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Ischaemic lacunae in the spinal cord of
arteriosclerotic subjects
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From the Istituto di Clinica delle Malattie Nervose e Mentali dell'Universita' di Genova, Italy

Garcin and Gruner in 1953 and Neumayer in 1955
described in the anterior horns of the spinal cord
of atherosclerotic subjects small necrotic patches
which they considered as ischaemic foci due to
atherosclerotic occlusion of spinal arteries. The
related clinical picture, similar to that defined as
'tephromalacie anterieure' by Marie and Foix
(1912) bore resemblance to amyotrophic lateral
sclerosis, consisting of a combination of symptoms
ofupper and lower motor neurone involvement. On
the basis of an extensive anatomo-clinical study,
Neumayer (1955), Neumayer (1962), and Jellinger
(1966) on several occasions stressed the importance
of 'vascular myelopathy in old age', which, from
a clinical standpoint, they subdivide into three
groups: (1) syndrome of nuclear amyotrophy;
(2) syndrome of spastic spinal paralysis; (3) syn-
drome of incomplete transverse section.
The first and by far the most frequent of these

syndromes seems in fact that of nuclear amyo-
trophy, which was observed by these authors in
77 out of 85 cases and consisted of wasting and
weakness of the small muscles of the hand, and
scattered pyramidal tract signs. The syndrome
begins late in life (after 65 years of age), develops
slowly, and runs a progressive course during which
it may show signs of bulbar involvement.
The anatomical counterpart consists of necroses

with rarefaction (Rarifikationnekrose) of the centre
of the anterior horns, mainly at the level of the
cervical enlargement. Degenerative changes may
be of various degree, from simple atrophy and
spongy dissolution to actual 'cavitary' necrosis; glial
reaction is always poor. The white matter may also
be affected, showing a marginal or deep demyelin-
ation of the posterior or lateral columns.
That these changes are produced by chronic

ischaemia seems attested to by concurrent severe
arteriosclerotic aortic alterations and by the fact
that the transverse location of the lesions corresponds
to the area supplied by the terminal branches of
the central arteries (Jellinger and Neumayer,
1962). Should these inferences be correct, one would

rightly expect to meet fairly frequently with similar,
even though less advanced, alterations in the spinal
cord of elderly subjects with generalized athero-
sclerotic involvement. This would add further
support to the above-mentioned pathophysiological
interpretation.
The aim of the present research is a systematic

and accurate examination of the spinal cord of
elderly atherosclerotic subjects to verify the existence
and features of possible ischaemic changes.
The literature does not provide exhaustive

data on this subject; in fact, grey matter lesions
of this type are not described in the classic anatomical
studies on the spinal cord lesions associated with
atherosclerosis; attention was directed rather to
alterations in the white matter (Demange, 1884;
Dejerine, 1906; Lhermite, 1907; Guizzetti, 1924;
Lanza, 1938; Bailey, 1953; Fazio, 1969).
Only recently Mannen (1963), in a systematic

examination of macroscopic sections of the spinal
cord of 300 unselected elderly subjects, observed
25 small circumscribed softenings of the grey matter,
particularly in the anterior horns. These softened
foci were more frequent at the level of C5 to C6.
In most patients no symptoms had appeared through-
out life.
Our case material is composed of 10 elderly

subjects with severe generalized arteriosclerotic
lesions, particularly at the level of the aorta, who
died from cerebral ischaemic lesions. In each case
we noted the frequency, the morphological features,
location, and extent of the spinal ischaemic lesions,
and considered the possible relationship between
their sites and the disposition of the afferent arterial
branches (the latter, as we know, vary within wide
limits in different cases; Sarteschi and Giannini,
1960; Bartsch, 1961; Corbin, 1961). Finally, we
tried to establish a relationship between the presence
of such lesions and the degrees of arteriosclerotic
change in the intra- and extraspinal vessel network.

