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The jmportance ©f the gympathetic mervous system in
cardiovascular regulation has led clinical researchers to

invest much effort into the development ©f methods for
measuring its activity in healthy subjects it response to =
variety of stimuli, and in a variety of disease states. By
contrast, there has to date been only limited applications
for the Sophisticated biochemical and other techniques
that are now eyveryday tools in clinical research. This
article reviews the main clinical applications of autonomic
functions tests, together with the techniques that are
commonly employed.

The measurement of sympathetic aCtiVitY

The gympathetic merves are the one pary Of the nervous
system whose activity can be assessed (yithin certain
limitations) by the biochemical estimation in plagmg ©f
their neurotransmitter, noradrenaline. Unlike acetylcho-
line, which is the neurotransmitter of both the yoluntary

nervous gygtem @nd the parasympathetic nerves, nora-
drenaline has a relatively long duration of action in the

synaptic clefts, where it is released, and subsequently in
the bloodstream. Putative purinergic transmitters, such
as ATP, are also papidly metabolised; whereas several of

the putative peptide neurotransmitters may be too large
to diffuse from nerve endings in the adventitia of blood

vessels to the vessel lumen.

However, it is important te realise that the noradrena-
line circulating in the bloodstream is almost entirely =
spillover from nerve endings and does not itgelf, under
normal circumstances, contribute to the effects of sym-
patho-adrenal activation. Moreover, it has become clear

over the pagt few years that the proportion ©f circulating
noradrenaline arising from different tissues varies not

with the density of sympathetic innervation in a tissue but
with the width of the synaptic gap [1-3]. This is because
noradrenaline released into a narrow synaptic gap is

recaptured by the nerve ending, whereas in wider clefts
the noradrenaline is moxre ]jkely to gpill into the circula-

tion. In particular, the heart contributes a gyrprisingly
small fraction of a measured plasma noradrenaline con-
Centration?probably less than 5 per cent. At the same
time, it has become clear that sympathetic activity te
individual tissues can yary independently, =o that, for
instance, increased renal sympathetic nerve activity may
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contribute to some cases of renovascular hypertension
where plasma renin is not elevated?but plasma nora-
drenaline also lies within the normal rapge.
Noradrenaline is often measured together with its N-
methylated metabolite, adrenaline, and it is useful to

consider priefly the origins of the latter before describing
the measurement techniques themselves. Adrenaline is

the major catecholamine secreted py the adrenal medulla.
This is because the enzyme which catalyses its synthesis
from noradrenaline is gbsolutely dependent = induction

by high concentrations of glucocorticoids,
present within the adrenal medulla as a result of the

which are

portocapillary circulation from the cortex. Unlike nora-
drenaline, adrenaline is a true circulating hormone, but
its functions in man have been largely subsumed by the
sympathetic nervous gystem, and under most physiologi-
cal conditions the concentration of adrenaline in the
bloodstream is too low to contribute to the effects of
sympathoadrenal activation. The exceptiong relate to the
relative beta2: betai receptor selectivity of adrenaline
(compared to noradrenaline). The major effect of beta2
stimulation gppears to be a reduction in plasma potass-
ium concentration secondary t° potassium influx into
cells [4-6], This may play = protective role during severe

exercise, but gy contribute to grrhythmias in patients
suffering a myocardial infarct. The other characteristic of

adrenaline, which differentiates it from other physio]_ogi_
cal hormones, is that its release is not Subject to any
negative feedback control but can to the contrary ©e
enhanced by = number of amplification loops (eg via
ACTH and gngiotensin-II release); this may explain why
several hundred-fold increases in the plagmg concen-
tration of adrenaline can occur rgpidly in extremis (eg
severe ghock), and suggests that adrenaline is the final

emergency limb of the Tight and flight' reaction [,

Measurement techniques

Two main typeg of technique exist for the measurement of
in addition,
their metabolites can be measured py simpler methods in

noradrenaline and adrenaline: several of
most routine biochemistry laboratories.

