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stages of cancer is likely to die. Not that such predictions are
meaningless; the fact that 830/ of these patients died within 12
weeks of admission is itself a confirmation that the patients were
rightly regarded as being in a "terminal" state.
These patients cannot, of course, be regarded as completely

typical of cancer patients because of the means of selection of
cases for admission, but neither are they highly atypical. We
have no reason to believe that cancer patients dying in south-
east London are different from those dying elsewhere. Most
cancer patients die in hospital (610 according to figures for
England and Wales in 19682), and although patients in the
older age bracket are under-represented the sample did include
many elderly patients.
One possible explanation for the consistent optimism which

must be considered is the possibility that the treatment which
is provided for patients at St. Christopher's Hospice actually
shortens their lives. If this were the case we would expect that
the physicians and nurses at the hospice, whom one would
expect to adopt the institutional "norm" of survival, would be
more realistic in their expectations than those who work in other
settings. But this is not the case, nor was there any evidence that
patients given diamorphine (the principal drug given for pain
in that institution) died sooner than those who did not receive
this drug. It seems, then, that this explanation must be set aside.

Because uncertainty is hard to bear relatives and even patients
sometimes press their doctors to give them a precise estimate of
prognosis. We often hear the phrase "The doctor gave him x

weeks to live," usually followed by a "but" and a disclosure
of the magnitude of the doctor's error.
More often than not such anecdotes refer to pessimistic

errors, and the patient's powers of survival despite the doctor's
gloomy predictions are cited as evidence of his courage, determi-
nation, or laudable stubbornness. Our data suggest that doctors
and nurses are more likely to be optimistic than pessimistic
in their estimates at such times, a finding which suggests that
their judgment is clouded by their hopes for the patient's
survival or by their wish to reassure patients and relatives. It is
almost as if, by doubling our realistic expectations, we can will a
little more life into the patient.

Whatever the value of these speculations it does seem that
until reliable indicators of prognosis have been established
precise estimates of life expectancy in terminal cancer patients
should be most cautiously given and interpreted.

This study was planned and initiated by the late Dr. Ronald
Welldon shortly before his own unexpected death in 1969. It
was carried out with the assistance of grants from the Department
of Health and Social Security and the Sir Halley Stewait Trust.
Thanks are due to Dr. Ann Cartwright for helpful comments on
the draft.
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Four mechanisms are recognized by which the blood pressure is
maintained in normal circumstances. They are (1) catecholamine
release, (2) the renin-angiotensin mechanism, (3) aldosterone-
sodium chloride retention, and (4) the autonomic nervous
system. The first three are hormonal and are concerned mainly
with sustaining a background level of vascular tone, while the
fourth is neurological and is responsible for fine adjustment of
the blood pressure to transient changes in the condition of the
body. Each of these mechanisms may be disturbed in pathologi-
cal states so as to affect blood pressure, and any of them may be
interfered with by medical or surgical means in the treatment of
high or low blood pressure.

Catecholamine Release

The catecholamines, adrenaline and noradrenaline, are secreted
by the adrenal medulla.
A functioning tumour of the adrenal medulla, the phaeo-

chromocytoma, liberates excessive amounts of catecholamines
into the blood stream causing hypertension which is often
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paroxysmal. Other manifestations of sympathetic over-activity
such as pallor, sweating, glycosuria, and increased metabolic
rate also occur. The diagnosis of phaeochromocytoma is usually
established by estimation of catecholamines in the urine, though
an assay of blood levels is possible.
The manifestations of a phaeochromocytoma depend on the

relative amounts of adrenaline and noradrenaline it produces.
Adrenaline increases the pulse rate, the systolic blood pressure,
and the cardiac output, while noradrenaline increases peripheral
vascular tone and blood pressure. These different actions
correspond with those mediated by beta-sympathetic and alpha-
sympathetic transmission. Thus the effects of excessive circu-
lating catecholamines in a patient with phaeochromocytoma
canbeblockedby using alpha-sympathetic and beta-sympathetic-
bu-king drugs.
Alpha receptors, which are responsible for vasoconstriction,

hypertension, sweating, and contraction of the erector pilae
muscles, may be blocked by such drugs as phenoxybenzamine
or phentolamine. Beta receptors are blocked by drugs like pro-
pranolol. Alpha-sympathetic and beta-sympathetic-blocking
drugs play an important part both in the diagnosis of phaeo-
chromocytoma and particularly in the management of the
patient during surgical treatment.

