
P A R A N A T A L  A N O X I A  A N D  ITS R E S I D U A L  E N C E P H A L I C  

LESIONS* ' t  
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And a certain man la.me from hi/} m~ther's womb was carried, whom they laid daily 
i,~ the gate of the temple wh{ch is called beautiful, to ask alms of them thaLentered 
into the temple. 

ACTS 3" 2 

Tins BRIEF MENTION of a man crippled in his lower extremities who, according 
to St. Luke, th~phys ic ian ,  was "lame from (his,) mother ' s  womb",  const i tu tes  
a historical introduct ion to the concept  of the serious effects of abnormal  
birth. The specific cause of such disabilities seems to be echoed in a s t a t emen t  
made centuries later by one-William Lit t le  ~- who wrote" " In  two cases, the bir th 
occ)lrred a t  the  full period of ges ta t ion,  but owing to the difficulty and  slowness 
ot~ par tur i t ion ,  the  indiv iduals  were born in a ' s t a t e  of a sphyx ia  (asphyxia  
neonatorum),  resusc i ta t ion  hav ing  been ob ta ined  a t  the exp i ra t ion  of two and 
four hours  th rough  persever ing efforts of ' the  accoucheurs . "  Over  tile long 
period which  has elapsed be tween  the p ronouncemen t s  of Sa in t  L u k e  and  "'Saint" 
Little, it ha8 come to be recognized t h a t  chi ldren who have  been cr ippled " f rom 
their mo the r ' s  w o m b "  m a y  develop " p e r m a n e n t  spast ic  con t rac t ions  in ,carious 
parts of the  body . "w Moreover ,  from the t ime t h a t  such deformi t ies  were first 
pain.te}t on the walls of Egypt~ian sepulchres,  depic ted  on the canvasses  of 
mediaeval masters ,  and described by  medical  wri ters  since the Renaissance ,  
the clinical p ic ture  of these deformed m ~ i d u a l s  has become indelif)ly impressed  
upon the hear t s  and minds  of l aymen  a'~hd p h y s i c ~ n s  alike. 

The reason for this ta rd iness  on th~.{part of medical  historians,  in co imect ing  
the occurrence of p a r a n a t a l  a sphyx ia  anc~ the d e v e l o p m e n t  of the  several  forms 
of paralyt ic  p h e n o m e n a  resul ts  from a t failure to c o m p r e h e n d  the complex  
mechanism of anoxia.  I t  is t rue  t h a t  L i t t l e ' s  con tempora r i e s  were wil l ing to 
designate spas t ic  pa rap leg ia  as "L i t t l e ' s  disease,"  b u t  the  precise re la t ionsh ip  

*Much of the investigative work on which the present survey is based has been aided by a 
grant (B-1248) from the National Institute of Neuro~ggical Diseases and Blindness, Bet.hesda, 
Maryland. 

tin order to avoid confusion, the terms hypoxia and anoxla ai.re used in the sense suggested by 
Wiggers. ~ Accordingly, hypoxia implies a lowered oxygen tension in the blood resulting in physio- 
logical changes which are reversible leading to complete normalcy; anoxia indicates a state of a 
oxygen lack to a degree ~ resulting in pathologica'l alterations in l he brain followed by either fatal 
issue or physical and/or mental deficits during the survivall period. 

~From the Cajal Laboratory of Neuropathology, Los Ang~eles County Hospital, and the Division 
of Nervous Diseases (Neurology'), College of Medical Evangelists, Los Angeles, California. 

~The clear understanding of William Little in this malter of the relation between paranatal 
anoxia arid certain deformities of the e~tremities has now become so widely recognized that his 
name should certainb~be suggested~for early canonization among the "saints~, ' of medical science. 
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between the anoxic cause and defor~ning motor effect was overlooked. The 
entire problem was gubsequently thrown into a turmoil by the variable pictuee 
of the cerebral lesions found at  autopsy in these cases. Moreover,  the qonvinc- 
ing pronouncements of such authorit ies as Osler a and Freud 4 were misleading 
to their contemporaries.  Although they were not certain as to the precise cause 
of  this brain damage, they had decided tha t  it was not due to asphyxia. ,Living 
in 19613, we cannot  so readily be excused .for our ignorance: a quar ter  of a 
century  has now elapsed since the effects of anoxia of the human brain have 
become known. In the light of prese~t-day knowledge, it is therefore fair to 
ask why medical writers still persist in designating these natal  episodes as 
"bir th  injuries." Because the motor an~t int,ellectflal residuals of the anaesthetic 
anoxias, for example, are s6 definite!y recognized, why are we so slow to 
acknowledge their clinical counterpar ts  in children who have experienced a 
severe degree of anoxia at the time of birth? Now tha t  we can readily identify 
post-anoxic changes in the brain of adults,  why are neuropathologis ts  in par- 
ticular so re luctant  to ~dmit  the same lesion in the brain of a child, damage 
which obviously dates back to the birth piocess? 