The radioenzymatic assay °f catecholamines is based
on their gpecific conversion to a radioactively labelled
methylated product in the presence ©f the enzyme, cate-
chol-O-methyltransferase (COMT), 2@nd = radioactively
labelled methyl donor, S-adenosyl-L-methionine. This
technique is the most sensitive available and can be made

very precigse by wse of = double-isotope technique ®°
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correct for the variable recovery of label in different
samples. The main proplem is one of cost since gaturating
amounts of label are used to ensure that the rate of
enzymatic conversion of the catecholamine is not limited
by the concentration of the methyl donor [8[91‘

The alternative technique s high performance liquid
chromatography (HPLC) using an electrochemical detec-
tor. The pringiple of this is that catecholamines are
readily oxidised by applying a yoltage across the effluent
from the HPL.C column, and the size of the resulting
oxidation current is proportional to the concentration of
catecholamine injected on to the column. This technique
can be gemi-automated, and the recently introduced
Waters detector ensures detection of noradrenaline in

most plasma Samples. However, the identification of

adrenaline continues to be a problem, with 'gpurious
adrenaline peaks' leading some patients With suspected
phaeochromocytoma t° unnecessary investigations 2and
even gyrgery. ! would not currently diagnose = phaeoch-
romocytoma ©» the basis of an isolated HPLC measure-
adrenaline but normal

ment elevated

showing ==
noradrenaline concentration.

It is not reasonable to expect either of the above
techniques to be available in most routine laboratories,
and these rightly use a simpler method for the major

below?screening for
is

clinical application described

phaeochromocytoma. Vanillylmandelic 2cid (VMA)
the product of noradrenaline and adrenaline when they
have been metabolised by both coMT (the same enzyme
used in the radioenzymatic assay) and monoamine oxi-
dase (MAO) ?the enzyme Whose inhibition is employed
in the therapy of depression. VMA is formed both within
nerve endings that capture the circulating catecholamines
and within the liver. There is a long time delay between
its formation and its appearance in the ploodstream, so
that there is no point in trying te measure short-term
changes in the circulating concentration and it is in
practice measured in a 24-hour urine sample. The most
commonly used technique is based on gpectrophotometric
estimation of the product of VMA oxidation. Providing
that the ]ahoratory concerned is given enough samples to
be running the method reqularly, the technique is =
reliable ope, and the only known drug interference is by
L-Dopa, whose deaminated and methylated metabolite,
homovanillic acid, is structurally similar to VMA.

Clinical applications

As already intimated, chemical gpplications are limited?
in fact to two principal conditions: one with elevated

and the

catecholamine gecretion, phaeochromocytoma

other with reduced gecretion, autonomic neuropathy.

The diagnosis of phaeochromocytoma

This has been extensively reviewed [10,11]. It is undoubt -

edly = very rare condition, accounting for less than l pey
cent of all patients with hypertension. O the other hand,
it is one of the few truly curable causes of hypertension,
and is also potentially = lethal cause?either because of

the impogsibility ©f detecting malignancy in advance, o=

because of gpontaneous 279 catastrophic infarction of the
tumour. These reasons jygtify the routine screening of all
but the most elderly ©f hypertensive patients, since the
other clinical features associated with the diagnosis (par_
oxysmal hypertension, sweating, pallor etc) are frequent-
ly absent.

The role of catecholamine and metabolite measure-
ments is much greater, therefore, than the incidence of
the tumour itself might suggest, and this role is magnified
by the anxiety which is correctly engendered in physicians
about missing the diagnosis when the first measurements
are borderline. However, a few simple rules of thumb
help to reduce this anxiety and hence the need for further
tests in the majority ©f patients with borderline wv™Ma
estimations.

1. It is useful to divide the diagnostic process into two
separate @nd gequential parts. The first, resting entirely
on biochemical tegts,

patient have a phaeochromocytoma? The second, mainly
radiologicall answers the question, where is the tumour?

answers the question, does the

False pogitive and npegative diagnoses arise when the
localising tests are used to tyy and answer the first
question.

2. Patients with a phaeochromocytoma are relatively
insensitive to their elevated catecholamine lgyelg, this
being = good example ©f receptor down-regulation. Thus,
even mild degrees ©f hypertension require = several-fold
elevation of plasma catecholamine yalyes, if the latter are
the cause of the hypertension. Therefore a trivial (Jegg
than typ-fold) elevation of VMA excretion in a patient
with severe or mglignant hypertension is evidence yqaingt

the diagnosis ©f phaeochromocytoma?especially if (as is
often the case) the patient is being treated with a vaso-

dilator drug that itself causes barorellex activation of
noradrenaline release.