Another aspect of the differing effects of catecholamines is in
their administration for therapeutic purposes. The administra-
tion of adrenaline makes good sense in patients with bronchial
asthma or heart block, but is clearly contraindicated in hypo-
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tensive states except when a positive inotropic effect on the
myocardium is wanted. Noradrenaline, as an alpha-adrenergic
drug, will effect vasoconstriction with a corresponding rise in
blood pressure without any direct effect upon the heart.

Sympathetic-blocking drugs also have a place in the treatment
of hypertension of other causes. Alpha-sympathetic-blocking
drugs, such as phenoxybenzamine, are not used in the treatment
of hypertension because they have to be given parenterally and
their action is short-lived. However, beta-sympathetic-blocking
drugs, notably propranalol, are effective antihypertensive drugs
by virtue of their effect on the heart.' The bradycardia and the
diminished force of myocardial contraction cause a significant
fall in c.-rdiac output. If the peripheral resistance remains
constant the blood pressure falls correspondingly. The dosage
of propranalol required for the treatment of hypertension is
often large, and possibly some other pharmacological mechanism
plays a part in its antihypertensive role.

Renin-angiotensin Mechanism

Many renal diseases can cause hypertension. They include
acute and chronic nephritis, pyelonephritis, polycystic disease,
irradiation nephritis, and renal artery stenosis.

Renal artery stenosis has given a particular impetus to research
in renal hypertension because it is often unilateral and may
respond to surgical treatment. Furthermore, experimental renal
artery constriction has been a particularly fruitful research
procedure since the pioneer work of Goldblatt.'
The mechanism by which renal ischaemia causes hypertension

is primarily hormonal. Renin, which is secreted by the juxta-
glomerular apparatus and which is present in the normal kidney,
reacts with a precursor in the blood to form an active pressor
agent, angiotensin. The mechanism by which angiotensin
raises the blood pressure seems to be neurologically mediated,3
probably both locally and through the vasomotor centre of the
brain.

Unfortunately the assay of renin and angiotension is difficult,
and renin is best estimated from renal vein blood. A straight-
forward test by which renal hypertension can be detected does
not therefore exist. An indirect method, measuring the blood
pressure response to infused angiotensin,4 depends upon the
lesser response in patients whose hypertension is caused by a
high level of circulating endogenous angiotensin. The results
of this test, however, have been of doubtful value, and it is not
without risk. Other indirect methods exist by which renal
ischaemia can be detected, and cases of unilateral renal disease
can be selected in which nephrectomy or renal arterial surgery
will probably be beneficial.

Angiotensin is available for the treatment of hypotensive
states. Like noradrenaline, its value in therapy is difficult to
assess but it is unquestionably effective as a pressor agent.

Aldosterone-sodium Chloride Mechanism

The relationship of adrenocortical steroids to the level of
blood pressure is exemplified clinically by the hypertension of
Cushing's syndrome and of Conn's syndrome and the hypo-
tension of Addison's disease. The adrenal hormone responsible
for the abnormal blood pressure in these conditions is aldo-
sterone, a substance mainly concerned with the control of sodium
and potassium excretion by the kidney.5 Excessive secretion of
aldosterone causes an increase in excretion of potassium with
retention of sodium, giving rise to hypokalaemia and hyper-
natraemia. There is an associated alkalosis which is probably
due to a further effect of aldosterone interfering with urine
acidification. While the biochemical disturbances usually
dominate the clinical situation, aldosterone excess also gives
rise to a hypertension which tends to be no more than moderate.
This mechanism of hypertension was recognized experimentally
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with the hypertension and fluid retention which could be
produced by administration of desoxycorticosterone acetate
together with salt.6 Clinically it occurs when there is adreno-
cortical hyperplasia, an aldosterone-secreting tumour, or
stimulation of the adrenals with ACTH or its simulation with
cortisone. The effect of excessive circulating aldosterone can be
modified by aldosterone antagonists such as spironolactone or
by giving a diet abnormally high in potassium or low in sodium.

