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Figure 2 Axon (a) exhibits stubby side arm
(arrow) and accumulations of mitochondria.
Note concentric layers ofpale-staining
lamellar cells (1). Scale bar 10 um.

plasmic organelles between the various
axons. In some axons the mitochondria were
arranged peripherally around a core of
filaments and microtubules, whereas in others
the entire axonal profile was stuffed with
mitochondria, dense bodies and filaments.
These differences have been reported in
lamellated sensory corpuscles in the oral
mucosae of the adult cat and miniature pig,
and have been correlated with terminal and
ultraterminal segments of the central axons
respectively.' The aggregate was loosely
encapsulated by fibroblast-like cells, similar
to those that have been described forming a
"pseudocapsule" around coiled simple cor-
puscles in primate skin.'
This finding appeared to be incidental to

the clinical presentation which was that of a
multiple mononeuropathy associated with
sarcoidosis. We have not encountered similar
structures in any ofover 100 other sural nerve
biopsies. However, Pacinian corpuscles have
been described within the connective tissue
associated with human peripheral nerve
fibres5 (Hall, Hughes and Atkinson, unpub-
lished observations). Timofeew's corpuscles,
encapsulated sensory receptors similar to, but
smaller than, Pacinian corpuscles, have been
described as transient structures which occur
in close relation to pelvic autonomic nerves
and ganglia in late fetal and early post-natal
life: their function is unknown.' Presumably
the corpuscles that we have described are
mechanosensitive: their situation within a
relatively mobile section of peripheral nerve
may therefore be significant.

SUSAN HALL
RICHARD HUGHES
PENNY ATKINSON

Departments of Anatomy and Neurology,
Guy's Hospital,

London, UK

1 Andres KH, von During M. Morphology of
cutaneous receptors. In: Iggo A, ed. Handbook
of sensory physiology. Berlin: Springer,
1973:3-28.

2 Halata Z. The mechanoreceptors of the mam-
malian skin. Advances in Anatomy,
Embryology and Cell Biology 1975;50:3-75.

3 Tachibana T, Fujiwara N, Nawa T. Intraperi-
neural localization of lamellated sensory cor-
puscles in the skin and oral mucosa ofthe adult
cat and miniature pig. J Neurocytol 1989;
18:61-9.

4 Halata Z, Munger BL. The sensory innervation
of primate facial skin. II. Vermilion border
and mucosa of lip. Brain Res Rev 1983;5:
81-107.

5 Thomas PK, Olsson Y. Microscopic anatomy
and function ofthe connective tissue compon-
ents ofperipheral nerve. In: Dyck PJ, Thomas
PK, Lambert EH, Bunge R, eds. Peripheral
neuropathy. Philadelphia: Saunders, 1984:
97-120.

6 Bacsich P. On the presence of Timofeew's
sensory corpuscles in the autonomic plexuses
of the human prostate and seminal vesicles. J
Anatomy 1969;104:182.

Permanent oculomotor palsy with
occlusion of the internal carotid artery

Transient palsies of the third, fourth and
sixth cranial nerves, as well as retinal
ischaemia, have recently been described
ipsilateral to occlusion of the internal carotid
artery.' We report a case of permanent
oculomotor palsy occurring in this situation.
A 77 year old right handed white woman

was admitted having developed sudden left
sided weakness two weeks previously. Two
days before admission she experienced
supraorbital pain with visual loss in the right
eye and abnormal eye movements.
Four months earlier she had developed left

hemianaesthesia, weakness and then dys-
arthria in a stepwise manner over two weeks.
There was occasional jerking of the left hand,
she had a homonymous left hemianopia and
left sided pyramidal signs. The fundi were
normal. Carotid doppler ultrasound was nor-
mal. The CT brain scan showed patchy gyral
enhancement in the right frontal and parietal
lobes, and a diagnosis ofischaemia in the right
internal carotid artery territory was made.
Over the next three months her neurological
disability improved.
There was also a past history of ischaemic

heart disease (treated with verapamil, aspirin
and dipyridamole) and a five year history of
chronic myelomonocytic leukaemia.
Occasional myelosuppression was treated
with etoposide the last treatment being given
two months previously. The antinuclear
factor was known to be weakly positive
(speckled) with negative DNA and ENA
antibodies, rheumatoid factor, cryoglobulins
and circulating immune complexes. Serum
complement levels were normal.
On examination the blood pressure was

150/90, and both carotid arteries were
palpable with no bruits. The mental state was
normal. Vision was NPL on the right and 6/6
on the left with a left hemianopia. The right
globe was mildly injected, there was a com-
plete ptosis on the right, and adduction, up-
and downgaze were absent, with intortion on
attempted downgaze. Abduction, and
movements of the left eye, were normal. The
right pupil was dilated and fixed, the left pupil
reacting briskly to direct light and to accom-
modation. The retina was normal on the left
but on the right it had the appearance of a
central retinal artery occlusion with diffuse
retinal oedema sparing the macula, and atten-
uated vessels. No haemorrhages or emboli
were visible and the optic disc was normal.
There was also weakness of the lower face on
the left, and in the limbs tone was normal but
there was no movement of the left arm or leg,
together with left hyperreflexia and an
exterior plantar response. Finally, there was
sensory inattention on the left.