Part of this material has been illustrated in a
previous note (Fieschi and De Carolis, 1962;
Fieschi and Gottlieb, 1967).
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Ischaemic lacunae in the spinal cord of arteriosclerotic subjects

MATERIAL AND METHOD

The spinal cord of 10 subjects aged from 62 to 82, who
died after acute ischaemic cerebrovascular insilts,
was removed. Only the undamaged stretch of cord
was examined: for this reason only the cervical enlarge-
ment could be examined in four cases. In the remaining
six cases the study refers only to dorsal, lumbar, and
sacral segments.
The spinal cord was removed with all its coverings.

After fixing in 10% formalin we opened the dura mater
lengthwise both anteliorly and posteriorly and noted
the number, position, and calibre of the radicular vessels
and of the anterior spinal artery at various levels.
Anterior and posterior spinal roots were numbered
and included in paraffin, sectioned, and stained with
haematoxylin-eosin and with van Gieson and Weigert's
methods for elastic fibres. In this way we could ascertain
the position and number of the radicular arteries that
were 'efficient'-that is, delivering a satisfactory blood
flow to the spinal cord, at the same time evaluating the
degree of arteriosclerotic changes.
The spinal cord was cut transversely and each spinal

segment included was cut to 10 Z thick sections in
semi-seriation (five consecutive sections every 15,
mounted on separate slides). Tw%o of the five series of
slides thus obtained were stained with haematoxylin-
eosin and with Weil's method, the other three being
kept for control and further staining (van Gieson,
Nissl, Weigert) which might have proved suitable in
the course of the research.

In each segment we took into account (1) the calibre
and mural alterations of both anterior and posterior
spinal arteries; (2) alterations of intraspinal arteries;
(3) alterations of the nervous tissue.

DESCRIPTION OF CASES

CASE I G.A., aged 62 years, was a diabetic man who
suffered from a sudden left hemiplegia and exhibited
electrocardiographic signs of myocardial infarction and
atrial fibrillation. Right carotid angiography showed
occlusion of the horizontal tract of the middle cerebral
artery. He died on the third day from cardiocirculatory
failure after slow progressive worsening of symptoms.

Pathological data (Necropsy no. 17397) Necropsy
revealed serious generalized atherosclerosis, mainly
aortic and coronary, myocardial infarction, hypertrophy
and dilatation of the heart; and atherosclerosis of the
arteries of the circle of Willis with thrombosis of the
right middle cerebral artery. There was right fronto-
parieto-occipital haemorrhagic softening, atrophy of
pancreas, and bilateral bronchopneumonia.
The spinal cord was examined from D2 downwards.
Radicular arteries Two anterior ones were found,

the first at D6, the other at D8 (artery of the lumbar
enlargement or great radicular artery of Aiamkiewicz);
the four posterior ones wvere at D6, D8, D9, and D12
respectively. No alterations were noted in the radicular
arteries.

Spinal arteries The anterior spinal artery was large
at the D3, D4 level, then grew progressively thinner

as far as D9, where it became large again. It did not
show any alteration throughout its length. The wall
of the intraspinal arteries was moderately thick and
showed hyaloid degeneration.

Nervous tissue There were numerous recent small
perivascular haemorrhages, and no ischaemic alteration.

CASE 2 C.E., a 78-year-old woman, had been hyper-
tensive for several years, with frequent episodes of
pulmonary oedema. A right hemiparesis developed
over three days. There was a systolic bruit at the apex,
and an electrocardiographic pattern of 'right hyper-
trophy'. She died on the second day after rapid worsening
of symptoms.

Pathological data (Necropsy no. 17269) A moderate
degree of aortic atherosclerosis was found and dilatation
of the heart. There was marked atherosclerosis of the
cerebral arteries. Diffuse atrophy of the gyri was observed,
chiefly in the parieto-temporal areas of both hemis-
pheres, with marked external hydrocephalus.
The spinal cord was examined from segment D2

downwards.
Radicular arteries Three anterior ones were at

D5, D1O, and D12 (artery of the lumbar enlargement)
and three posterior ones at D5, D6, and D12. In all the
radicular arteries we found diffuse hyalinosis of the
wall.

Spinal arteries The anterior spinal artery tapered off
down to D9, increasing in size in the underlying seg-
ments. The media were slightly thickened in the upper
dorsal tract. Throughout the spinal cord intraspinal
arteries showed a moderate degree of hyalinosis of the
wall, more prominent in the D12 to L2 tract (see Fig. 1).