In :.this brief presentat ion,  the writer hopes to make clear to anaesthetists, 
so vi ta l ly  concerned with the effects on the brain of~ oxygep deficiency, the true 
s ta tus  of this problem. If it is true, as Beecher and Todd 5 have suggested, that 
the most common complication of ailaesthesia is st~ll cerebral anoxia, gyery 
we]~l-trained anaesthet is t  is wi thout  excuse on this point. 

~MPORTANCE OF PARANAT.AL ANOXIA TO PRESENT-DAY MEDICINE 

I t  is legit imate to inquire " Ju s t  how impor tan t  are the residuals of para- 
nata l  anoxia to present-d'ay medicine? Does it have a possible answer to some 
questions as to the still unsolved etiology of certain neurological or psychiatric 
disorders," or is the entire' mat te r  'much ado about  no th ing '?"  The  most direct 
approach to the answer of this question is to evaluate  briefly the three major 
symptoms of anoxia ,that occur in our post -anaes thet ic  hypoxic patients.  

These symptoms are (i) the hyperkinet ic  phenomena such ~s muscle tremors, 
jerkings, and most of all true convulsive seizures, (ii) paralyt ic  manifestations 
in the more severely affected individuals,  and (iii) the intellectual obtuseness, 
emotional aberrations,  and behaviour disorders.* 

In the first place, the problem of epilep'~y assumes medical imporfance if for 
no other reason than its frequency. If the group of cohvulsive disorders that 
date  back to the time of 'early infancy or to birth itself are investigated; it will 
be found tha t  these phenomena include a var ie ty  of disorders which are usually 
associated with a generalized cerebral dys rhy thmia  as noted on the electro- 
e n c e p h a l o g r a m . D o  these "spells" have any  causal relat ionship to an anoxie 
process occurring during birth? When such convu!sive a t tacks  occur in c a s e s  

of cerebral palsy in association with characterist ic  anoxic lesions in the brain, 

*If indeed these are the acute and subacute effects of post-anaesthetic anoxia, why should we 
be surprised that epilepsy, palsy, or intellectual deficits can be r of the chronic post- 
anoxic state? 
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there can be.but  little question. In such instances, it is logical to assume that  
both thi~'pal~ied "~state and the convulsive seizures are due to the single etio- 
logical facto1: of a noxia. 

There can also be little uncertainty in cases in w~hich the' seizures t/ave 
occurred since early infancy but  are either phr~ly jacl~sor~ian in. nature 'or are 
generalized with constant localizing manifestations associated ,with correspond- 
ing focal electroencephalographic dysrhyl~hmias. So often, a surglcal explora- 
tion results in the disclosure of focaF cortical scars or cysts. Such. lesions have 
been described by Ford 6 and Penfield and Erickson. 7 Microscopically, their 
structural, characteristics indicate an identity with-more recent anoxic altera- 
tions of later life. 

The greatest degree of uncertainty exists as to whethey there is any causal 
relationship between paranatal  anoxi~ and the so-called "idiopathic'" convul- 
sions, tn these instahc'es, it is not often that  one can elicit a clear-cufi~history 
of a paranatal anoxic stgte. Even the occurrence qf an apnoeic state is frequently 
not recalled' by the mother. There is some ifldire~t evidence, however, tha t  may 
have a-~ignificant bearing on this point. Nielsen. 8 and subsequently Nielsen 
and Butler 9 pointed out tha,t the first child born ' to  a given family has a much 
greater likelihood of developing convulsive seizures. This correlates with the 
well-known fact that  it is the first born child wfiich is most apt to have difficulty 
in the birth process. In a subsequent study, " Nielsen and Courville 1~ reviewed 
'the evidence favouring the possibility tha t  many cases of epilepsy do have 
their genesis in anoxia at  birth. I~ is.also likely that- in  many such instances, 
any clinical evidence of anoxia ~nay not have been observed, but  it is now 
known that  this state may exisl~in a cryptic form as a circulatory dlsorder. 
There is a strong suspicion on th,~l par.t of the present writer that  oversedation 
0f th~ mother may play an impo~rtant rol~ in this process, n This point will be 
considered further in a subsequent section. 

There is certainly much need for careful clinical studies of the total birth 
picture in idiopathic, epilepsy, particularly with respect to evidence of foetal 
distress in  utero and the amount  of se~tation given in relation to the period of 
apnoea together with the determinatio[n of ~he oxygen content of the ~iood in 
the~umbilical vessels during the pro~Iss of. delivery. 