Figure (A) Contrast-enhanced CT scan
during the second admission showing a large
hemisphere infarct. B) Occlusion of the right
internal carotid artery near its origin (arrow).

As before, the blood count and film,
erythrocyte sedimentation rate and routine
biochemistry were normal. The CT scan
(fig A) now showed a large infarct involving
the whole of the right middle cerebral and
part of the anterior cerebral territory, with
swelling of the hemisphere but no abnormal
enhancement. In a selective right carotid
angiogram (fig B), the right intemal carotid
artery was occluded 2 cm from its origin.
There was no filling ofthe ophthalmic artery,
nor any intracranial filling from the extemal
carotid circulation. Flow through the ophth-
almic veins, and the cavemous sinus itself,
were normal.
There was no recovery in the ocular find-

ings during a further month in hospital,
although motor function improved slowly.
Thus the patient presented with occlusion

of the right internal carotid artery, ischaemic
visual loss in the right eye, and contralateral
hemiparesis. The close temporal association
of a complete right oculomotor palsy with
these latter deficits suggests that it too was
caused by ischaemia following the carotid
occlusion. Indeed, there were no signs of
brainstem ischaemia, nor indications ofactive
vasculitis clinically or in laboratory tests. Her
chronic leukaemia remained in remission,
and the CT and angiographic studies showed
no cavernous sinus lesion. Finally, the cons-
cious level was not depressed at any stage,
there were no ipsilateral motor deficits, and
the vital signs remained stable, arguing
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against any tentorial herniation as a cause of
the oculomotor palsy.
Wilson et al' recently described three

patients with internal carotid artery
occlusions who also had transient ocular
motor palsies, generally recovering within
hours. However, pupil dilatation and ptosis
were observed for up to three weeks. The
most likely mechanism was transient impair-
ment of the nutrient circulation of the ocular
motor nerves. For example, the oculomotor
nerve receives its blood supply from an

anastomotic plexus of small arteries which in
turn is supplied from branches of the internal
carotid artery within the cavernous sinus,
from multiple branches of the maxillary
artery, as well as from the ophthalmic artery
anteriorly, and from the posterior cerebral
and basilar arteries posteriorly.2' This rich
blood supply from multiple sources could
explain why oculomotor palsy is so unusual,
even transiently, after carotid occlusions or

carotid ligations for the treatment of
aneurysms,4 since occlusion of several com-

ponents of the nerve's nutrient supply is
probably required to produce significant
ischaemia. Thus in the oculomotor palsy in
diabetes mellitus there are diffuse small vessel
abnormalities in the vasa nervorum.'

Similarly, flow was absent in the ophthalmic
and internal carotid arteries in our case and in
those of Wilson et al. Whether the resulting
oculomotor palsy is transient or permanent
may perhaps depend on the adequacy of the
collateral blood supply from the posterior
circulation, or on the extent of segmental
occlusion of the plexus of small vessels along
the nerves themselves.
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Penicillamine treatment of Wilson's
disease and optic neuropathy

We report a case of optic neuropathy
associated with penicillamine treatment of
Wilson's disease.
A twenty six year old woman presented

with a one year history of progressive shaking
of her hands and four months of shaking of
her head. As a result she had had to give up
her job on a production line. There was no

family history ofneurological or liver disease.
She had a history of tachycardia and had
taken disopyramide 100 mg three times a day
for three years. A mitral regurgitation mur-

mur had been noted in the past.
On examination her pulse was 80/minute

and regular, and blood pressure was 115/60.
There was a mid and late systolic murmur

loudest at the left sternal edge. Higher func-
tions were intact, but her manner was disin-
hibited. Visual acuity was 6/9 on the right and
6/6 on the left. Fundoscopy showed normal
optic discs. Slit lamp examination showed
Kayser-Fleischer rings. The other cranial
nerves were normal. She had titubation,
tremor of the upper limbs, worse on the right
and aggravated by movement, and cogwheel
rigidity of both wrists. Reflexes, power and
sensation were normal.
Serum copper was 7 0 micromol/l (Nor-