Nervous tissue No alterations of ischaemic type were
observed.

CASE 3 R.U., aged 77 years, was a normotensive man
who developed a right hemiparesis with aphasia, heralded
a few days before by tingling paraesthaesias on his
right arm. The ECG showed atrial fibrillation with
signs of subendocardial ischaemia. Tests showed the
following results: blood sugar level; 170 mg/100 ml.;
blood nitrogen; 140 mg/100 ml.; CSF albumin; 0-80
g/100 ml. The left carotid angiography showed occlu-
sion of the middle cerebral artery. Death, due to
pulmonary oedema, ensued 25 days after admission.

Pathological data (Necropsy no. 17408) Severe
generalized atherosclerosis was found, mainly aortic,
coronary (resulting in myocardial infarction), renal
(with old infarctions), and of cerebral arteries. There
was extensive left fronto-parieto-temporal ischaemic
softening, lung emphysema, and bronchopneumonia
with pulmonary oedema.
The spinal cord was examined from D4 downwards.
Radicular arteries We found three anterior ones at

D6, D8, and D9 (artery of lumbar enlargement) re-
spectively, and three posterior ones at D7, LI, and L4
respectively. The radicular arteries were quite normal.

Spinal arteries The anterior spinal artery was thin
from D6 to D12, exhibiting a thickening of the media
at the anastomosis with the artery of the lumbar enlarge-
ment. The intraspinal arteries were normal.
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CASE 4 L.E., aged 71, a woman with severe hypertension
lasting four years, had a sudden left hemiplegia. Blood
nitrogen and blood sugar level were found to be normal.
Blood pressure was 220/120 mm Hg, and ECG was

normal. She died within three months from sudden
cardiocirculatory failure.

Pathological data (Necropsy no. 16255) A severe

generalized atherosclerosis was found in the aorta,
with atheroma and dissecting aneurysm at the bifurcation,
and in the cerebral arteries. There was cerebral ischaemic
softening in right basal ganglia. Myocardosis and myo-
cardiosclerosis were present. There were small abscesses
at the base of the right lung.
The spinal cord was examined from D2 downwards.
Radicular arteries There were five anterior ones at

D3, D5, D6, D11, and LI (artery of the lumbar enlarge-
ment), and six posterior ones at D3, D4, D7, D10, Li,
and L3 respectively. All radicular arteries showed a

slight degree of hyalinosis of the wall.
Intraspinal arteries The anterior spinal artery was

thin along the D2 to D6 tract; with a slight thickening of
the wall at LI to L2 corresponding to the anastomosis
with the artery of the lumbar enlargement. Intraspinal
arteries showed at all levels thickening and hyalinosis
of the wall.
Nervous tissue There were two small softenings: one

at the base of a posterior horn, near the white matter
of the lateral column at D5; the other at the centre
of an anterior horn at the level ofL2 (Figs. 2 and 3).

CASE 5 G.C., aged 64, a normotensive man, slowly
developed a left hemiparesis heralded two years before
by a transient paresis of his left arm. ECG showed
diffuse cardiac damage. Test results were as follows:

FIG. 1. Case 2. A high power
view ofan arteriole and a venule I

in the grey matter of the spinal
cord at S2. Note the unequal
thickening prevailing in the vein.
Haematoxylin and eosin, x 250.

borderline blood sugar and nitrogen levels; CSF albumin,
0-60 g/100 ml.; and Wassermann reaction positive on
serum, negative on CSF. He died seven days after
admission after slow, progressive worsening of symptoms.

Pathological data (Necropsy no. 16702) There was
severe aortic and cerebral atherosclerosis. Haemorrhagic
right fronto-parietal softening was present, and bi-
lateral thrombosis of the pulmonary artery.
The spinal cord was examined from D2 downwards.
Radicular arteries There were two anterior ones:

at D1O and L2 respectively, and five posterior ones at
D4, D7, D8, D9, and L2 respectively. No true artery
of the lumbar enlargement was found (the radicular
arteries at D10 and L2 were the same size). All the
radicular arteries were slightly hyalinotic.

