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The cerebral changes due to perinatal anoxia and their pathogenesis 
in the acute, subacute and chronic stages are described. The tolerance by 
the nervous system of 0 2 deficiency in the foetal and perinatal period, intra
uterine CO poisoning, the cerebral changes induced by postnatal eclampsia 
and Alpers’ disease are discussed with special reference to histopathologic 
aspects. Attention is called to the possibility that perinatal anoxia may lead 
to mental and somatic retardation, because the destruction of the nervous 
parenchyma is irreversible.

During the perinatal period from 
the last trim ester of gestation till 
the 2nd or 3rd postnatal week, just 
as later, anoxia m ay be stagnant, 
respiratory, oligaemic and histo
toxic. In  perinatal age it induces 
encephaloclastic processes, thus it 
destroys the fundam entally devel
oped nervous system.

I t  is known from  experimental 
investigations [49] as well as from 
hum an pathological studies (56, 22, 
10, 14, 43, etc.) th a t the  developing 
nervous system with im m ature my
elin responds to injuries more vehe
mently, with more extensive de
structions, than  the m ature one. In  
other words, the less m ature the 
nervous system, the more vulnerable 
it is. Another property of the imma
ture nervous system is th a t trans- 
neuronal degeneration spreads in it 
much faster than in the  m ature brain 
(32.) W hen a nerve cell degenerates,

degeneration of the myelin sheath 
and of the axon ensue rapidly. During 
this period secondary ectodermal and 
mesodermal substitution is insuffi
cient, lagging behind the destructive 
process; this is true especially in the 
an tenatal period, sp th a t it  allows 
conclusions as to the tim e of onset 
and the intensity of the  injury. 
Moreover, in the foetal brain it is 
the cells of the periventricular m atrix 
th a t are destroyed in the first place 
[51]. Im m ediately before b irth  and 
especially during the postnatal period 
substitution is more effective, though 
the pattern  is far from being charac
teristic, the boundary is more vague 
when survival is longer. Thus, in the 
lack of da ta  concerning early  history 
it is usually difficult or even impossi
ble to determine the tim e of onset of 
the lesion. I t  is similarly difficult to 
elucidate the causes of anoxia in the 
absence of relevant evidence. In
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284 H . C s e r m e ly  : Perinatal Anoxic Changes

general, it  is claimed th a t  th e  cause of 
an ten a ta l anoxia should be sought in 
th e  placenta and um bilical cord, 
while th a t  of paranatal anoxia in the 
um bilical cord and the  genital tract.

D estruction and substitu tion  by 
them selves do not supply inform ation 
as to  the  cause of the disease, because 
th e  dram atic destruction o f the pre- 
n a ta l brain washes aw ay eventual

vation. In  the brain of an 18-months- 
old infant with L ittle’s disease (Fig.
1), the changes corresponded to a 
symm etric encephaloclastic poren
cephaly in the area supplied by the 
two cerebri media arteries. D estruc
tion of the originally developed m atter 
was proved by the absence of macro
phages storing fat a t the margin of the 
pores and of microgyria. I t  is un-

F ig . 1. Symmetrical encephaloclastic porencephaly in the area supplied by the cerebri 
media arteries. Little’s disease of 18 months duration. History unknown

clues, vascular obstructions and em
boli. Progressive and regressive glial 
p a tte rn s  and inflam m atory reactions 
m ay  be sluggish even in the last 
trim ester. I t  is a rare error to  confound 
the  cells of the perivascular m atrix 
w ith  inflammatory cells. Haemosi- 
derin  is only exceptionally detected 
in  th e  brain which has been damaged 
an tena ta lly  [48].

