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Hypoxia, almitrine, and peripheral neuropathy

The chronic hypoxia seen at high altitude or induced
experimentally by environmental changes has several
physiological and pathological consequences. The
carotid body, the principal sensor of blood oxygen
tension, enlarges' and contains increased amounts of
dopamine and noradrenaline.” The hypoxic drive to
ventilation diminishes.’ In the lung there is constric-
tion of pulmonary arterioles in association with
increased muscularisation of their walls, right ven-
tricular hypertrophy, and a rise in pulmonary arterial
pressure.*® In patients with severe obstructive airways
disease chronic hypoxaemia when severe is associated
with peripheral oedema, often inappropriately termed
cor pulmonale. Although the clinical features resemble
cardiac failure with a raised jugular venous pressure,
hepatomegaly, and gross anasarca, cardiac output is
normal or even raised and right ventricular function
minimally disturbed. Renal blood flow is reduced by
half or more, and this seems to be a critical
physiological abnormality, closely correlated with
hypoxaemia and hypercapnia, particularly the latter.*’

It was hoped that many of these features in patients
with hypoxaemic chronic obstructive airways disease
would be improved by oxygen therapy designed to
restore arterial oxygen tension to at least 8 kPa and
arterial oxygen saturation to 90% or more. The benefit
so far, however, has been limited. Long term
domiciliary oxygen therapy was found to require
administration for at least 15 hours a day for benefit to
be seen, better results requiring even longer treat-
ment—up to 24 hours a day.?® Survival is increased for
some years with long term oxygen therapy but this fails
to arrest the decline in airway function or the continu-
ing pathological changes in small pulmonary vessels;
benefit in the long term is limited."

Attempts have been made to reverse the effects of
hypoxia by pharmacological means as this would
be considerably more convenient for the patient.
Almitrine bismesylate, an orally administered triazine
derivative, functions as a peripheral chemoreceptor
agonist stimulating afferent carotid body nerves much
as in hypoxaemia." It causes an increase in minute
ventilation and there may also be subtle ventilatory
changes that are not detected as an increase in total
ventilation, which increase gas flow to alveoli.
Almitrine also causes pulmonary vasoconstriction,
possibly more so in hypoxic areas of the lung. Whether
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the improved arterial blood gas tensions seen with
almitrine are due to an increase in minute ventilation'
or to improvement in ventilation-perfusion (V/Q)
matching due to selective pulmonary vasoconstriction
is still debated" (evidence reviewed by Tweney").

Treatment with almitrine causes a rise in arterial
oxygen tension of a magnitude similar to that
produced by oxygen therapy. Studies of patients with
chronic obstructive airways disease'’ using almitrine in
a daily dose of 100-200 mg have so far shown some
reduction in oedema and reduced exacerbations of
illnesses requiring hospital admission. There has,
however, been no effect on survival comparable to that
seen with long ternt oxygen therapy. Breathlessness
has been increased in some patients and decreased in
others. Reversible peripheral neuropathy is the most
important side effect. This has focused attention on the
neurological manifestations of chronic hypoxaemia in
patients with obstructive airways disease.

In the trials of long term oxygen, treatment was
found to improve neuropsychiatric manifestations,
such as depression, quality of life, and emotional
behaviour marginally.' Patients with hypoxaemic
bronchitis were found to have a much greater range of
neuropsychological abnormality than matched con-
trols but overt peripheral nerve disorder was not
observed (reviewed by Grant and Heaton."”) The first
papers on peripheral nerve function in patients with
chronic obstructive airways disease reported
physiological disturbance of peripheral nerve function
in up to 60% of patients, though there was little
clinical evidence of this."*® The disorder was con-
sidered to be “‘subclinical.” When peripheral
neuropathy was first reported in a small number of
bronchitic patients taking almitrine by Chedru et a/ %'
and Gherardi er al  the neurological disturbances
were attributed to the drug.

Further studies with almitrine showed that the onset
of neuropathy was usually insidious and of mostly a
distal sensory neuropathy affecting the lower limbs in
particular, with histological and electrophysiological
evidence of axonopathy.”? Although the first reports
suggested that peripheral nerve pathology might be
associated with almitrine with or without additional
effects from other respiratory drugs, electro-
physiological studies soon began to show that patients
with hypoxaemic chronic bronchitis had a similar
incidence of such changes whether treated with
almitrine or not.”? Electrophysiological changes are
seen more often than abnormal neurological symp-
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Plasma almitrine concentrations from patients in the active
group of Vectarian International Multicentre Study. Patients
complaining of paraesthesiae had higher plasma almitrine
concentrations than those without such symptoms. From
Voisin et al”; reproduced by courtesy of the Bulletin
Européen de Physiopathologie Respiratoire.

toms and signs.” With almitrine the clinical manifesta-
tions for some reason are more apparent. There are
problems with standardisation of electrophysiological
measurements and much disagreement between
neurophysiologists (see review by Jarratt®). The clear
implications are that caution needs to be exercised in
comparisons of the incidence of electrophysiological
abnormalities in patients with hypoxaemic chronic
obstructive lung disease.