Spinal arteries The anterior spinal artery was thin
in the tract from D2 to D8 and from L4 to S2 but its
wall was quite normal. Intraspinal arteries showed a
moderate hyalinosis with thickening of the wall, more
severe in the last dorsal and first lumbar segments.

Nervous tissue No ischaemic alteration was found.

CASE 6 G.C., aged 67, was a man who had been hyper-
tensive for several years and developed a sudden right
hemiplegia with aphasia, preceded three years before
by a transient right hemiparesis. Two months before
admission a lung cancer was discovered and cobalto-
therapy started. The ECG showed diffuse slight myo-
cardial damage. Blood nitrogen and sugar levels were
normal. CSF and urine examinations also proved normal.
He died on the twelfth day from cardiocirculatory
failure.

Pathological data (Necropsy no. 16436) Severe
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FIG. 2. Case 4. In the grey matter of an anterior horn at L2 a fairly circumscribed area of softening
is visible. Haematoxylin and eosin, x 12.

.....:.
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FIG. 3. Case 4.
A higher magnification
of the same lesion as
in Fig. 2 in a section
a few millimetres
lower. The remaining
framework of the tissue
and the poor glial
reaction can be appre-
ciated. Haematoxylin
and eosin, x 24.
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generalized atherosclerosis of the aorta with dissecting
aneurysm of the lumbo-sacral tract, of the coronary
arteries with slight sclerosis of myocardium, and of the
cerebral arteries with left fronto-parieto-temporal
ischaemic softening were found. Carcinoma of the lower
lobe of the left lung was present.
The spinal cord was examined from segment C8

downwards.
Radicular arteries There were three anterior ones at

D4, D6, and D8 (artery of the lumbar enlargement),
and seven posterior ones at D2, D6, D8, D9, DIO, D12,
and'L5. All radicular arteries were quite normal.

Spinal arteries The anterior spinal artery was very
thin along the D2 to D6 tract and the lumbar and sacral
part of the cord; its wall was normal throughout its
length. In the last dorsal and first lumbar segments the
intraspinal arteries showed a slight degree of thickening
of the wall.
Nervous tissue At the base of a posterior horn at the

level ofC8 there was a small softening.

CASE 7 C.A., a man aged 82, had been severely hyper-
tensive for five years and had suffered several attacks
of cardiac asthma. He was admitted for a sudden right
hemiparesis with aphasia. His blood pressure was
240/95 mm Hg. ECG showed total atrioventricular
block with atrial and ventricular extrasystoles, myo-
cardial ischaemia. He died on the twelfth day after
admission from cardiocirculatory failure.

Pathological data (Necropsy no. 16749) The find-
ings were of severe generalized atherosclerosis of the
aorta, of coronary arteries with a scar from previous
infarction in the myocardium of the left ventricle,
and of the cerebral arteries with a right fronto-parietal
ischaemic softening.
The spinal cord was examined from C8 downwards.
Radicular arteries There were four anterior ones

at D4, D8, D12 (artery of the lumbar enlargement),
and Si levels respectively, and three posterior ones
at D4, D7, and D8. There was very slight thickening
of the wall of all radicular arteries.

Spinal arteries The anterior spinal artery showed
neither narrow portions nor alterations of the wall
throughout its length. The intraspinal arteries showed,
on the contrary, a hyaline thickening of the wall mainly
in the lower dorsal segments.

Nervous tissue At C8 a small softening at the base
of the lateral horn was found.

CASE 8 C.A., a man aged 66, had been hypertensive
for many years with systolic pressure ofabout 250mm Hg.
He was admitted for a left hemiparesis. Blood pressure
was 180/120 mm Hg; blood nitrogen level, 76 mg/100
ml.; sugar level normal. In the urine hyaline-gran-
ular cylinders and red corpuscles were found. He died
suddenly from myocardial infarction two months after
admission.