The matter  of deficiencies in  the,t~nte " llectual f ie ld should also be given critical 
scrutiny from. this viewpoint. A review of a series of cases of cerebral palsy 
has shown that  in from 30 to 40 per cent some degree oof impaired mentat ion 
occurs. 12 I t  is not difficult in such cases with serious brain [es~ns to understand 
this association. I t  is easy to overlook more ,mbtle signs of i'n~ellectual defi~zits 
in patients with less marked degrees of cereb~ral palsy. Perhaps of even greater 
i/nportance is the observation that-in about  t~vo-thirds of the cases of the so- 
called behaviour problems withoiat  well defined causes, d i s turbances  in the 
brain wave pattern are to be noted. - While p a r a n a ~ l  anoxia is by no means 

I" 
the~ or perhaps not even the most common, cause of these menial variatio~ us, 
there can~be little doubt but  tha t  a large rmmber of them do have their, genesis 
in this situation. 

The high incidence of para1~'atal anoxia is perhaps the most striking evidence 
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of its importance i,n the causation of cerebral palsy. Actual percentages vary 
from one series to another. As the result of s tudy of the group of 160 cases 0f 
verified brain lesions in cerebral palsied children, the present writer concluded 
tha t  about  two-thirds were incident to some circulatory disturbance before or 
du~ing the birth process, with anoxia as the chief pathogenetic factor. Fuldner It 
studied the possible etiol6gical factors in 106 clinical c a s ~ o f  cerebral palsy 
and found a his~or.y of asphyxia at  birth in about 90 per cent. Even if one 
accepts the lower of these two esthnates, it is evident tha t  paranatal  anoxia 
is by far the most common factor in the causation of this clinical state, more 
than all other causes combined. This conclusion would indicate tha t  if any 
material lowering of the in'cidence of cerebral palsy is to be expected a more 
critical analysis of paranatal  anoxia must  be made by bott~obstetricians and 
anaesthetists. This particular field of anaesthesia offers an excellent oppor. 
tunl tv  Cot further investigation of the possible factors involved. 

RESIDUAL PARANATAL BRAIN LESIONS FROM 
FATAL OASES OCCURRING IN EATER LIFE 

I t  is evident tha t  our understanding of the path.genesis  and nature o{ithe 
cerebral lesions found at  autopsy in cerebral palsied individuals 'has been 
greatly delayed because of an incomplete knowledge of what  can happen to 
the brain as a result of the anoxic states occurring in later life. This is not too 
surprlsmg when it is realized tha t  the disclosure of the ult imate lesions upon 
which an analysis must  be made is delayed for months or years. By this time 

1 

any interest in the c a u s a t i ~  factors may have been entirely dissipated. More- 
over, in~ a community  hospital, very few if any such lesions will be encountered 
in a lifetime. I t  is perhaps on this precise point tha t  the present writer has 
beeh s~ fo r tuna te ,  for he ha6 had the opportuni ty  to investigate the unusual 
lesions of the brain in a series of well over 65,000 autopsdes in/~ large general 
hospital a swe l l  as an addltlonal number (2,800) of coroner s autopsies. The 
collection.of such cases that  show the ultimate effects o[ anoxaemic states in 
general has been to him not ohly an oppor tuni ty  but  an obligation to the larger 
field of clinical medicine. This brief section, then, may be considered as,a 
crystallization of the essential pbints character iz ing- the  ult imate residual 
lesions of the anoxic state. Brief reference will /ilso be made to the results of 
anoxia on experimental animals which fill in some impor tan t  gaps in our 
knowledge. The experimental studies may be appropriately cited first. 

The ultimate effects on the brain of experimental neonatal anoxia have been 
carefully in~restigated by Windle, Becket, and Weil)  ~ By an ingenious method 
of impairment of tfie~ uterine blood supply of pregnant  guinea pigs just  prior to 
birth of their" young, a state simulating parariatal anoxia could be produced. 
By following a group of these animals for a number  of m6nths, some of the 
ultimate effects of aaoxia on the brain were demonstrated.  I t  was observed 
that  a t rophy of the entire brain was one of the consequences of this procedure, 
as would 6rdinarily be expected. What  was not anticipated, however, was that 
a t rophy could also fnvolve only a hemisphere or even a single lobe of the brain. 



C. B. COURVILLE: PARANATAL ANOXIA 7 

Their work therefore demons t r a~s  tha t  comparab,le situations of lobar or 
hemispheral a t rophy as well as total a t rophy of the brain could occur as a 
result of neonatal anoxia. This potential of the anoxic state in the newborn 
is important,  for it is just  this group 'of residual l~sion,~ which have been par- 
ticularly difficult to evaluate in man. 

In the writer 's series of cases, there were several examples in which lobar 
and hemispheral atro~3hy, as well as total a t rophy of the braiaa, had taken place. 
This change seemed t o ' b e  the only demonstrabre alteration responsible for 
cerebral palsy and reduced mental acuity�9 

What  has been learned from a s tudy of so many examples of cerebral anoxia 
~of later lille tha t  has proven to be of help in the evaluation of the cerebral 
lesions dat ing back to birth? In the first place, it becomes clear tha t  certain 
fundamental alterations, obviously due to anoxia and ischaemia, are observed 
in the brains of older individu.als and th~se seem to have their counterpar t  in 
brain damaged children, is This group of lesions constitutes a series of altera- 
tions progressing in their simplest form from a mild degree of a t rophy of a 
given group of cerebral convolutions to a wiflc/spread nodular cortical change. 
Next to this lesion, there occurs a more severe degree of cortical a t rophy such 
as is seen, in the residuals of occlusive vascular lesions which may result in 
actual porencephalic defects in the brain. 