W hen there is no relevan t history 
available, it is often difficult to 
determ ine the time of onset and the 
cause of antenatal lesions, as it  is 
illu stra ted  by the following obser-

elear how the pores arise; throm bo
sis, embolism following foetal endo
carditis or placental arteriitis, and 
postnatally  a compression of the two 
cerebri media arteries m ay explain 
it. A t necropsy we could rule out 
foetal endocarditis but in the lack 
of a relevant history all th a t could be 
sta ted  was th a t the holes had arisen 
following a compression or occlusion 
of the two cerebri media arteries, 
although it is difficult to  conceive 
how their simultaneous and sym m et
ric thrombosis could have developed 
[16].
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On the other hand, when there are re
levant d a ta  in the history, i t  is easy to 
put forward a morphogenetic explana
tion. The following observation shows the 
vehement destruction of the  imm ature 
brain and  the absence of substitution.

sku ll.'T he  white m atter tu rned  into 
a multilocular sac (polycystic ce
rebrum ). In tac t nerve cells were 
present exclusively in the  hypotha
lamus. The nerve cells o f the  cortex 
were destroyed without exception.

F ig . 2. Intrauterine CO poisoning. The stratum zonale is resistant. Total désorganisation 
with pseudoeysts in the cortical-subcortical matter. Survival for about 3 months.

Paraffin — Nissl. X 50

A patien t aged 28 years attem pted  
suicide w ith illuminating gas in the 
7th m onth of her pregnancy. She 
recovered afte r a short period of 
unconsciousness and gave b irth  at 
full term  to a baby, which weighed 
1900 g and died of toxic enteritis 
a t the age of 1 month. The brain was 
fist-sized inside the fully developed

In  layers 2 through 5 and subcortical- 
ly, the structure was loosened micro- 
polycystically (Fig. 2). The stra tum  
zonale increased in diam eter and the 
astrocytes in it were proliferating. 
The cerebellum was intact.

To this date, 10 sim ilar obser
vations have been reported (for de
tails, see [4]).
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A n o x ic  Ch a n g e s  D u r in g  t h e  
P e r in a t a l  P e r io d

I t  has been widely accepted tha t 
cellular defects found in the  cortex 
of newborns were induced by  some 
m echanical action during delivery, 
such as a compression of the  extra
cerebral arteries, an increase of in tra 
cranial pressure, or following a ma
ternal collapse [28, 29]. The prenatal 
cell losses may be confirmed exclusive
ly when survival is short. S c h m id t  
[45] studied brains from  preterm 
and term  newborns, irrespective of 
the presence or absence of asphyxia 
in the  history. In  38% of 258 brains, 
selective parenchym al necrosis was 
dem onstrated, more frequently in 
prem ature  than  in m ature babies. 
V e i t h  [53] found selective paren
chym al necrosis in the  brain of 18% 
of still-born babies. His findings 
suggest th a t dysm aturity  ra ther than 
prem ature birth  was the factor re
sponsible for the selective parenchy
mal necrosis. Cell losses m ay be caused 
by  tem porary 0 2 deficiency, compres
sion o f the umbilical cord, placenta 
previa, infarction and  last bu t not 
least, by  changes in the  placenta.

T h e  e x p e r im e n ta l  in v e s tig a tio n s  
y ie ld e d  r e s u l ts  c o n f irm in g  th e  h y p o 
th e s e s  p u t  fo rw a rd  in  h u m a n  p a th o lo 
g y . M y e r s  e t  a l. [3 5 ]  r e p r o d u c e d  in  
t h e  b r a in  o f  fo e ta l  a n d  n e w b o rn  rh e su s  
m o n k e y s  ch a n g e s  w e ll-k n o w n  in  h u 
m a n  p a th o lo g y , s u c h  a s  p o ly c y s tic  
n e c ro s is ,  se le c tiv e  p a r e n c h y m a l  n e 
c ro s is ,  u le g y ria , e tc .  b y  in d u c in g  in 
c o m p le te  a b r u p t io n  o f  t h e  p la c e n ta

or anoxia for a few m inutes or for 
a longer period of time.