Pathological data (Necropsy no. 16872) There was
generalized atherosclerosis of the aorta and its major
branches, of the kidneys with nephrosclerosis, of the
coronary arteries with myocardial infarction, and of
the cerebral arteries with ischaemic right fronto-parietal

softening. Hypertrophy of the left ventricle was present,
and a recent thrombosis of the pulmonary artery.
The spinal cord was examined from C8 downwards.
Radicular arteries There were eight anterior ones at

Di, D2, D3, D5, D8, D9, D10 (artery of the lumbar
enlargement), and L4, and six posterior ones at D2,
D4, D5, D6, D7, and DIO. A hyaline thickening of
the wall was present in all radicular arteries, this change
was more marked at D9, D10 levels.

Spinal arteries The anterior spinal artery was thin in
the tract C8 to Di and from D6 to D9; its wall was quite
normal throughout its length. Hyalinosis with thickening
of the wall of the intraspinal arteries, more pronounced
in the lower dorsal segments (D9 to D12) and in the sacral
ones was observed.
Nervous tissue No ischaemic changes were found.

CASE 9 C.C., aged 76, a hypertensive woman with
systolic pressure around 200 mm Hg, who 10 years
before had a right hemiparesis with aphasia partially
regressed, was admitted for a new attack of right hemi-
paresis with aphasia. ECG showed atrial fibrillation
and diffuse myocardial damage. Blood pressure was
200/100 mm Hg; blood sugar level was normal. She
died from sudden cardiocirculatory failure 15 days after
admission.

Pathological data (Necropsy no. 16833) There was
severe generalized atherosclerosis of the aorta, of
coronary arteries with sclerosis of the myocardium,
and of cerebral arteries with ischaemic left fronto-parietal
softening. Also present were hypertrophy and dilatation
of the right atrium and ventricle, recent thrombosis
of the left auricle, osteitis deformans of Paget, and bi-
lateral bronchopneumonia.
The spinal cord was examined from Di downwards.
Radicular arteries There were anterior ones at

D4, D8, D10 (artery of the lumbar enlargement), and
LI levels respectively, and five posterior ones at DI,
D2, D7, D9, and D1i respectively. A slight diffuse
hyalinosis of the wall of the radicular arteries was found.

Spinal arteries The anterior spinal artery was of
normal size and appearance throughout its length. In
all segments we found a moderate degree of hyalinosis
of the wall of intraspinal arteries, without any difference
at various levels.

Nervous tissue No ischaemic alteration was observed.

CASE 10 B.E., aged 64, a hypertensive man who had
had a Wallenberg's syndrome three years before, was
admitted for a right hemiparesis which developed slowly
over two weeks. Blood pressure was 180/105 mm Hg.
Blood sugar and nitrogen levels were borderline. He
died from acute pulmonary oedema 30 days after
admission.

Pathological data (Necropsy no. 17573) The find-
ings were as follows: severe generalized atherosclerosis
of the aorta, of the coronary arteries, of the cerebral
arteries with recent left ischaemic fronto-temporal
softening, and old softening of the left cerebellar hemis-
phere; hypertrophy of the left ventricle; broncho-
pneumonia in the right lower lobe; pulmonary oedema.
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FIG. 4. Case 10.
Two different magnifi-

or ~~~~~~~~~~~~~~~~~~~~~~~cationsof the largest
ischaemic lesion we
couldfind are shown in
Figs. 4 and 5. This
softening was placed

- ~~~~~~~inD5 andincluded
the whoke lateral and
the base of the
anterior horn of the

~~~~spinal cord. Haema-
toxylin and eosin,x> 8

The spinal cord was examined from metamer C7
downwards.

jRadicular arteries There were three anterior ones
at C8, D3, and L2 (artery of the lumbar enlargement),
and five posterior ones at C8, D2, D3, D7, and D8 V
respectively.

Spinal arteries The anterior spinal artery was narrow .
in the D3 to D7 tract, its wall was otherwise quite normal.-
throughout its length. The intraspinal arteries showed*
hyalinosis of their wall and relative thickening at everY p
level of the spinal cord, but especially in the lower half
of the dorsal cord from D6 to D12.
Nervous tissue At D5 level a softening of a lateral -P

horn and of the base of an anterior horn was present
(Figs. 4 and 5).