In the second place, the characteristic cortical change histologically con- 
stitutes a second and parallel series, existing in its mildest fmrm in a pa tchy  
or laminar loss of nerve cells and progressing with, increasing degrees of damage 
to the intermediate cellular lamina until either a laminar yasculai ~ scar (in 
less severe degree of damage) or a grossly evident laminar cortical necrosis 
results. 

A third obser~ation, one which parallels the cortical alterations, b u t  which 
does not follow a typical pat tern,  is a progressive degeneration 6r actual soften- 
ing of the lenticular nucleus. The index lesion in this respect is the softening of 
globus pallidus such as occurs m consequence to a gevere exposure to carbon 
monoxide or other asphyxiant  gases) 8 

The fourth'~observation, one tha t  seems not to 'haw.  ~ ~ttracted the "attention 
which it deserves, is the tendency for certain types of anoxic disorders to result 
in regressive changes in the underlying whi te 'ma ' t ter .  Following the more 
severe degrees of ~a~oxia, there results the quite rapid formation of cysts in 
the cerebral centeum. In a slower evolution of thi~,~ process, demyehnat lon with 

'1 gliosis constitutes the ultimate lesio~a. These les~ons can develoi~ only under 
certain circumstances in which prolonged survival after an anoxic irrsult is the 

a 

chief etiological 'factor. I t  is observed most often after carbon monoxide and 
nitrous oxide, and less so after exposure to other asphyxiant  gases~ 

The fifth observatiofi involves the cerebellum more or less diffusely, resulting 
in a generalized a t rophy of this organ, al though a few examples of.focal a t rophy  
have also been seen. This is not so commonly found after anoxias o f a d u l t  life, 
although its basic histological lesk)n,,a diffuse loss of. the Purkinje and granule 
cells, occurs in a wide variety of conditions assocmted with a clrculatory dis- 
turbance if not an obvious anoxic state�9 This particular feature is now under 
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study in the Cajal Laboratory,  and a full report will be forthcoming .within 
the next year or so. 

The next observation, one within the fairl) characteristic pat tern of cerebral 
responses to lowered oxygen tension, indicates that  a considerable vatqety of 
lesions may result in a single case, depending upon the mechanism and degree 
of oxygen deprivation. It  is'also possible that  these changes are owing in pgrt 
to tk~ length of time the impairment of oxygen supply persists. This fact can 
be seen by reviewing the possible lesions in the 'bra in  whic]~ may occur after 
carbon monoxide "poisoning," one type of anoxia with which most of u~ are 
familiar. As the writer has pointed out in an earlier study, ~7 it is possible to 
find (i) diffuse cortical changes with spot ty  and laminar necrosis, so character- 
istic of anoxia incident to nitrous oxide, (ii) focal haemorrhage, softening 
and /o r  formation in the lenticular nucleus (especially the globus pallidus) 
which, of course, is the type-lesion of carbon monoxide "poi,~oning," (iii) seleC- 
tive damage to the Purkinje and granule cells of the  cerebellar cortex, (iv) the 
formation of gross cortical-subcortical softenings, parti, cularly in the parieto- 
occipital region, (v) the formation of local cortical-subcortical cysts with 
longer periods of survival, (vA) multiple cyst formatioll in t h e  cerebral white 
matter,  and finally, (vii) a diffuste dem~elination of the cerelSral centrum. The 
important  .conclusion from this fac'{ is that  anoxia per se can result in a wide 
variety of lesions, some which may not be appreciated at all-as a resid~aal of 
this state. 

e 

Our seve~ath observation is a corollary to this fundamental  fact, namely that 
more than one of these lesions may be present in any one case producing 
thereby a lesion-complex. Such a situation can b~e inteiq)reted properly only by 
recognizing the individual types of cerebral changes and appreciating that  alI 
of them must have an~[mpaired oxygen supply as their genesis. I t  is also lJOS- 
sible that  such a complex may result from a combination of the various forms 
of anoxia (anoxic, anae-'mic, and histotoxic forms). 

ANOXIA INCIDENT TO THE BIRTH PROCESS AS A POSSIBLE CAUSE OF 

BRAIN DAMAGE IN INFANCY 

The misunderstanding of the complex nature of th e brain lesions found in 
crippled children has been due to a failure to see in these well-defined patterns 
of tissue change tl~e classical, hallmarks of anoxia. The first impression of the 
average investigator is that  such lesions must  be the result of some unusually 
complex pathogenetic processiand, by inference, must  be of congenital, degeri- 
erative, or infectious etiology~-By applying such etiological labels to this kind 
of lesion, we excuse ourselves from the necessity of looking further into their 
causation. Bu-~ to put  the proposed thesis of their anoxic etiology to the test, 
these various lesiofa-complexes must  be broken down and each of the lesions 
composing them must  be examined~ with critical scrutiny. It.will be logical to 
s tar t  from the more simple lesions an~ proce@ to those which are more complex. 