As to  postnatal injuries, during 
delivery respiratory and stagnan t 
anoxia m ay be expected to  occur. 
H istotoxic anoxia, due to drug tre a t
m ent o f the  mother, is rare. Apnoea, 
aspiration, protracted delivery, in
crease o f intracranial pressure are 
accom panied by anoxia. According 
to  W o h l w il l  [56], delivery is the 
m ost serious catastrophe the nervous 
system  is exposed to during life. 
This catastrophe is illustratively de
m onstrated  by the Slonimsky-Cunge 
benzidine test following asphyxia (Figs 
3a and  b) due to stagnant hypoxia. 
A consequence of stagnation is an 
increase o f intracranial pressure due 
to  concom itant oedema. Traum atic 
haem orrhages may also exert a vas
cular anoxogenic effect, in the  p a ra 
na ta l period in the first place: acute 
subdural haematoma and internal 
haem atocephalus are such changes. 
I t  has been mentioned th a t  an in 
crease o f intracranial pressure m ay 
compress the piai arteries (Fig. 4) 
[28, 43, 17]. I t  is easily conceivable 
th a t  during protracted delivery irre
versible, circumscribed lesions may 
be caused by. the compression of a 
few exposed piai blood vessels [38].

W e shall not deal with the m echani
cal injuries during delivery, haem or
rhages, tentorial rupture. They were 
described in detail by S c h w a r t z  
[46, 47].

In  the  acute, subacute and chronic 
stages o f perinatal anoxia, the p a t
tern  o f changes in the brain depends 
upon 3 factors, viz.
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F ig . 3/a. Slominsky-Cunge method. Cere
bral cortex of a newborn with algid as
phyxia. Stagnation pat tern of blood distribu
tion. Post-mortem study 2 hours after 

death. X 14

F ig . 3/b. Normal vasoarchiteetonic pat
tern. Newborn brain cortex X 14

F ig . 4. Part of opercular cortex. Nerve cells lacking in strata 3 to 6. Eleven days after 
birth, acute internal haematocephaly, intracranial compression. Celloidin—Nissl. X 14
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in tensity  of hypoxia, 
du ration  of exposure, 
surv ival time.
( a )  In  the case of acute hypoxia, 

the  specific ischaemic cell forms ap
pear also in newborns, b u t the  nerve 
cells are so closely packed in the 
cortex  th a t  the single cell forms 
cannot be detected. In  neonatal age 
a  reliable sign of anoxia is a focal

shaped, the nucleus and the  cyto
plasm are strongly basophilic, con
fluent. N i s s l  term ed this pattern  
cell sclerosis, chronic cell degenera
tion. The picture may be reproduced 
experim entally by inducing acute 
anoxia [25]. The contradictory opin
ions concerning these cells have been 
reviewed in detail by H a g e r  [21]. 
Several authors claim them  to be

F i g . 5. H yperch rom ie , p y cn o m o rp h o u s  n e rv e  cells in  s t ra tu m  5 o f  th e  f ro n ta l  co rtex . 
D y sm a tu re  new born  w ith  hy p o g ly caem ia . X 160

or lam inar cell loss, followed a few 
days later by the onset of ecto- 
m esodermal substitution: prolifer
a tion  of the vascular wall and of the 
glia. I t  is a t about 10 days th a t 
decomposed lipids and macroglial 
fibre formation can be detected.

Exceptionally, in the  perinatal 
period even a survival of hypoxia 
for a few hours m ay induce the so- 
called hyperchromie, pycnomorphous 
cell, or the dark neurone, demon
strab le  by Nissl’s technique (Fig. 5). 
The cells are elongated, pyramid-

artifacts, but more th ink  them  to be 
in trav ita l changes. According to  C o l - 
m a n t  [9] both origins are conceivable. 
K örüstyey [26], on the o ther hand, 
claims th a t they constitute an early 
specific change following some anoxic 
incident. U ltrastructural studies, too, 
have confirmed the assum ption tha t 
the  increased basophilia is a result of 
w ater loss.

Fig. 5 shows a newborn boy, deliv
ered by Caesarean section, weighing 
3700 g. The newborn showed signs 
of dysm aturity, the m other had
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r h e u m a t ic  c a rd it is .  T h re e  d a y s  a f t e r  
b i r t h  th e  b a b y  w a s  c y a n o se d  a n d  h a d  
o n ly  tr a c e s  o f  b lo o d  su g a r, a n d  in  
s p i t e  o f  a d e q u a te  m e asu res  d ie d  
a  few  h o u rs  la te r .  P o s t-m o r te m  e x a m 
in a t io n  sh o w e d  h y p o p la s ia  o f  th e  
a o r t a  a n d  o f  th e  le f t  v e n tr ic le .