Assay of aldosterone is difficult, and the diagnosis of primary
aldosteronism tends to be reached indirectly from the bio-
chemical findings or by the radiological detection of an adrenal
tumour. When there are excessive amounts of other adreno-
cortical steroids which can be more easily estimated, as in
Cushing's syndrome, the diagnosis can more readily be made.
Likewise the deficiency of adrenocortical steroids in Addison's
disease seldom presents a difficult diagnostic problem.
The antihypertensive effect of sodium depletion has been

widely used in the treatment of hypertension. It was the basis
of the Kempne; rice diet,7 which was a most effective if dis-
agreeable form of treatment. It was possible with this diet to
reduce the daily intake of sodium chloride to less than one
gramme, and even severe hypertension responded to this.
Another application of the interference with the aldosterone
mechanism was the treatment of severe hypertension by bilateral
adrenalectomy and minimal replacement therapy.8 This form
of treatment, like the rice diet, has been superseded with the
development of the modern range of antihypertensive drugs.
When effective oral diuretics which could cause significant

sodium loss were introduced sodium depletion was re-established
in the treatment of hypertension. The benzothiadiazine diuretics
are now important in antihypertensive therapy. Nevertheless,
their mode of action seems less straightforward than was at
first thought. During the first few weeks of diuretic therapy
there is increased sodium excretion with a reduction in plasma
volume and a fall in blood pressure. The plasma volume then
returns to normal but the blood pressure remains at the lower
level, so that in the long term these diuretics seem to affect the
peripheral vascular resistance as well as the excretion of sodium
and water.9

Autonomic Nervous System

The three endocrine mechanisms of blood pressure control
have interesting clinical reflections in certain diseases associated
with hypertension but have only limited relevance to the treat-
ment of hypertensive patients. The autonomic nervous control
of the blood pressure, however, has no recognized relevance

NEURAL CONTROL OF BLOOD PRESSURE

H.C.

FIG. 1
C.S.=carotid sinus. A.A.=aortic arch. V.M.C.=Vasomotor centre.
H.C.=higher centres. V.=-vagus. C.S.-cardiac sympathetic. S.-sym-
pathetic nerves.
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to hypertensive disease, but is crucial in the therapy of hyper-
tension.
The nervous pathways responsible for minute to minute con-

trol of the blood pressure (Fig. 1) begin with the baroreceptors
in the carotid body and aortic arch. When these are stretched
by an increase in blood pressure afferent stimuli pass from them
by the sympathetic nerves to the vasomotor centre in the
midbrain, from which efferent impulses pass to the heart and
blood vessels, restoring the status quo. The efferent flow is by
the vagus and the cardiac sympathetic nerves to the heart and
by the sympathetic nerves to the blood vessels (Fig. 2). The
pathway is via the spinal cord to cells in the grey matter and

SYMPATHETIC CONTROL OF VASCULAR TONE
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FIG. 2
V.M.C. =-- Vasomotor centre. G.B. drug= ganglion blocking drug.

from there to the effector cells of the sympathetic ganglia. The
synaptic transmission in the sympathetic ganglia is mediated
by acetylcholine, as in the synapse of the parasympathetic. The
nerve endings of the effector cells in the walls of the blood vessels
are, by contrast, adrenergic-the alpha-adrenergic receptors
responsive to noradrenaline.

