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THE pathology of the brain in cases of 
cerebral palsy is very varied and may 
involve both cortical and subcortical struc- 
tures. Some important examples of the 
former have been surveyed in this Bulletin 
by Crome (1959), who has also pointed out 
how difficult it may be to decide the various 
factors responsible for a particular patho- 
logical end result. 

Among the cases whose origin is believed 
to be para- or post-natal the causative 
factor of hypoxia is frequently encountered. 
By this is meant some reduction in the 
oxygen supply to the nerve cells of the 
foetal or infantile brain which may be 
brought about in several ways, including a 
reduced oxygen saturation of the blood, a 
reduced blood-flow (ischaemia) to the 
brain, or a consumption of oxygen by 
nerve cells in excess of the available supply. 

Production of Hypoxia 
Neonatal asphyxia is perhaps the most 

obvious situation resulting in cerebral 
hypoxia and is regarded as a major cause 
of cerebral palsy (Courville 1953). It is 
interesting to note that the distribution of 
lesions in such cases reveals a pattern of 
selectively vulnerable structures including 
the cerebral cortex (particularly its third 
layer), amygdaloid nucleus, thalamus, 
Ammon’s horn (or hippocampus), corpus 
striatum and cerebellum. It is the recog- 
nition of this pattern of lesions in the brain 
that leads the pathologist to infer the 
occurrence of some episode of hypoxia. 

Similar effects may result in the foetal 
brain if the oxygen-carrying capacity of the 

maternal blood is reduced by a severe 
anaemia and will also occur if placental 
function is disturbed, as in Caesarean 
section performed for placenta praevia. 

Many cases of cerebral palsy can be 
ascribed to ‘birth injury’, yet mechanical 
factors alone cannot explain the ultimate 
state of the brain in every case. Thus 
excessive moulding of the foetal head may 
produce tears in the edge of the tentorium 
with consequent rupture of veins or 
venous sinuses. The escaping blood, 
whether inside the brain or on its surface, 
can act as a space-occupying lesion and by 
displacing brain tissue may interfere with 
its blood-supply. Thus an ischaemic factor 
is introduced in addition to the original 
mechanical one. 

Epilepsy is a symptom that features 
frequently in the case-histories of children 
with cerebral palsy. It may follow closely 
on an abnormal birth or occur later as a 
complication of even a minor head injury 
or some childhood infection (Meyer, Beck 
and Shepherd 1955). Epileptic seizures are 
of pathological significance because, when 
severe and frequent (including status 
epilepticus), they can produce further 
damage in an already abnormal brain. 
Here again, the superadded lesions are 
found to occur in the vulnerable areas 
already listed, suggesting that epilepsy 
damages the brain by producing cerebral 
hypoxia. 

The intensity of hypoxic lesions may 
vary widely from case to case, but there is 
in the human brain no essential difference 
between the pathological effects of hypoxia 
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and of ischaemia. Reduced to the simplest 
terms, hypoxia of any type will exert its 
effects on both the neurone and the cerebral 
capillary. In the latter, damage to the 
endothelial cells leads to oedema, haemo- 
concentration and stasis. However, in order 
to explain the pattern of selective vulner- 
ability to hypoxia, additional factors must 
be sought. 

Localising Factors 
Originally, two major hypotheses were 

advanced to explain the pathological 
findings. The ‘vascular’ hypothesis of 
Spielmeyer (1925) and his school regarded 
vasomotor changes, including vasospasm, 
as the major factor. The evidence for such 
vasospasm has been regarded as uncon- 
vincing by Meyer (1958). based as it was 
on postmortem histological examination. 
The second hypothesis. that of C .  and 0. 
Vogt (1922), attributed the vulnerability 
of a region to certain physiochemical 
(pathoclitic) properties which rendered it  
susceptible to hypoxic damage. 

More recently, Scholz (1952) has com- 
bined the vascular and pathoclitic hypo- 
theses by suggesting that the pathoclitic 
properties of a particular structure render 
it vulnerable to hypoxia but structural 
damage is finally brought about by the 
addition of vasomotor disturbances widely 
distributed in the brain. 

A further localising factor is thought to 
be the level of functional activity of cells 
or cell groups. Thus, under conditions of 
general hypoxia, an active centre, by virtue 
of its greater oxygen utilisation, might be 
expected to show evidence of injury before 
a less active one. This factor of ‘consump- 
tive anoxia’ (Scholz 1952) has been ad- 
vanced to explain the typical lesion in 
the Ammon’s horn in epilepsy when the 
level of its electrical activity is known to 
be high. The experiments of Meyer and 
Portnoy (1959) have shown (in the monkey) 
that during an epileptic seizure there is, in 
spite of a rise in blood-pressure and in 
cortical blood-flow, a dramatic fall in 
cortical oxygen tension. 