T h e  e x tre m e  d e s tru c t io n  o f  t h e  
n e rv o u s  s y s te m  b y  a c u te  a n o x ia  is 
d e m o n s tr a te d  b y  th e  fo llow ing  o b 
s e rv a t io n .

mesencephalon, pons and medulla showed 
similar changes. Mesenchymal substitu
tion was marked (Fig. 6), but there was 
hardly any glial proliferation. The cere
bellum was intact. In the white matter 
there was oedematous dissociation. Sudan 
staining revealed traces of fat in a few 
macrophages only. Myelin sheath staining 
and axon impregnation disclosed only 
exceptionally some single degenerated 
myelin sheaths or broken axons.

Thus, an extensive and severe destruc
tion of ectodermal elements and simul-

Fig. 6. Part of parietal cortex of a newborn kept alive for 8 days after pallid asphyxia. 
Mesenchymal proliferation at the site of destroyed nerve cells in strata 2 to 6.

Celloidin—Nissl. X 18

P. L., was born at term with livid 
asphyxia. Spontaneous respiration and 
crying started after 30 minutes resuscita
tion. The umbilical cord was only 20 cm 
long. Twenty-four hours later hyperpyrexia 
developed, the pulse could not be counted. 
Respiratory rate was 96 per minute, tonic 
convulsions appeared in the upper extrem
ities. Gradually the infant became sopo
rous and died on the 8th day. At autopsy, 
swelling of the brain, flattened gyri, and 
subarachnoidal suffusions were found.

Microscopically, there was a total cell 
loss from the frontal to the occipital pole. 
The basal ganglia, Ammon’s horn, the

taneous mesenchymal proliferation were 
demonstrated. Ultimately, the pattern is 
that of an infarction extending to the 
entire cerebrum. Similar changes have 
been attributed to thrombosis of the deep 
venous system [31].

The clinical data suggested that the 
destruction dated back to 8 days, but the 
histopathologic changes justified the as
sumption that the anoxic insult had taken 
place prenatally, eventually as a result 
of an early detachment of the placenta, 
explained by the shortness of the umbilical 
cord. Even so, the process could not have 
been longer than 9 to 10 days in duration.
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F oetal and neonatal tolerance to 
O g deficiency is a controversial prob
lem. The pertaining experimental 
results and hum an observations are 
a t variance. The former would sug
gest th a t  the foetal nervous system 
tolerates hypoxia much better than  
the m ature one [35]. I t  is unlikely, 
however, th a t these experimental 
results should be valid without rest
rictions for the hum an foetus. There 
are nam ely observations indicating 
th a t while the m other and foetus 
are exposed to the same noxa for 
example, CO poisoning during preg
nancy  - the m other may fully recov
er and  the foetal brain may be 
destroyed. A t the same time, it has 
been known for thousand years th a t 
a live offspring m ay be taken out from 
a dead  mother.

I t  is known from  B a r c r o f t ’s 
investigations [5] th a t  the partial 
pressure of 0 2 in the cord vein is 
low, corresponding to  th a t measured 
a t abou t 10000 metres (Everest in 
utero). The 0 2 tension of the adult is 90 
mm Hg, while during the  last t r i 
m ester th a t of the  foetus is 26 to 
30 mm Hg. In  the adult the arterial 
blood contains 19 vol per 100 ml of 
oxygen, as compared to 10 vol per 
100 m l in the umbilical vein of the 
m ature  foetus [55]. This does not, 
however, mean th a t the foetus is 
exposed to hypoxia, because th a t 
am ount of О 2 suffices for its m etab
olism, because, among others, the 
red blood cell count may be as high 
as 6 million. In  CO poisoning, depend
ing on the am ount of CO haemoglo
bin, the  О 2 tension and content fall