(a) Widespread cerebral softening in infancy. This group of lesions is relatively 
"rare, even though the several subvarieties are grouped together. Thev are 

I 
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usually, exposed at autopsy in infants who have presented a progressivc down- 
hill course to death fyom within, thc first few m6nths to a year or two of life. 
The clinical course is characterized by the early onset of convulsive seizures, 
followed by evidence of defective mentation, and finally by the development  
of quadriplegias and decorticate rigidities. The less severe lesions consist of a 
diffuse softening of~the cerebral gray mat ter  (Alper's disease). •t times, these 
lesions of the grab; mat ter  are associated with subcortical or central, cyst  forma- 
tion. I~n more severe cases, the softening involves both the cortex and sub- 
corl:e~ 18 The very localization of the physical alterations ill the brain' suggests 
an anoxic etiology. In addition, the ~tuthor's recerli: investigation of the problem 
suggests that  their ~ genesis lies in .~ome circulatory disorder occurring at  the 
time of birth. *~9 

(b) General cerebral atropM'es." The chronic counterpar t  of this group of. 
lesions may be~ included under this term. of geEeral" derebral atrophies. Thi~ 
term implies that  either the cerebrum as a whobe, or one he~rnispliere, is d ig  

"~ 

fusely atro,hic .  The convolutions individually seem to be fairly uniform in 
diameter but  are simply smaller than normal ' in  size. In the cases~ the hemi- 
atrophies, sections from comparative areas in the cerebral hemispheres.indicate 
that the smaller hemispheffe is marked by a patchy loss of cortical nerve cells. 
Even in these presumed hemiatrophies, the larger hemisphere is smaller than 
that in the average :child o~ corresponding age. This is sugges.ted even during 
life, for the head of ' the  affected child i[s inclined to be smaller .than average. 
Roentgenograrns of the skull of ten  show .a smaller, cranial vaul t  on the side 
of the smaller hemisphere. As a basis for consideration of etiology, the experi- 
mental work of Windle and his associates ~4 gi;ves us ~ the clue in an anoxic 
episode either just  before or at  the time of bir th . -This  factor may  be of the 
nature of a lessened circulatory irrigation, al though a s t raight  anoxic episode 
at the time of birth may have taken place. As Wind  le~et~al, hav~ demonstra ted,  
it was not unusual to find in their animals what  appeared to be a genebslized 
anoxic process, could cause an a t rophy of one hemisphere or even a solitary 
lobe of the brain. 

(c) Focal cortical ,scars or cysts. Ford 6 and Penfield land Erickson ~ l{~v~ 
pointed out tha t  focal cortical scars or cysts may be the cause of epileptiform 
convulsions, often characterized by localizing phenomena.  When these small 
lesions are examined microscopically, they prove to h a ~ e  identical struc- 
ture of nodular-,cortical a t rophy (Or sclerosis) with "tlleir characteristic anoxic 
changes in tlie cerebral gray matter.  These findings.suggest tha t  such lesions 
have their genesis in a mild form of paranatal  anoxia, but  one in which ~the 
secondary and perhaps, more obvious ischaemic changes halve produced the 
essential epileptogenic lesions�9 This aspect of the problem will be considered 
in greater detail in a subsequent section. 

(d) Cerebellar atrophies. A great deal of work has been done on a t rophy  of 
the cerebellum in the recent past. Thi,~ work certainly proves tha t  a reduction 

*l~arely these widespread cortical lesions undergo a slower process of deterioration with a 
generalized loss of the parenchymatous  elements and with a replacement gliosis; under  these 
circumstances a co}tical change designated as a "walnut  kernel" brain results 
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in size of the individual cerebellar folia in many, if. not most, cases cannot  
be laid a t  the door of cerebral anoxia. But  in some cases~,~L'~rebral anoxia is 
indeed the actual  cause, This has already been suggested clinically ~ by the 
group, of the w cerebral palsied children whose predominant  symptom- 
c o m p l e ~ i s  tha t  of ataxia-atonia.  This is also implied by  the disclosure by 
specific examifiation of the cerebelIar tissues in cases whose other  lesions are 
characterist ical ly of anoxic etiology. 19 I t  would therefore appear  t h a t  these 
s t ructural  al terat ions in the cerebellum are present in minor degrees in many 
instances of cerebral palsy, but  in these the suggestive cerebell~/r manifestations 
are obscured by the predominant  cortical or ganglionic symptoms.  Much more 
s tudy  of the accompanying cerebellar changes is necessary to evaluate  more 
completely the unequivocal examples of the ataxic-atonic group. 