Vascular Compression 
At the moment neuropathological atten- 

tion centres on mechanical vascular rather 
than upon intrinsic neuronal factors. This 
approach dates back to Adolf Meyer (1920) 
who explained infarction of the occipital 
lobe in a case of secondary brain tumour as 
a result of compression of the calcarine 
branches of the posterior cerebral artery 
against the tentorial margin. Later workers 
have endorsed this view, while recently 
Lindenberg (1955) has suggested that simi- 
lar compression can occur in the internal 
carotid, anterior choroidal, superior cere- 
bellar, posterior inferior cerebellar and 
other smaller arteries. Lindenberg believes 
that this mechanism can account, not only 
for the sclerosis of the Ammon’s horn, but 
for all the other lesions comprising the 
pattern of selective vulnerability in states 
of hypoxia. 

It must be pointed out that hypoxic 
states cannot be regarded as comparable to 
acute space-occupying or traumatic lesions, 
which form the bulk of Lindenberg’s 
material. They differ in that there is a lesser 
rise in intracranial pressure, tentorial 
herniation is less marked or even absent, 
and the brain-stem haemorrhages so often 
associated with major internal herniae are 
hardly ever seen. 

Further, the hypothesis of vascular com- 
pression involves the assumption that 
intracranial pressure can exceed systolic 
arterial blood-pressure, although mano- 
metric proof of this situation is lacking in 
man. Norman and others (1957) believe 
that this is likely to occur only when there 
is some systemic hypotension such as may 
occur in  neonatal shock. Apart from this 
latter situation there is no convincing 
evidence that the rise in intracranial pres- 
sure due to hypoxia is coincident with a fall 
in blood-pressure. This applies particularly 
to the epileptic seizure. Thus Small and 
Woolf (1957) have described severe anoxic 
lesions in the brain of an epileptic without 
any rise in intracranial pressure or tentorial 
herniation. Scholz (1959) has also stressed 
the absence of brain-stem lesions in the 
pattern of ictal damage. It would also seem 
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reasonable to suggest that, within the 
vascular bed, veins are more likely to suffer 
occlusion than arteries. The production of 
infarction as a result of a sudden rise in 
venous pressure has been demonstrated 
experimentally by Denny Brown et al. 
(1956). 

It must be concluded that, at the present 
time, the hypothesis of arterial compression 
as the cause of lesions in hypoxic states 
‘. . . still needs confirmation and in par- 
ticular experimental proof’. (Gastaut et al. 
1959). It appears to rest on a no more 
secure basis of fact than the earlier hypo- 
thesis of vasospasm, and this latter, in my 
view, equally merits investigation by 
experimental techniques. 

I am not suggesting, however, that 
vascular occlusion in some form and at 
some site between artery and capillary is to 
be dismissed as improbable in hypoxia. 
Burton (1951), in defining the ‘critical 
closing pressure’ in arteries and arterioles, 
has indicated some of the conditions under 
which vascular occlusion can occur. It 
appears that hypotension of a degree 
sufficient to attain the ‘critical closing 
pressure’ will arrest blood-flow not at an 
arterial but at an arteriolar or capillary 
level. There seems to be an urgent need for 
the application of this approach to the 
cerebral circulation during experimental 
hypoxia, providing that the basic variables 
of intracranial pressure (above and below 
the tentorium) and systemic blood-pressure 
can be simultaneously recorded. 

Finally, it should be remembered that it 
is in the human brain that purely anatomi- 
cal variables will attain their maximum 
importance, and of these, variations in 
the size and shape of the tentorial 
hiatus (Corsellis 1958) and in the size, 
symmetry, calibre and course of the 
vessels of the circle of Willis will be of 
cardinal importance. 

Discussion 
The various hypotheses of the patho- 

genesis of hypoxic lesions that I have 
briefly outlined indicate, above all, the 

difficulties inherent in the neuropatho- 
logical approach, based as it must always 
be on a retrospective interpretation of 
events and almost always in the absence of 
critical physiological information. 

It is most probable that while each 
hypothesis can contribute to the explana- 
tion of some of the phenomena, no single 
hypothesis can explain all. Strong support 
for the factor of ‘consumptive anoxia’ has 
come from the experiments of Meyer and 
Portnoy, but there have been few investi- 
gations into the ‘pathoclitic’ properties of 
neurones, although the pathological evi- 
dence points clearly to their existence. The 
position with regard to the ‘vascular’ factor 
has been surveyed and it must be admitted 
that, even now, no adequately verified 
theory can replace that of Spielmeyer 
formulated more than 30 years ago. 

The conclusion seems unavoidable that 
the solution of the fundamental problems of 
hypoxic lesions will not be attained within 
the discipline of classical descriptive neuro- 
pathology but will require the contribution 
of the physiologist and experimental patho- 
logist who can record such important 
physiological variables as arterial, venous 
sinus and intracranial pressures before, 
during and after an hypoxic episode, the 
oxygen saturation of arterial and venous 
blood, the oxygen tension in nervous tissue 
and the electrical activity of neurones or 
neuronal systems. 

Someof thepotentialities ofthis approach 
to the aspects of hypoxia have already been 
demonstrated by the experiments of Meyer 
and Denny Brown (1955) in the monkey. 