below the  critical value sooner than  
in the mother, because there is less 
excess 0 2. 0 2 saturation of blood 
decreases in the same way. This tim e 
again the  duration of exposure to  CO 
is of prim ary importance. I f  we add 
to  this the  increased vulnerability of 
the  foetal nervous system and last b u t 
no t least the increased 0 2 dem and in 
the last trimester, this mechanism 
m ay explain the reversibility of the 
changes in the m aternal nervous 
system  and the irreversibility of 
the damage to the foetal nervous 
system. The permeability of foetal 
blood vessels plays hardly any role, 
because we have been unable to  find 
evidence indicating th a t the CO 
haemoglobin contained in foetal blood 
would exceed th a t found in the 
m other’s blood. Anaerobic glycolysis 
plays no major role, either, because 
it  is only for a short tim e th a t it  m ay 
replace a 10% 0 2 deficit, while it  
m ay suffice when Caesarean section 
is performed on the dead mother.

Thus, we believe th a t P e i f f e r ’s 
view [39] is well-founded: during the 
second half of gestation till b irth  the  
foetus tolerates 0 2 deficiency less and  
less. In  neonatal age the ra te  of 
m etabolic processes decreases, so th a t 
a hypoxia is tolerated better and this 
tolerance is the newborn’s adaptation  
w ith the  gradual development of 
pulm onary respiration. Those de
scribed above may explain the higher 
risk in prem ature and dysm ature 
neonates. In  prem atures the risk is 
increased by the im m aturity  of the 
lungs, in cases of overdue b irth  by the 
fibrosis of the capillary system of the
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villi, due to  te  decreased 0 2 tension 
of venous cord blood. Therefore, 
paranatal cerebral injury due to 
anoxia, traum a or haemorrhage will 
carry a very poor prognosis. As to the 
cerebral complications following Cae
sarean delivery, P h i l i p p  [4 1 ]  is right 
in stating th a t it is not the operation 
th a t causes the complications bu t is 
the complications th a t justify the 
operation. I t  should therefore be 
performed when there are early 
symptoms preceding the compli
cations.

(b)  The subacute stage of perinatal 
cerebral anoxia is usually postnatal 
and it mostly appears in the brain of 
asphyxie newborns difficult to keep 
alive. In  the place of the nerve cells 
which had been destroyed by the 
hypoxia, there are the early signs of 
glial-adventitial scar formation and 
of a decomposition of neutral fat. 
The fa t had not ye t passed in the 
perivascular spaces, it  is found in the 
place of parenchym al necrosis in 
microglial cells and macrophages. 
When necrosis occurs in small foci 
the hardly pepper-sized intractions 
may be visible to  the naked eye. 
Later, ulegyria develops a t those 
sites. In  the case of to ta l necrosis, 
the nerve cell or eventually glial 
destruction extends to  every layer of 
the cortex, reparation lagging be
hind destruction. I t  is a t this time 
th a t we see the early signs of the 
development of cortical cysts. Even 
in the case of to ta l cortical anoxia 
the stra tum  zonale is usually resistant 
to  necrosis, which m ay be explained 
by its structure, its 0 2 demand being

much lower than  th a t of the  other 
cortical layers.

V. J., 1-month-old, was born with 3700 g 
following protracted delivery in algid as
phyxia and was difficult to resuscitate. 
Sucking and swallowing reflexes were 
extremely weak. Artificial feeding had to 
be instituted. Eclamptic seizures appeared 
2 days after birth. Following frequent 
episodes of vomiting, diarrhoea and grad
ual atrophy, the infant died at the age 
of four weeks.

At necropsy, papillary necrosis of the 
kidneys was found. After fixation the 
brain weighed 415 g, it was not smaller 
than usual and presented no changes 
visible to the naked eye. Microscopic study 
revealed a marked dissolution of the archi
tecture deep in the sulci because the nerve 
cells had been replaced hy glial foci in 
strata 3 and 5 (Fig. 7) in the frontal, 
temporal and parietal lobes. The occi
pital lobes, basal ganglia, pons and cere
bellum were intact. Sudan staining re
vealed cells storing fat evenly distributed 
in the destroyed cortex and the subcortical 
white matter, without perivascular accu
mulation. Fat accumulation was the most 
marked in the areas of cell loss. Cajal’s 
gold sublimate method revealed a proli
feration of astrocytes in the areas of selec
tive parenchymal necrosis. Axon and mye
lin sheath stainings failed to disclose such 
changes; the latter may be explained by 
the immaturity of myelin.