3. Only = minority of phaeochromocytoma patients
have plasma catecholamine values that are less than two-
fold elevated, and above this yange only cardiac failure of

2 clinically apparent degree <a» commonly cause a similar
elevation of catecholamine values []2], Even in patients

who are intermittently normotensive, it is exceptionally
rare for both plasma catecholamines to be within the
normal ygpge; ! have not found this in over 50 patients.

4. Large tumours secrete mainly noradrenaline be-
cause most of the cells (gyep in the 3drepngl) are no longer
exposed to = high Cortisol concentration that induces
adrenaline gynthesis. A significant degree ©f hypertension
requires the elevation of noradrenaline.

As well as confirming the diagnosis, the measurement
of plasma catecholamines is useful in indicating the
likelihood of an adrenal site of the tumour, in which case
(comprising 90 per cent of the tymoyurs) plasma adrena-
line levels are usually raised. If only the adrenaline
concentration is found to be high, and this is confirmed
by radioenzymatic assay, or if the plasma noradrenaline
concentration is less than twice pormal, the blood sam-
pling should be repeated before and after pentolinium
[13]. This is a ganglion-blocking drug which guppresses
physiological but not tumour-derived secretion of cate-

cholamines, although suppression is not galyays seen if the
basal values are not themselves elevated. We use a 2.5 mg
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intravenous bolus of pentolinium, with blood gamples
being drawn immediately before and at 10 and 20
minutes pogt-pentolinium. The drug should not be given
to patients Wwith gignificant renal impairment, and
patients should remain gypine for 90 minutes after ipjec-
tion of pentolinium.

Localisation of the tumour. This ggpect 1s not gtrictly
relevant to this article, except that in approximately 15
per cent of patients with extra-adrenal phaeochromocyto_

mas, the radioisotope (ml1BG)
tumour and it is necessary to perform selective venous

scan fails to locate the

sampling [14,15]. This technigue was once used [y us for
all patients prior to the advent of CT scanning for adrenal
and then radioisotope scanning for the
Probably, experience ©f
which gamples are necessary 2t the time of the gampling

procedure, together with the laboratory backup, are
necessary £or the technique to remain the ultimate localis-

tumours [16]

extra-adrenal tumours [17],

ing method, and it would seem unadvisable to undertake

this outside a gpecialised centre [18]. It is not yet apparent
which tumours fail to accumulate the m1BG jgotope,
although °me sub-group is the chemodectomas (carotid

body and glomus jugulare tumours) which arise from
chemoreceptor tissue that may lack the noradrenaline

uptake pump by which m1BG is accumulated in chromaf-
fin tissue [19],

Autonomic peyropathy

Unlike phaeochromocytoma, this is a clinical syndrome
with several cauges, and the precise clinical features in an

individual patient depend on which parts of the auto-
nomic nervous gystem?parasympathetic @nd sympathet-
ic, afferent and efferent nerveszare involved. Again,
there have been numerous reviews [2(,2]1] se what follows
will be a glightly personal view of how these patients can
be diagnosed most efficiently using modern techniques
for assessment of gympathetic @nd parasympathetic ac-
tivity.

Whereas, in phaeochromocytoma the sxcess circulating
levels of catecholamines arise from 'endocrine' secretion
from the adrenal gland (or @» ectopic tumour), in auto-

nomic neuropathy it is usually degeneration of the sympa-
thetic nerves that leads to clinical proplems. Given the

variable relation between circulating and synaptic cleft
noradrenaline concentrations, it is not surprising that
single plasma noradrenaline estimations are not useful in
making the diagnosis except iR very severe cases. Even
when the adrenal medulla is also degenerate, the wide
range of 'mormal' plasma adrenaline levels can make it

difficult to diagnose adrenomedullary failure from a
single resting sample. So in the case of both catechola-

mines the diagnosis ©f autonomic neuropathy requires the
measurement Of their yegponge to stimulation.