~e) The nodular atrophies ~or scleroses). The most  common basi~ lesion of 
the brain in cerebral palsied children is this irregular atrophic and sclerotic 
change in portions of the cerebral cortex. In fact, a var ie ty  of distr ibutions of 
this change may  be found in any large series of cases. 2~ Such examples can be 
compared in all their detail to ischz~emic lesions of the cortex in older indi- 
viduals with arteriosclerosis. 21 This seems to establish wi thout  question the 
pathogenesis  of the lesion. But  it is allso necessary to recognize from other 
experiences with the anoxic s tate  tha t  oxygen lack may  set in motio n a degree 
of vasomotor  dysfunct ion which produces this secondary or ischaemic type of 
lesion. This may occur either in the  form of the epileptic lesions of  Ford  s and 
Penfield and Erickson, ~ the so-called lobar  sclerosis of Bresler, 22 or finally as 
the diffuse lesions seen in severe cases of nodular  sclerosis'. 2~ T h i s  lesion is 
commonly associated with porencephal!c cysts (which are but  an advanced 
degree of the same process), a l terat ions in the basal ganglia, or even cystic 
formations in the central  white matter .  These combinat ions fur ther  demonstrate  
the t ru th  of one of the postulates a l ready set forth to the effect t ha t  multiple 
lesions, all of anoxic etiology, may  be found in a single case. 

(f) The ganglionic-cortical lesions. Still ~tnother group of lesion-complexes 
are those which involve the basal ganglia azld, to a lesser extent,  the cerebral 
cortex. The '  predomin~nt  lesion affects various ganglionic s t ructures  or sub- 
ganglionic nuclei so tha t  the outs tanding clinic~l symptom is tha t  of various 
hyperkinetic states, most commonly tha t  of choreoathetosis.  This group of 
,cerebral palsied children are recognized as a separate  clinical en t i ty  on this 
basis. The  most common lesion seems to be tha t  of s ta tus  marmoratus ,  a 
peculiar change characterized by the presence of an increased number of 
bundles of myelinated nerve fibers, . occurring chiefly within or near the gang- 
lionic masses bu t  invol4i~g the cerebral cortex a t  times. S ta tus  dysmyelinisatus 
(degeneration of the myelinated nerve fibers) is much more rare.~ Cysts or 
a t rophy  affecting the lenficular nucleus are also described. Although the patho- 
genesis of s ta tus  marmora tus  is still a subject  of much conjecture,  but  possibly 
due to secondary destruct ion of cortex in embryonic  life, 2~ most s tudents  of 
the problem.~gree tha t  this lesion is a consequence of "b i r th  in}ury". 24 Be- 
cause this lesion is so often associated with other  changes in the brain charac- 
teristic of cerebral anoxia, it seems logical to assume tha t  it also is of an anoxic 



C. m COURVILI~E" PXRANATAL ANOXIA 11 

(g) Lesions of the central white matter. The structural alterationst in this group 
of lesions involving the cerebral white mat ter  have divided the investigators 
studying these lesions into several camps:  As for gliosis, t h e  least ~ p o r t ~ n t  
of the three, there is 'perhaps little to say other than its association with so 
many other lesions of the group here considered speaks strongly in favour of 
its off,gin in some diffuse circulatory process such as anoxia. The second lesion 
described as chronic ihfantile cystic degeneration of the cerebral white matter is 
believed by a larger portion of in~cestigator~ to be the result of multiple haemor- 
rhages incident to occlusion of the internal venous system of Galen. The present 
writer cannot accept this thesis f~r reasons brought out in a recent publication. 2~ 
Moreover, h~ has had the opportunity to s tudy a series of three recently born 
infants whose fatal lesion appeared to consist of a widespread cbndensation 8f 
multiple petechial haemorrhages occupying :most of the cerebral white matter .  25 
Since multiple haemorrhages into the cerebral centrum are characteristic of 
acute anoxia under other circumstances, and since in the cases studied there 
was evidence of an anoxic episode at birth, i t 'seems reasonable to believe tha t  
neonatal anoxia ,haay well have been its cause.. 

As for the third possibility, diffuse demyelination of the cerebral white matter, 
otherwise described as the infantile form of diffuse sclef'osis (Schilder's disease), 
there is still room for uncertainty. Perhaps the greatest reason for doubt  lies 
in the fact that  in many cases there is a familial histor, y of this disorder. There 
is a form which occurs in la ter  childhood and another which develops in later 
life (Pelazeus-Merzbacher's disease) still another argument  against its genesis 
in a paranatal anoxic episode. Nevertheless, the fact remains tha t  every detail 
of the histology of diffuse sclerosis has its exact counterpar t  in widespread 
degeneration of the cerebral white mat ter  after serious exposure to carbon 
monoxide. Therefore, this etiology demands consideration for this possible 
cause, be it paranatal  or otherwise. We are obliged to leave this" problem at  
this point. 