This case has once again confirmed 
the view th a t  histopathological s tu d 
ies m ust be done even in the  ab
sence o f gross anatomical changes.

(c)  The chronic form of perinatal 
anoxia exhibits progressive fa tty  de
generation and regressive scarring. 
Depending on the intensity and du ra 
tion of anoxia, extensive cortical 
areas m ay be devoid of nerve cells 
(Fig. 8). The destroyed nerve cells
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F i g . 7. Wall of parietal sulcus from an infant who survived pallid asphyxia for 1 month. 
Groups of residual nerve cells in strata 2 to (’>. Glial proliferation at site of destroyed

cells. Celloidin — Nissl x 50

F i g . 8. Two-months-old infant. Total disorganisation of architectonics deep in the insular 
sulcus. Glial-mesenchymal substitution. The oligocellular strip at the cortico-medullary 

boundary is sudanophilic debris. Cerebral birth injury. Celloidin—Nissl. X 28

are replaced by glial scars. The cortico- 
m edullary junction is hardly discer
nible. In  general, the gravest nerve 
cell destruction is found deep in the 
sulci. W hen the microcystic structure 
develops, it presents with pseudocysts 
hard ly  filling a visual field, th a t 
merge, become rounded and contain

intralum inar masses of fa t cells. 
The wall of the cyst is a dense glial 
fibrous barrier. In  such cases the 
anoxic insult affects no t only the 
nerve cells, bu t also the intercellular 
w hite m atter. When the brain is exam 
ined after months or even years, 
we m ay be able to follow up the
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degeneration of the myelin sheaths tial diagnosis, because changes simi-
and axons of the destroyed nerve lar to those described above may
cells, which lends a progressive char- occur in parasitic or viral diseases,
acter to  the disease. The compound for example in the chronic stage of
granular cells along the degenerated toxoplasmic encephalitis and cere-
myelin enter the perivascular spaces, bral cytomegaly.
whence they may migrate into the The cortieo-medullary disorgani- 
subarachnoid space or the cerebro- sation, when it has lasted several
spinal fluid. Sometimes minute gran- months or a few years, m ay exhibit

Fio. 9. Mesenchymal substitution in cortex on the convexity of a gyrus. Postnatal 
cerebral lesion of 2 months duration. Paraffin Gomori’s impregnation, x  14

ulom ata containing cholesterol crys
tals and foreign body giant cells 
may also be visible, together with 
large amounts of biréfringent crys
tals. Gomori’s silver impregnation 
demonstrates a t the site of désorgani
sation the fine fibrous adventitial 
netw ork (Fig. 9). Thus, the charac
teristic features of chronic perinatal 
anoxia are a neutral fa tty  disorgani
sation and glial-mesodermal restitu 
tion a t the site of the destroyed nerv
ous parenchyma, furtherm ore the 
absence of inflam m atory reactions. 
The la tter is im portant in differen-

ecto-mesodermal tissue substitu tion  
and cysts in the place of the gradually 
absorbed neutral fat: it is in this way 
th a t the well-known pa tte rn  of poly
cystic brain develops (e.^.[13]). The 
brain m ay be reduced to one-third 
or one-fourth of its original size, the 
gyri are narrowed and the sulci are 
broad (Fig. 10). Its  clinical manifes
tation is idiocy with cerebral palsy. 
In  adult age such a severe phthisis 
of the brain is incom patible with 
life. The cells of the mesencephalon and 
hypothalam us are much more resis
ta n t to hypoxia, therefore they survive.
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In  the acute and subacute stages 
there are no changes in the vascular 
wall. They occur only when the 
duration of the disease is long. We 
then  see in the piai blood vessels a 
subintim ai proliferation, consider
ably narrowing the  lumen. This

m ay be explained by hyalin mem
brane, in terstitial plasmocytic pneu
monitis, bronchopneumonia, i.e. by 
dyspnoea associated with respiratory 
distress.