Prospective studies on the relation of almitrine to
peripheral neuropathy have been published recently.*
Lerebours et al' studied 110 patients with chronic
bronchitis and hypoxaemia, 22 receiving almitrine
(50 mg twice daily) and 78 acting as control subjects.
At the start of the study 64% of the control subjects
and 55% of patients receiving almitrine had at least
one neurophysiological abnormality. After six and 12
months of almitrine treatment there was no change in
any of the clinical or physiological measures studied.
In another long term placebo controlled, double blind
multicentre study of almitrine treatment in patients
with hypoxaemia and chronic bronchitis" 50 of 344
patients in the treated group (14-5%) recorded paraes-
thesiae compared with only eight of 357 (2:2%) in the
control group (p < 0-001). The dose of almitrine in
this study varied from 100 to 200 mg daily. Some
patients accumulated plasma concentrations well
above the optimal therapeutic concentration of 200-
300 ng/ml. Raised plasma almitrine concentrations
were related to the incidence of symptoms (figure).

In this issue Allen and Prowse® record the results of
a careful double blind prospective study of 12 patients

with chronic bronchitis. None of the seven patients
receiving placebo developed clinically manifest
peripheral neuropathy and electrophysiological
measurements did not show deterioration. Of the five
receiving almitrine (50 mg twice daily for nine to 18
months), four developed clinical features of peripheral
neuropathy and in two there was increased electro-
physiological abnormality. Slow improvement fol-
lowed cessation of treatment. Their study suggests that
patients developing the first symptoms of paraesth-
esiae should have the drug stopped and that recovery
may then be expected.

Hypoxaemia appears to be the principal aetiological
factor for peripheral neuropathy, in addition to
almitrine; but concurrent features, such as age, alco-
holism, tobacco smoking, and taking other drugs, may
contribute. It is intriguing to speculate how almitrine,
whose effects mimic many of the other physiological
aspects of hypoxia, might augment neurological con-
ditions caused by hypoxia. Recent work by Ward and
colleagues™ suggests that local hypoxia is important in
the aetiology of peripheral neuropathy in diabetes
mellitus. There are many similarities between the
neurological features of the two conditions. Endo-
thelial proliferation of the vasa nervorum has been
found in sural nerve biopsy specimens from patients
with diabetes mellitus and similar changes have now
been shown in peripheral nerves* from patients with
chronic bronchitis and hypoxaemia. This is of par-
ticular interest for studies in small pulmonary vessels,
where we have found gross endothelial proliferation.'
Disturbance of endothelial growth factors by hypoxia
might be a common denominator of vascular endo-
thelial and smooth muscle changes in several parts of
the body.

A daily dose of almitrine bismesylate of 100-200 mg
appears to be too high. Our own studies (unpublished)
with lower doses have so far shown a similar
improvement in arterial oxygen tension with notice-
ably less neurological side effects. The optimal
therapeutic dose has still to be determined. A thresh-
old phenomenon has not been observed.

The carotid body with its afferent nerve supply
intact has been shown to be an essential prerequisite
for the increase in arterial oxygen tension with
almitrine in experimental animals® and man.” The
enlargement of the carotid body, with accumulation of
catecholamines, particularly dopamine, in patients
and animals with chronic hypoxaemia, suggests that
almitrine could exert its effects by manipulating the
concentration or action of these transmitters. Are the
actions of almitrine restricted to the carotid body? The
enhancement of hypoxic effects on peripheral nerves
suggests a possible direct effect on this tissue, perhaps
through hypoxia receptors or by restriction of blood
supply from endothelial proliferation. In short term



experiments no discernible effects of almitrine could be

observed in chemodectomised animals® or man.'> The

carotid body is therefore not excluded as an important

intermediary or even modulator of hypoxic neural

effects. The same consideration might apply to other

body tissues, including endothelium. Further studies

of the interaction between hypoxia and almitrine on

the carotid body and tissues such as lung, kidney, and
peripheral nerves are awaited with great interest.
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