SUMMARY OF PATHOLOGICAL LESIONS

The main features of the pathological lesions -,~~
can be summarized as follows.

FREQUENCY In one case we found two distinct
lesions, one lesion in four cases, and none in five. -?
SITE Longitudinally, we found two lesions at -f
C8 level (over the four cases in which we were .
able to examine the last cervical segment); two le-
sions at D5; one lesion at L2; one lesion in the
sacral cord. Transversely, all the lesions were
located in the grey matter-namely, three at the base
of the anterior and lateral horn, one at the base
of a posterior horn, and two in the centre of an
anterior horn. FIG. 5. Detail of Fir. 4. Haematoxvlin and eosin x 16.
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DIMENSIONS The transverse extension of the malacic
foci varied from 100 u to 1 mm, and of the longi-
tudinal one from 200 ,u to 1 mm.

MICROSCOPIC FEATURES All the lesions were charac-
terized by rarefaction of the nervous tissue with
loss of cell bodies, weak staining (checked in
repeated preparations), and moderate or absent
glial reaction. The demarcation from the surrounding
normal tissue was usually fairly clear cut.

RELATIONSHIPS WITH ATHERO- AND ARTERIOSCLEROSIS
In nearly all of these cases severe generalized
atherosclerotic changes of the aorta and its main
branches were present: the changes mostly con-
sisted of vast ulcerated atheromatous plaques
with overlying thrombosis and of calcified plaques;
in two cases there was also a dissecting aneurysm
of the abdominal aorta, which, however, presumably
did not affect the spinal cord blood flow. Only in
one case were the atherosclerotic changes fairly
limited.

Radicular arteries were spared by sclerotic
changes in four cases. When they were affected,
however, the alteration consisted only of thickening
of the wall without evident stenosis. In one of these
cases the change was more marked at the lower
dorsal level; in the remaining five there was no
particular location, the arteries being equally
affected at all levels. The anterior spinal artery
in seven out of 10 cases did not show any important
mural change. In two cases there was no homo-
geneous thickening of the media, without stenosis
of the lumen at the junction with the artery of
the lumbar enlargement (Adamkiewicz's large radicu-
lar artery), and in one case such thickening was
limited to the upper dorsal segments. On the
contrary, we could observe more frequently altera-
tions of the intraspinal arteries and arterioles
(nine cases). Changes chiefly consisted of hyalinosis
of the media. The thickening was usually moderate,
being in five cases fairly modest, rather relevant
in four, with subsequent reduction of the lumen.

Malacic centres were observed in three out of
four cases, with consistent hyalinosis of the intra-
spinal vessels in two out of the remaining six cases.
As for the distribution of the changes of the intra-
spinal vessels, these were rather uniform in three
cases, while in the other cases they were unevenly
distributed, usually prevailing at the dorso-lumbar
junction. The location of the ischaemic lesions
of the spinal cord did not show any definite relation-
ship with the prevailing site of the hyalinosis.

DISTRIBUTION OF THE LESIONS IN RELATION TO THE

AREAS OF VASCULARIZATION According to the

schemes of Gillilan (1958) and Clemens (1967),
on the transverse section of the cord there can be
seen the following areas: (1) area of the central
arteries (branches of the anterior spinal artery);
(2) anterior peripheral area supplied by perforating
arteries coming from that part of the superficial
network which is supplied by the anterior spinal
artery; (3) posterior area, the blood flow of which
is provided by penetrating branches arising from
the posterior spinal arteries.
We found five lesions in the area supplied by

central arteries, while just one of the lesions was
located in a borderline area, between the territories
supplied by the central and posterior arteries.
As to the longitudinal distribution, the lesions

were never strictly located to the segments defined
by Zulch as 'Grenzzonen' or 'Wasserscheide' (water-
sheds)-that is, D4 and LI. Even when the lesions
could be found in an adjacent segment (D5 case 4,
D5 case 10, L2 case 4) they were usually close to
an anterior radicular artery that was located at D5,
D3, and LI respectively.