In  the  neonatal period, hyalin 
m em brane pneumonia and hypogly-

F i g . 10. Idiocy in 15-month-old infant. Forceps delivery, epileptic state since birth. 
Polycystic destruction in parietal lobes. The two temporal lobes are intact. Celloidin —

Nissl disk at chiasmatic level.

change seems to be a secondary one: 
the  lumen is narrowed because the 
loss of brain m atte r is associated 
w ith a decrease of blood flow.

H y p o x i a  i n  t h e  P o s t n a t a l  P e r io d

The hypoxic changes occurring in 
the  postnatal period are degenerative 
in nature, corresponding to ence
phalopathy or encephalomalacia. The 
cerebral changes are caused by res
p ira to ry  and/or stagnan t anoxia. The 
la tte r  is a consequence of the hae
m odynam ic imbalance. The former

caemia are the characteristic hypox
ic complications. Hyalin membrane 
pneum onia leads to a pure respiratory 
anoxia, causing discrete lesions only 
owing to  short duration. Purkinje’s 
cells m ay be lost, or eventually there 
m ay be selective parenchymal necro
sis [44, 53]. The persisting cerebral 
injuries in the  babies of diabetic 
m others are due to  hypoglycaemia
[3].

The injury caused to the nervous 
system  by  tonic-clonic convulsions 
(eclampsia, epilepsy, “F ieberkram pf” ) 
is again widely discussed these days.
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Investigations [50, 39, 15, etc.] have 
shown th a t especially in the im m ature 
nervous system the convulsive states 
m ay give rise to  selective parenchy
mal necrosis, followed by  glial scar
ring. Repeated convulsions may in
crease the number of cells lost and 
gradually persisting neuropsychiat
rie symptoms may develop. The 
conclusion th a t the anatom ic changes 
are a consequence and no t the  cause 
of the  disease has been generally 
accepted [37, 30, etc.], so th a t  the 
problem  seems to be settled. P e t e r s  
[40] claims outright th a t  it  cannot 
be questioned. On the o ther hand, 
Y e i t h  [54] made observations on a 
large m aterial and claims, relying 
partly  upon the investigations of 
S c h m id t  [45], th a t the  selective 
parenchym al necrosis is no t a con
sequence, but the cause of epilepsy, 
because he dem onstrated it  in the 
brain of infants who had no convul
sions. (“Es ist nicht erwiesen, daß se
lektive Parenchymanekrosen K ram pf
folgen sind” : it has not been proved 
th a t selective parenchymal necrosis 
is due to  convulsions.) V e i t h  [54] 
explaines the development of necrosis 
or scars by prenatal and postnatal 
hypoxia due to disorders of the pla
centa and umbilical cord, etc.

The brain of chronic epileptics is 
less suitable for study in th is respect. 
A fter acute epileptic states, acute 
febrile infantile convulsions [15] or 
therapeutic convulsive treatm ents 
causing death, ischaemic nerve cells 
could be demonstrated proving the 
role of anoxia. Further hum an evi
dence is for example the focal or lami

nar necrosis demonstrable afte r fatal 
eclampsia of pregnancy [26], as well 
as the fact th a t  in two cases of eclamp
sia of pregnancy without convulsions 
no specific cellular changes were 
found [7].

The pathogenetic explanation of 
hypoxia connected with convulsions 
is not uniform. A critical fall of blood 
pressure, vascular spasm due to 
smooth muscle contractions, apnea, 
increased 0 2 demand, acidosis, one 
by one or combined, m ay all cause 
anoxia. The problem is further compli
cated by the fact th a t the hypoxia- 
induced antenatal and postnatal ce- 
rebrocortical scar tissue m ay cause 
eclamptic convulsions. The seizures 
may then give rise to fu rther scarring. 
Experim ental results as well as the 
clinical experience th a t  protracted 
eclampsia and epilepsy m ay be asso
ciated w ith dem entia are merely men
tioned here. As it  is alm ost im
possible to make a thorough study 
of the cerebral cortex by  serial 
sections, a negative finding cannot 
be relied upon.