mal: 12-26 micromol/1), caeruloplasmin
70 mg/l (Normal: 190-450 mg/l) and 24 hour
urinary copper was 5-1 micromol/24 hours
(Normal < 0-8 micromol/24 hours). Bio-
chemical screen, plasma glucose, and chest
and skull radiographs were all normal.
Haemoglobin was 119 to 136 g/l, white blood
count 2 2 to 3 9 x 109/1 with polymorphs 1-0
to 23 x 109/l and platelets 85 to 116 x
109/1. The bone marrow was mildly
hypocellular, with reduced numbers of ery-
throid and myeloid cells and megakaryocytes.
A CT brain scan showed low densities in the
thalami and cerebral peduncles. Echocar-
diography showed mild mitral valve prolapse.
A diagnosis of Wilson's disease was made

and D-penicillamine 50 mg three times a day
was started.
Three weeks after starting penicillamine

the patient presented with failing vision. A
week after starting treatment she had
developed a "red light" in the centre of both
visual fields and then progressive blurring of
vision. On examination both optic discs were
pale and both pupils reacted sluggishly to
light. Corrected visual acuity was 6/24 on the
right and 6/18 on the left. Near vision was
N18 bilaterally. Visual evoked potentials
(VEP) showed latencies of 102 ms on the
right and 112 ms on the left (Normal
< 115 ms). Brainstem auditory (BAEP) and
somatosensory evoked potentials (SSEP)
were bilaterally delayed. The wave form of
the BAEPs was small. Electroretinogram and
autoimmune profile were normal.

Penicillamine was stopped and pyridoxine
50 mg twice a day was started. Nine days later
near vision was N10 in both eyes. Trientene
dihydrochloride 600 mg three times a day was
started. Three weeks after stopping peni-
cillamine colour vision had returned to nor-
mal. A week later pupillary reactions were
improved and near vision was N6 (right) and
N4 (left). The VEPs showed improved
amplitude, but the latencies were unchanged.
Three months after stopping penicillamine
the VEP latency on the left had improved to
99 ms and on the right was 106 ms. The
BAEPs and SSEPs were unchanged. After
seven months the visual acuity was 6/12 on
the right and 6/9 on the left. After a year of
trientene the tremor had greatly improved.
She has since returned to work and her
manner appears normal.
No case of untreated Wilson's disease with

optic neuropathy has been described. BAEPs
are commonly delayed in Wilson's disease,
but delayed VEPs have been found in only a
minority of cases with neurological
involvement.' Recovery of VEP latency with
treatment has been shown in one study. The
abnormal VEPs may be related to cerebral
hemisphere involvement.'

Optic neuropathy in Wilson's disease
treated with DL-penicillamine and D-peni-
cillamine has been attributed to penicillamine
induced pyridoxine deficiency: in two cases
the optic neuropathy developed only after
months at higher doses of penicillamine and

improved with pyridoxine. Against this
theory is a third case,2 which developed while
on prophylactic pyridoxine. In all cases there
was an improvement of the Wilson's disease
with penicillamine treatment, making the
Wilson's disease itselfunlikely to be the cause
of the optic neuropathy.

Optic neuropathy has been described in
association with D-penicillamine treatment
ofchronic active hepatitis for two months and
rheumatoid arthritis for six months and for a
year. The last was associated with develop-
ment of antinuclear antibody titre of 1/320
and improved with steroids.'
This case differs from the others described

as the duration of treatment before the
development of optic neuropathy is much
shorter. Pyridoxine deficiency is unlikely,
because of the low dose and short duration of
treatment. The short history and negative
autoimmune profile make autoimmune dis-
ease unlikely. Neurological deterioration in
the first month of penicillamine treatment of
Wilson's disease has been recognised re-
cently4 and the time course in this case would
be consistent although optic neuropathy has
not been described in this situation. Worsen-
ing of extrapyramidal signs is often seen in
this syndrome, but was absent in this case.
The neurological deterioration may be due to
redistribution of copper. Trientene therapy
has not been associated with neurological
deterioration. Neuro-ophthalmic complica-
tions of desferrioxamine, including one case
with optic neuropathy, have been associated
with raised cerebrospinal fluid copper levels
and attributed to redistribution of copper.'
Another explanation of the optic neuropathy
in this case consistent with the short history
would be an idiosyncratic hypersensitivity
reaction. Although optic neuropathy is a rare
complication, physicians should regularly
assess the visual acuity of their patients on
penicillamine, particularly when starting
treatment or increasing the dose.
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Serum erythropoietin levels in von
Hippel-Lindau syndrome

No serum marker exists in von Hippel-
Lindau syndrome (HLS), an autosomal-
dominant inherited cancer-prone disorder
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