heart, though
capable of increasing its output, does not quite meet the needs
of the body, probably because of the limitation of stroke
volume.

Left ventricular volumes have been calculated in a few
recipients who have had tantalum markers attached to the
donor left ventricular muscle at the time of operation and who

have been examined later by fluoroscopy.4 5 In these circum-
stances atrial pacing causes a reduction in ventricular volumes
and no change in cardiac output. Increasing the venous return
by raising the legs augments left ventricular end-diastolic and
stroke volumes and increases the cardiac output without
changing the heart rate. These results confirm the transplanted
heart's dependence on the Frank-Starling mechanism (which
relates the force of contraction to the stretching of the heart
muscle), as suggested by the changes in filling pressure on
exertion.
The healthy transplanted heart is, therefore, slightly

embarrassed by its lack of innervation. The lack of vagal tone
is apparent as a resting tachycardia, and the lack of sympathetic
drive limits the increase in stroke volume on exertion. Never-
theless, the denervated heart manages to perform adequately
for most levels of activity, adjusting its stroke volume by the
Frank-Starling mechanism and its rate in response to
circulating catecholamines.
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Mechanisms of chemical
carcinogenesis

Research workers in carcinogenesis are fired by two con-
siderations. Firstly, they hope that better understanding of
its mechanisms will lead to the possibility of preventing
human cancer. Secondly, their study of the life processes that
may be relevant to carcinogenesis by using the latest molecular
biological techniques adds to the store of human knowledge
and is intellectually satisfying. Unfortunately, those who
know most about human cancer and those best able to use
new molecular biological techniques constitute different
populations with only limited overlap. One consequence of
this divide has been the recent fashion for the results of a
laboratory experiment, completed in only a few hours, and
in the absence of evidence of other kinds, to be interpreted as
indicating that man should change his life style in some vital
way. How we can best and most quickly check whether man
will really benefit from such proposed changes is thus one
of the most important questions to be answered.

In his introduction to the British Medical Bulletin's recent
review of chemical carcinogenesis,l Peter Brookes indicates
that during the past 15 years most progress has been made in
our understanding of the tumour-initiating stage of carcino-
genesis. What we need to do now, he suggests, is to try to
elucidate the nature oftumour promotion in terms ofmolecular
mechanisms. The past 15 years has indeed seen rapid advances
in knowledge of how chemically unreactive substances may be
converted in vivo to electrophilic metabolites capable of
binding to DNA, of the nature of damage to DNA, and of
the ways in which such damage may-be correctly or incorrectly
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repaired. The development of extremely sensitive laboratory
systems for detecting mutagenicity on the basis of electrophilic
activity or the production of electrophilic metabolites has
extended the frontiers of laboratory research far ahead of any
knowledge with a sure foundation in terms of observations in
intact whole animals. The gap between the laboratory and
human disease is even wider. The result is that the public is
exposed to alarming statements from front-line scientists of
the highest calibre such as "Charred food can be regarded
as a major source of mutagens in cooked food,"2 and "The
mutagenicity of one cup of coffee or tea is more than that of
the smoke condensate from one cigarette."3 Clearly confusion
reigns over the interpretation of laboratory findings in terms
of risk of human cancer.
Another source of confusion is that the two terms, tumour

initiation and tumour promotion, can no longer describe
adequately all the mechanisms of importance in carcino-
genesis. For instance, neither of these terms is obviously
relevant to any explanation of why successful pregnancy
early in adult life protects against breast cancer,4 or how
simple restriction of diet may dramatically reduce the in-
cidence of tumours in laboratory animals.5 Even at the level
of test-tube research we seem to need more terms. Ashby and
his colleagues6 proposed a distinction between "genetic"
and "epigenetic" mechanisms. Nagao and his colleagues7
introduced the term "co-mutagenicity" to describe the
phenomenon whereby a mixture of two non-mutagens
(norharman and o-toluidine) is strongly mutagenic for
Salmonella typhimurium, and Ashby and Styles8 refer to a
"variety of responses elicited by a chemical in an in vitro
test," and suggest the term "conditional carcinogenicity" as
an aid to describing the "range of carcinogenic expression of
carcinogens."

Probably we are close to losing the simple concept, which
has long served us well, of there being two stages in carcino-
genesis: a mutation followed by a second stage. The mutation
part is going to have to take co-mutagenicity into account,
and the second stage is going to have to encompass a wide
variety of phenomena, including the effects of hormones,
energy intake, irritation, aging, immunological status, stress,
psychological state, and a host of other factors.

In the end we may hope-along with Peter Brookes-to be
able to explain all things in terms of molecular biology, but
that type of research may not be the best way to tackle the
problems in the first instance. In drug research, emphasis is
rapidly moving towards the importance of hormones and
various potent endogenously produced substances such as
prostaglandins, endorphins, enkephalins, and interferon.
Without doubt such substances will figure prominently in the
next issue of the British Medical Bulletin on mechanisms of
carcinogenesis.
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Suicide and epilepsy
Exact figures of the incidence of successful suicide among
epileptic patients are surprisingly difficult to obtain. Barra-
cloughl amalgamated results from 11 widely disparate and
often highly selected studies and found the overall suicide rate
to be about four times that of the general population. The rate
among patients with temporal lobe epilepsy was especially
high (25 times that expected), though these figures were
biased by a disproportionate number of patients with severe
features who had been referred for temporal lobectomy.
The association of epilepsy and attempted suicide has been

investigated more systematically in two recent prospective
hospital-based studies. Mackay2 in Glasgow and Hawton,
Fagg, and Marsack3 in Oxford found that the overall incidence
of attempted suicide was respectively seven and five times that
in the rest of the population. In the Oxford survey men made
twice as many attempts as women, a finding not confirmed in
the Glasgow study.
A patient with epilepsy might be at a high risk from suicide

for several reasons. Firstly, and perhaps more important,
epilepsy brings social handicaps4-difficulties with housing,
schooling, employment, and social relations-and these
problems are often severe. Over half of the epileptic men
attempting suicide in the Oxford survey were unemployed,
and such unemployment rates among epileptics are not
uncommon. Secondly, psychiatric disturbance is common
among epileptics, especially those with temporal lobe epilepsy,
and this may predispose to suicidal behaviour. In the study by
Taylor and Falconer5 of the outcome in patients who had had
temporal lobectomy, for instance, suicide was found to be the
most common cause of death-despite the much improved
control of seizures. Finally, the anticonvulsant drugs them-
selves may be intensely depressant,6 barbiturates probably
being the worst offenders. In the Oxford study 65% of the
suicide attempts were made with anticonvulsants, and these
drugs were barbiturates in 60% of cases.
What can be done to lessen this risk? Firstly, the ignorance

and intolerance that surrounds the subject of epilepsy needs to
be dispelled, and this may best be achieved by improving
public understanding. The British Epilepsy Association has
an international reputation for its work in this field. Next,
clinicians should watch carefully for psychiatric symptoms in
their patients, and these should be actively treated. Anti-
convulsant medication should be carefully monitored with the
aid (where necessary) of measurement of serum concentrations
of the drugs, which should be used in their smallest effective
dose and singly wherever possible. There is a widespread
failure to follow these principles of modern treatment,7 so
adding substantially to the already heavy burden of epilepsy.
Improvements in each of these aspects of management would
reduce the unnecessarily high suicide rates.
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