The availability of sensitive techniques 
for the measurement and recording of these 
intracranial and systemic variables offers 
to the experimental worker the possibility 
of escape from the neuropathological dead- 
lock now existing in regard to the patho- 
genesis of hypoxic lesions. 
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SUMMARY 
Evidence for a period of hypoxia of some type is frequently encountered in the history 

of cases of cerebral palsy, however variable the final cerebral pathology may be. This 
hypoxia may arise as a result of, for example, neonatal asphyxia, maternal anaemia, intra- 
cranial hrermorrhage or subsequent epileptic seizures. 

Both the neurone and the cerebral capillary are damaged by hypoxia but the ultimate 
cerebral lesions commonly involve a characteristic pattern of selectively vulnerable struc- 
tures which include cerebral cortex, Ammon’s horn, thalamus, amygdaloid nucleus and 
cerebellum. The various hypotheses advanced to explain this pattern of lesions are 
discussed with particular attention to that of arterial compression. Reasons are given for 
believing that it is unlikely that hypoxic lesions can be ascribed to compression of arterial 
trunks. However, the possibility of arrest of blood-flow at an arteriolar or capillary level 
deserves consideration. 

An understanding of the fundamental mechanism of the hypoxic lesion demands 
experimental techniques by which physiological variables such as arterial, venous sinus 
and intracranial pressures and blood and tissue oxygen tensions can be recorded before, 
during and after a period of hypoxia. 

RESUME 
Dans l’anamnese des cas d’infirmite motrice cerkbrale. on retrouve souvent des traces 

d’hypoxie d’un certain type. quelque soit la diversitk du tableau definitif de la maladie. 
Cette hypoxie peut resulter par exemple d’asphyxie neonatale, d’ankmie maternelle, 
d’hemorragie intracrhienne ou de crises epileptiques conskcutives. 

Le neurone aussi bien que les capillaires ckrkbraux sont lises par l’hypoxie mais les 
lesions cerebrales dkfinitives comportent souvent un schema caractkristique de structures 
selectivement vulnkrables qui comprennent le cortex cerebral, la corne d’Ammon, le 
thalamus, le noyau amygdalien et le cervelet. Les diverses hypothbes proposees pour 
expliquer ce schCma de lesions sont discutees et tout particulierement celui de la com- 
pression arterielle. L’auteur donne des raisons de croire qu’il est improbable que les lesions 
hypoxiques puissent etre attribuees A la compression des troncs artkriels. Cependant, la 
possibilite d’un arr&t du flux sanguin au niveau arteriolaire ou capillaire merite d‘&tre 
envisage. 

I1 semblerait que, pour comprendre le mecanisme fondamental de la lesion hypoxique, il 
faille des techniques experimentales permettant d’enregistrer les variables physiologiques 
telles que les pressions arterielles, des sinus veineux et intracrgniennes, ainsi que la tension 
en oxygene du sang et des tissus, avant, pendant et aprts la pkriode d’hypoxie. 

ZUSAMMENFASSUNG 
Man findet oft in der Anamnese der Falle von Zerebrallahmung Spuren von irgend 

einer .Art von Hypoxie, wie verschiedenartig das endgiiltige Krankheitsbild auch sei. 
Dieser Mange1 an Sauerstoff kann Zuni Beispiel als Folge neonataler Asphyxie, mutterlicher 
Blutannut, Hamorrhagie innerhalb der Schadelhohle oder spaterer epileptischer Anfalle 
erscheinen. 

Sowie die Neurone als auch die Gehirnkapillaren sind durch Hypoxie geschadigt aber 
die endgiiltigen Lasionen des Gehirns weisen oft eine charakteristische Schablone von 
besonders verwundbaren Strukturen auf, die die Hirnrinde, das Ammonshorn, den Thala- 
mus, den amygdaloiden Nucleus und das Kleinhirn einschliessen. Die verschiedenen 
Hypothesen die vorgeschlagen wurden, um diese Lasionsschablone zu erklaren, werden 
erortert, mit besonderer Rucksicht auf die Arterienkompression. Der Autor erklart, 
warum man annehmen kann, dass es unwahrscheinlich ist, dass Schadigungen durch 

32 

Association ATIDE 
Centre de Documentation ARIANE



Vol. 3, No. 1 ,  1961 CEREBRAL PALSY BULLETIN 

Hypoxie einer Kompression der Arterienstamme zugeschrieben werden konnen. Man 
muss jedoch die Moglichkeit einer Stockung des Blutflusses im Gebiet der kleinen Arterien 
oder Kapillaren in Betracht ziehen. 

Um den Grundmechanismus der Schadigung durch Hypoxie zu verstehen, waren, 
dem Anschein nach, experimentale Techniken notig, urn physiologische Befunde wie 
Arterien -Sinus- und Gehirndruck, sowie Sauerstoffgehalt des Blutes und der Gewebe vor, 
wahrend und nach der Periode der Hypoxie, zu registrieren. 
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