DISCUSSION

In five out of 10 elderly atherosclerotic subjects
who had died from ischaemic brain lesions we
found small recent spinal cord softenings. In all
cases the lesions consisted of rarefaction of tissue
with loss of neurones and poor staining (spongy
dissolution). The longitudinal extension of the
lesions was greater than their transverse one.
They were mainly located in the lower cervical and
middle dorsal tract, in the grey matter, and more
often in the centre or at the base of the anterior
horns. These data agree with the findings of Jellinger
and Neumayer (1962a, b) of small softenings in
the anterior horns, chiefly in the cervical enlargement.
According to Mannen (1963), other preferential
sites of small ischaemic foci are the fourth and
fifth cervical segments. We cannot comment on
this statement, our examination being limited to
the lower cervical, dorsal, and lumbosacral tract
of the spinal cord. The small softenings were more
frequent in our material than in Mannen's. In
fact he found circumscribed ischaemic lesions in
the grey matter of the cord in 8-3 % of unselected
elderly subjects. It should be pointed out, however,
that in our cases the examination was carried out
on semi-seriated histological preparations (two
sections every 150 ,u) and that our material consisted
of cases with severe circulatory involvement.
The sclerosis of radicular arteries and of the

peii- and intraspinal arterial network was nearly
always of moderate degree. Conceivably, the
systemic cardiocirculatory situation, particularly
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the circulatory disturbances shown by these patients
before death, and the high degree of atherosclerosis
of the great arteries were relevant to the production
of the softenings. These factors undoubtedly can
account for hypoxia, but not for the particular
location of the ischaemic changes. We think that
the ischaemic damage occurredinanarea particularly
prone to ischaemia, perhaps because of the features
of its arterial network.
Zulch (1954) described in the spinal cord some

areas which would be more liable to ischaemia in
conditions of systemic circulatory failure. These
are the border-areas (Grenzzonen) between the
different vascular districts, located both transversely
(between the area of the central arteries and that
of the peripheral ones) and longitudinally (particu-
larly at D4 level-namely, between the territories of
the aorta and vertebral arteries. According to Zulch,
this schematization is valid only when the afferent
arterial network is composed of few significant
radicular arteries ('minimal blood supply').

In our cases only one of the lesions was located
in a border-area of Zulch. In fact most ischaemic
areas were in the central artery's territory-namely,
in the anterior horns or at its base-and in the
cervical and lumbosacral enlargements.

Alternatively, ischaemic spinal foci might be
due to occlusion of small arterial branches. Fisher
(1965) put forward this hypothesis to account for
the so-called 'lacunae'-that is, circumscribed is-
chaemic areas of a few millimetres in diameter,
which are often asymptomatic, usually found in
the basal ganglia of arteriosclerotic subjects with
hypertension. Occlusion might be due to thrombosis
brought about by circulatory slowing or to a small-
sized embolus. In severe atherosclerotic patients
embolic material to spinal arteries may originate
from an ulcerated plaque, or from a mural throm-
bus at the origin of the intercostal arteries from
the aorta or of the radicular arteries from the ver-
tebrals. Although we did not observe occlusions
even in the arteries of small calibre afferent to
the ischaemic areas, this does not rule out the oc-
clusive hypothesis.

In conclusio'n, our data provide indirect con-
firmation of Jellinger and Neumayer's thesis that
some neurological pictures observed in elderly
atherosclerotic subjects with signs of anterior horn
involvement are caused by small foci of ischaemic
necrosis in the spinal cord.

SUMMARY

Six small recent spinal cord softenings were found
in five out of 10 elderly subjects with severe athero-
sclerosis who had died from ischaemic brain lesions.

The ischaemic foci of the spinal cord were located
in the grey matter, in the centre or at the base of
the anterior horns, at C8, D5, L2, and sacral levels.
No clear-cut relationships were found between

the site of the lesions and either the position of the
radicular arteries or the size and degree of athero-
sclerotic changes of the afferent arterial network.

Despite an accurate microscopic examination,
no occlusion of the intraparenchymal arteries
related to the ischaemic foci was found.

This study supports previous observations of
small ischaemic necroses in the grey matter of
the spinal cord in elderly arteriosclerotic patients,
leading to clinical syndromes of nuclear amyotrophy
consequent on vascular myelopathy in old age.
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