Reviews of autonomic neuropathy usually list = formi-
dable pattery Of tests used in the assessment of patients.
Even the apparent]_y simple ones, such as the Valsalva
manceuvre or measurement Of pegpiratory variation in

heart rate, are not easy to perform with sufficient accura-

cy to be helpful unless performed with the aid of equip_
ment that can provide = continuous record of blood

pressure ©F heart rate. The loss of respiratory variation in
heart rate is often the earliest, and therefore the most
sensitive indicator of autonomic neuropathy, and is due

to vagal merve degeneration[22]. However at this stage
patients are likely to be asymptomatic se that the test is
helpful clinically only in differentiating autonomic neuxo-
pathy from other causes (guch a= salt depletion). For
researchers, clearly, it has greater wse in drawing their
attention to patients With autonomic neuropathy before
they present with the clinical problem of orthostatic
hypotension.

Since orthostatic hypotension is the main clinical prob-
lem, and is due to a failure of the normal sympathetic
activation in regponse t° standing, the most direct and
simplest method of evaluating such patients is to measure
the plasma noradrenaline concentration in the gupine
position and after gtanding for two and five minutes. In
patientgs who cannot stand at g]], the test can be per.
formed yging = tilt table to raise the patient to only 457-
As zlways With samples for catecholamine gnalysis, the
blood should be taken into chilled lithium heparin tubes
and geparated as soon as poggible. Thereafter the plagsma
must be kept frozen and transported on dry ice (or in
liquid nitrogen) to the catecholamine laboratory. Provid-
70?C, the
catecholamines are yery Stable. The normal erect plasma

ing that the gamples <a=» be stored at

noradrenaline concentration varies between 30 and 100
per cent above the supine level.

The other form of stimulation test which is occasionally
useful in diabetics with hypoglycaemic episodes, is to
induce hypoglycaemia and measure the adrenaline re-
sponse. This is one circumstance where adrenaline is
more important than noradrenaline (Wthh may Dot be
released at all in regponse t© hypoglycaemia). However,
patients can still mount a counterregulatory response °
hypoglycaemia in the face of adrenomedullary failure if
their glucagon secretion is intact, and the evaluation of
counterregulation requires at = minimum the measure-
ment of adrenaline and glucagon. It may still be felt to be
useful to determine whether the lack of gappropriate
warning symptoms i? respomse t© hypoglycaemia is due
to adrenomedullary failure, but the management ©f such

patients is genera]_]_y guided more by their clinical than
their biochemical features.

Assessment of treatment. The measurement of catechola-

mines plays a surprisingly small part in the assessment of
the treatment of autonomic neuropathy. This is partly
because the indirect sympathomimetics that have been
used in an attempt to increase noradrenaline release have
not proven useful; and partly because of increasing
realisation that the hypotension is often compounded by
fluid depletion,
focussed on this area than {jrectly o= the sympathetic
nervous gystem[21,23]. patients with autonomic neuro-

and treatment can more ygefully be

pathy have reversed day/night patterns ©f urinary flow,
possibly because renal perfusion is improved when they
are gupine 2t night. Symptomatic improvement <==
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sometimes be obtained if patients sleep in a semi-recum-
bent position. Drug therapy mow concentrates on the use

of fludrocortisone to enhance sodium retention; and
recent]_y the use of a nocturnal dose of DDAVP has been
advocated to stimulate nocturnal yrinary concentration
[24], However, the latter must be used cautiously, and
only after a first test dose, if water intoxication is to be

prevented.

Denervation hypergensitivty, Just == patients With phaeoch-
romocytoma have down-regulated receptors, patients
with autonomic neuropathy ar< hypersensitive to catecho-

lamines. This is yguyally = pharmacological curiosity,
although from a research point of view these patients may

be oy, valuable in helping to establish whether some of

the putative co-transmitters of noradrenaline (ATP and

neuropeptide Y) play = physiological role- Occasionally,
we have seen patients in whom the denervation hypersen-

Slthlty itself leads to clinical problems' The most striking
example was a patient with the Holmes-Adie syndrome

who presented with paroxysmal headaches and hyperten-
sion, and on the basis of a gpurious HPLC catecholamine

estimation was extensively investigated for phaeochromo-
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