A survey of these lesion-complexes associated with, and presumably the 
cause of, cerebral palsy beginning in early ]life suggests tha t  in from two-thirds 
to three-fourths of these patients a paranatal  anoxic episode is their most 
common cause. This conclusion is based on the fact  ffaat when these complexes 
are analysed in the light of the cerebral changes incident to oxygen want  of 
later life, their similarities" argue in favour of an anoxic episode. Other changes 
~(the general atrophies) resemble post-anoxic alterations in experimental 
animals. In still other lesions (status marmoratus)  whose pathogenesis is 
difficult to evaluate, there is a clinical history of "bir th in jury"  in the~great 
majority of instances. As has already been pointed out, the presence of multiple 
lesions, each of which has been shown to have a possible anoxic etiology, con- 
stitutes still another argument ir~ support of this conclusion. 

RELA~/'ION OF THE ANAESTHETIST TO BIRTH PALSIES 

It would be idle to discuss at  length the problems of paranatal  anoxia without 
condensing this material into some practical conclusions, for, while many 
anaesthetists may have an academic ~nterest in t:he problem lof cerebral palsy 
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because of the connection between anoxia at  bir th and its clinical consequences, 
any  direct concern must  lie in the more practical problems of the ad,ninistration 
of anaesthesia to the mother-to-be at the t ime of de l ive ry . 'Whafpar t ,  if any, is 
played by the anaesthet is t  in the production of anoxic damage  to the brain of 
the newborn child? To the credit of the prr4ession, the answer is "very  little, 
if any . "  Nevertheless, it is well to review very briefly wha t  the possibilities 
may be. 

In the recent past, there has been an increasing demand on the par t  of women 
to be completely emancipated from the pain, if not the consciousness, of child. 
birth. It  would appear  as tholagh the would-be-mothers  were anxious, not only 
to be completely free of any  discomfort in the process, bu t  also to be completely 
oblivious to the entire proceedings. In view of t'his insistence, the obstetrician 
tends to put  pressure on the anaesthet is t  to give the anaesthet ic  early, and to 
mainta in  it unti l  the procedure is completed. But meanwhile,  the evidence has 
accumulated tha t  the more sedation and anaesthesia tha t  has bee a administered, 
the more likely it will be tha t  the infant  will be born in a s ta te  of apnoea. 
Moreover, the length of this period of apnoea is proportional  to the degree of 
narcosis produced, n i t  mus t ' b e  recognized tha t  apnoea per se is probably n0f 
significant in the great  major i ty  of cases. But: there are, nevertheless, two 
inherent  dangers. The first danger lies in the possibility that ,  together  with the 
increased depth of narcosis, the in-tercurrence of some other factor, such as a 
prolonged or difficult delivery or excessive haemorrhage,  may  superimpose two 
si tuat ions which add up to a serious degree of anoxia. The second danger lies 
in the fact tha t  often this addit ional  factor may be total ly quiescent clinically 
so that~ the bir th is presumed to be normal when it is not. This is evident in 
tha t  in so many  cases of cerebral palsy in which the cerebral lesion is unequivo- 
cally due to anoxia, there is nothing in the bir th record to point  to the exact 
causat ive factor. If the writer 's  long experience in the problem of paranatal 

t~ 

anoxia has any meaning whatever,  the mosLimpor tan t~cont r ibut ion  which he 
can make to the profession of Anaesthesia is this spectre of "si lent  anoxia," 
or hypoxia,  if you please, which must  r~educe the mental i ty  and cripple the limbs 
of so many  of our children. How low the degree of narcosis tha t  one can produce 
and still accomplish the legitimate purpose of anaesthesia,  not how much 
anaesthesia can be produced and still be able to revive the infant,  should be 
the studied objective, lit is not  any  fear of wha t  may  happen to the mother, 
but  a fear of wha t  may happen to the  brain of the newborn infant,  whose very 
vulnerable nervous tissues are much more susceptible to the effects of oxygen 
want ,  tha t  should be the guidbng principle of practice of the ar t  of anaesthesia 
under these circumstances.  

. 

2. 

REFERENCES 

WmGERS, C.J.  Cardiac Adaptions in Acute progressive Anpxia. Ann. Int. Med. 1~1 (1): 
1237-1247 (1941). 

LITTLE, W. J. On the Nature and Treatment of the Deformities of the Human Frame. 
London: Longman, Brown, Green, and Longman (1853). 



I I 

C. B. COUI~VILL E" PARANATAL ANOXIA 13 

3. OSLER, W. The Cerebral Palsies of Childhood, a Clinical Study from the Infirmary for 
Nervous Diseases. Philadelphia: P. Blaskiston (1889). 

~. FRE~, S. Die infantile Cerebralltihmung. Wien: Alfred Holder (1897). 
5. BEEC.HER, H. K., & TODD, D.P. A Sttdy. of Deaths Associated with Anesthesia an~ Surger~y 

Based on a ~tudy of 599,548 Anesthesias in Ten Institutions, 1948-1952, Inclusive. Ann. 
Surg. I40 (1): 2-35 (1954). 