Finally, it  should be m entioned th a t 
EEG studies [19] recorded perm anent 
cortical changes following an epi
leptic state.

From our own investigations and 
from d a ta  in the literature it  may 
be concluded th a t recurrent tonic- 
clonic convulsions, bu t especially an 
epileptic sta te  may cause anoxic 
cell losses much more easily in the 
imm ature than  in the m ature brain. 
Our pathogenetic explanation is th a t 
particularly in the im m ature brain the 
cell losses are due to  an increase of
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in tracran ia l pressure caused by  the 
oedem a accompanying th e  convul
sions.

In  the  past decade, “hypsarrhyth- 
m ia” has become a key word in con
junction  with postnatal encephalo
path ies accompanied by convulsions. 
To th is  concept belongs th e  infantile

thies, or even inflam m atory proces
ses, etc. The morphological aspect of 
the syndrome has been dealt with by 
J e l l in g e r  [24].

In  the  entities discussed so far 
anoxic aetiology could be demon
stra ted  with more or less certainty, 
or could reasonably be suspected.

F ig . 11. Part of occipital convexity. Sudan staining. Breakdown of neutral fat in the 
area of cortical destruction. Infant aged 1 year, progressive hypsarrhythmia since birth. 

Postnatal encephalodystrophy. X 24

epilepsy showing characteristic EEG 
changes (Eig. 11). In  a num ber of post
m ortem  studies destructive perinatal 
a n d  postnatal anoxic changes have 
been described. However, hypsarrhy th
m ia  has no pathological equivalent, 
because characteristic E E G  patterns 
m ay  be produced not only by  destruc
tiv e  changes, bu t also by  tuberous 
sclerosis, malformations, enzymopa-

B ut the im m ature nervous system 
has also a postnatal dystrophy of 
unknown aetiology, nam ed after Al- 
p e r s  [1], who was the first to de
scribe i t  under the name of diffuse 
progressive degeneration of the gray 
m atter of the cerebrum or progres
sive cerebral degeneration of infancy. 
In  the early stage the disease cannot 
be diagnosed histologically, as the
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changes may resemble those follow
ing perinatal anoxia. Some authors 
[10, 12, 36] therefore do not consider 
it  an independent prim ary dystrophy, 
bu t a ttribu te  it to  anoxia not de
monstrable or not detected a t birth. 
The diagnosis may be facilitated by 
the data  concerning its familial 
occurrence [6, 52).

Alpers’ disease appears after a few 
weeks or months of apparently  normal 
growth. There is no evidence of pre
vious anoxia, the spongious disorga
nisation is selectively cortical, en- 
cephalomalacia and cyst formation 
are absent, the changes are symmet- 
rycal, degenerative and progressive. 
Like L ittle’s disease, it is accompanied 
by  mental and somatic retardation. 
U nder given conditions it may be 
m istaken for subacute perinatal an
oxia, bu t not for chronic anoxia 
which is followed by cortical — sub
cortical — medullary micropolycystic 
sclerosis. Familial incidence supports 
the claim that Alpers’ disease is a noso
logical entity, bu t histopathologically 
it  fits into the group of anoxic le
sions [6, 5, 2].

* * *

During life the nervous system is 
exposed to the greatest danger in the 
perinatal period. Complications of 
placental, m aternal and neonatal ori
gin m ay arise, which m ay lead to 
hypoxia, one by one or combined. 
The cell losses caused by  hypoxia 
decim ate the nervous parenchyma, 
consequently they are accompanied by 
m ental and somatic retardation. The 
final result is an idiocy with cerebral

palsy. There are no therapeutic m eth
ods to  cure the hypoxia-induced 
changes of the brain, because the 
central nervous system  does not 
regenerate. Prevention is the  only 
way toward success. The preventive 
measure should extend to  the placen
tal, m aternal and perinatal complica
tions and, last bu t not least, to  the 
prevention of preterm  delivery, be
cause the developing nervous system 
is more vulnerable than  the  m ature 
one.
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