GANGLIOPLEGIC DRUGS

The first step in the treatment of hypertension by interfering
with the autonomic control of the blood vessels came with the
discovery by Paton and Zaimis in 194810 of the autonomic-
blocking properties of the hexamethonium and pentamethonium
compounds. These substances have a ganglioplegic effect on the
acetylcholine mediated synapses of the autonomic nervous
system. Hence they have blocking effects on both the sympathetic
and parasympathetic outflows. They cause a reduction of blood
pressure through a fall in vascular tone which is more pronounced
in the erect position, for in this position the neural response to
baroceptor afferents makes a greater contribution. Other effects
are an increase in heart rate owing to vagal block, dry-mouth,
paralysis of accommodation, constipation, and urinary retention
from parasympathetic blockade. Though a succession of more
satisfactory ganglioplegic drugs appeared they all had the same
troublesome side effects, and a drug with a selective sympathetic
blocking action was obviously desirable.

SYMPATHETIC BLOCKING DRUGS

The sympathetic blocking drugs provided the advance which
eliminated most of the untoward side effects of the autonomic
ganglioplegic drugs. Their exact site of action is unknown, but
it is either in the sympathetic effector cell or its endings in the
blood vessel, a point of adrenergic rather than cholinergic
transmission."1 Two drugs of this category, guanethidine and
bethanidine, have continued to be widely and successfully used.
They may cause postural hypotension, but most of the other

unpleasant and someLimes dangerous complications of ganglion-
blocking drugs are eliminated.

METHYLDOPA AND RESERPINE

Two other drugs widely used in the treatment of hypertension,
methyldopa and reserpine, may interfere with the vascular tone
by their effect on the noradrenaline transmission at the sympa-
thetic nerve endings. Methyldopa is a decarboxylase inhibitor,
thus causing a decrease in concentration of noradrenaline in the
tissues'2 and its displacement by a "false" transmitter, alpha-
methylnoradrenaline. This suggests that its antihypertensive
effect might be due entirely to deficiency of noradrenaline at the
sympathetic nerve endings. However, this hardly seems likely
in view of the differences between its effect and that of
guanethidine-for example, postural hypertension is seldom
caused by methyldopa. A central component to its effect
has been demonstrated, but this too seems inadequate to
explain its antihypertensive effect. Reserpine causes depletion
of catecholamines in various parts of the body,'3 including the
postganglionic sympathetic nerves, and its antihypertensive
effect is probably through this mechanism.

The various mechanisms in the body which control the blood
pressure, the levels of circulating catecholamines, the secretion
of renin by the kidney, the aldosterone control of electrolyte

Mode of Action of Antihypertensive Agents

Type of Drug Examples Site and Mechanism
of Action

Ganglion-blocking drugs Pentolinium Cholinergic autonomic ganglia
Mecamylamine

Sympathetic-blocking drugs Guanethidine Postganglionic sympathetic
Bethanidine neurone-adrenergic

Beta-adrenergic-blocking Propranolol Beta-adrenergic neuromuscular
drugs transmitters in the heart

Decarboxylase inhibitor Methyldopa Causes tissue depletion of
r.oradrenaline and its
displacement by "false
transmitter"

Benzothiadiazine diuretics Bendrofluazide Increased sodium excretion
causing reduced blood volume,
also reduction in peripheral
vascular resistance

Catecholamine depleter Reserpine Reduction of postganglionic
sympathetic activity by
depletion of transmitter
substance

metabolism, and the nervous pathways to and from the heart
and blood vessels may be disturbed in disease states to give rise
to hypertension or hypotension. Most forms of antihypertensive
therapy can be understood in terms of interference with one or
other of these mechanisms (see Table). Nevertheless, there are
still doubts about the means by which some clinically effective
drugs have their effects.

This article is based on a lecture given in the Birmingham course
under the title "The Scientific Basis of Clinical Practice" (see
B.M.7. 27 November 1971, p. 510).
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