6. FORD, F. R. Cerebral Birth Injuries and their Results. Medicine 8 (5): 121-194 (1926). 
7. PENFIELD, W., & ERICKSON, T. Epilepsy and Cerebral Localization: A Study of the Mech- 

anism, Treatment, and Prevention of I/;pileptic Seizurds. Springfield, Ill.: Charles C" 
Thomas (1941). 

8. NIELSEN, J. M. Etiology of Idiopathic Epilepsy. Bull. Los Angeles Neurol. Soc. $1 (3): 
97-101 (1946). 

9..NIELSEN, J. M., & BUTLER, F.O. Birth Primacy and Idiopathic Ep!lelSsy. Bull. Los Angeles 
Neurol. Soc. 13 (3): 176-178 (1948). 

10. NIELSEN, J. M., & COURVILLE, CXRtL B. Role of Birth Injury and Asphyxia in Idiopathic 
Epilepsy. Neurology 1 (1): 48-52 (1951). 

11. COURVILLE, CYRIL B. Narcosis and the Fetal brain. Bull. Los Angeles Neurol. Soc. 20 (3): 
97-111 (1955). 

12. BENDA, C. E. Developmental Disorl:lers of Mentation and Cerebral Palsies. New X~ork: 
-Grune & Stratton (1952). 

13. FtYLDNER, R.V. Labor Complicationls and Cerebral Palsy. Am. J. Obstet. & Gynec. 74 (1): 
159-166 (1957). 

14. WINDLE, W. F., BECKER, R. F., & ~:EIL, A. Alterations in Brain Structure after Asphyxia- 
tion at Birth: An Experimental Study in the Guinea Pig. J. Neur0path. & Exper. Neurol. 
3 (4): 224-238 (1944). 

15. COURVILLE, CYRIL B. Antenatal and Paranatal Circulatory Disorders as a Cause of Cerebral 
Damage in Early Life. J. Neuropat}~ & Exper. Neurol. 18 (1): 115-139 (1959). 

16. COURVILLE, CYRIL B., & MYERS, R. O. Effects of Extraneous Poisons on the Nervous 
I 

System. III. The Asphyxiant Gases Bull. Los Angeles Neu~l. Soc. 1,9 (4): 197-225 (1954). 
17. COURVmLE, CYRm B. Case Studies in Cerebral Anoxia. IX. The Cerebral Lesion-Complexes 

Incident.to Carbon Monoxide Asphyxia, Bull. Los An'geles Neurol. Soc. 20 (3): 139-144 
(1955). 

18. COURVILLE, CYRIL B. Syndrome of Decorticate Rigidity, Convulsions, and Amentia 
Occurring in Early Infancy: Review of the Literature and Repo~t of Four Verified Cases 
with Subtotal Softening of the Forebrain. Bull. Los Angeles Neurol. Soc. 28 (1): 1-17 (1960). 

19. COURVILLE, CYRIL B. Structui-al Alterations in the Cerebellum in Cases of Cerebellar 
Palsy: Their Relation to Residual-Symptomatology in the Ataxic-Atonic Group. Bull. 
Los Angeles Neurol. Soc. 2~ (3): ~48-165 (1959). 

20. COUR'~ ILLE, CYRIL B. Pathogenesis of Nodular Atrophy of the Cerebral Cortex: A Common 
. J . 

Cortical Change Found m Cases of Cerebral Palsy. Arch: Pedmt. 77 (3): 101-129 (1961J). 
21. COURVILLE, CYRIL B. The Pathogenesis of Nodular Cortical Atrophy: Apparent-Mechanism 

of Lesion Commonly Found in Cerebral Palsied Individuals. Bull. Los Angeli~s Neurol. 
Soc. 22 (3): 120-130 (1957). 

22. BRESLE~, J. Klinische und pathologisch-anatomische Beitr~igel zur Microgyrie. Arch. 
Psychiat. 31 (1): 566-573 (1898-1899). 

23. MORRISON, L.R. Anatomical Studies of Central Nervous System Qf Dogs without Forebrain 
or Cerebellum. Haarlem: Bonin (1928). Cited by Benda (1952). 

24. MALAMUD, N. Status marmoratus: A Form of Cerebral Palsy Following either Birth Injury 
or Inflammation of the Central Nervous System. J. Pediat. 37 (10): 610-619 (1950). 

25. COURVmLE, CYRIL B. Residual Lesions after Thrombosis of Ihe Superior Longitudinal 
Sinus: Review of Literatttre and Report of Case. Bull. Los A~geles Neurol. Soc. 28 (4): 
160-170 (1958). 

26. COURVILLE, CYRIL B. Central Hemorrhagic Encephalopathy of Early Infancy: Report of 
Three Verified Cases Suggesting the Genesis of Infantile Cystic Degeneration in a Para- 
natal Anoxic Disorder. Neurology 10 (1): 70-80 (1960). 


