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The crossed extension reflex is one 
of the representative reflexes of the 
so-called spinal autom atism . Accord
ing to the general view, it  can be 
elicited in adults exclusively under 
pathological conditions, notably in 
the presence of a more or less com
plete spinal transversal lesi on. We have 
found th a t by means of a technique 
employed earlier only in animal exper
im ents the reflex could be elicited in 
prem ature infants under physiological 
conditions [4]. The reflex is elicited 
in the following way. Pressure is exert
ed on the point where the femoral 
nerve leaves the inguinal canal; in 
response, the contralateral leg is extend
ed in the hip and knee joints. How
ever, the foot and toes are not plan- 
tarflected, as would correspond to the 
physiological properties of the exten
sion reflex, but dorsiflected. Electro
m yography has shown th a t during the 
elicitation of the reflex the extensors 
and flexors of the limb co-contract,
i. e. w hat we deal w ith is the appear
ance of two reflexes a t the same 
time, called by us a “ co-reflex phe
nomenon” .

F urther studies have revealed this 
reflex to disappear in the first year of

life, after going through various 
phases of regression.

Subsequently, we studied the reflex 
in prem ature infants under patholog
ical conditions and found th a t  in 
some cases i t  could not be elicited. We, 
then, tried  to clarify the cause of this 
absence of the reflex, and analysed the 
material' collected in the course of one 
year so th a t every case, in which a t 
tem pts had been made to elicit the 
reflex and which was autopsied later 
for some other reason, was included in 
the study, irrespective of the fact 
whether or not the reflex could be 
elicited.

These cases were divided into two 
groups, one in whose members the 
crossed inguinal extension reflex could 
be elicited, and a second group where 
it  was lacking. The clinical d a ta  for 
the patients of the la tte r group 
showed th a t  during the period of obser
vation more or less severe episodes of 
asphyxia had occurred, while such 
conditions had not been observed in 
the patients in whom it was possible 
to elicit the reflex. (The whole question 
will be dealt with in a separate paper 
after the autopsy material will have 
been studied in detail.)
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Clinical observations have indicated 
th a t in the causing of the above m en
tioned absence of the crossed inguinal 
extension reflex, cerebral hypoxia may 
play an im portant role. In  two cases 
the question has been approached by 
electroencephalography and detailed 
post-m ortem  exam ination. The pre
sent paper intends to  present a report 
on these two cases.

Case  R eports

Case 1. K . I . ,  a  fem ale  p re m a tu re  in 
fa n t ,  w as  b o rn  J u n e  16, a n d  d ied  J u ly  1, 
1960. A t b ir th  she w eighed  1000 g, she 
w as cy an o sed , a s p h y x ia  cou ld  be re lieved  
o n ly  b y  c o n tin u o u s  0 2-ad m in is tra tio n . 
R e g u la r  feed in g  w as un feasib le , p la sm a  
in fu sions w ere g iven. C re p ita tio n  could  be 
h e a rd  o v e r th e  p u lm o n a ry  bases. T he in 
f a n t  w as  m oan ing , g asp ing  a n d  show ed 
d iv e rg e n t ocu la r m o v em en ts . She gained  
no  w e ig h t t i l l  J u n e  24, b ecam e m arasm ic , 
v o m ite d  yellow ish  f lu id , th e  stoo ls w ere 
o ffensive.

J u n e  21. T he  crossed  in g u in a l e x te n 
sio n  re f lex  cou ld  n o t be  e lic ited  from  e ith e r  
side. O n e lic iting  th e  flex io n  re flex  a  slight
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F i g . 1. C ase 1. E E G . E x tre m e ly  low  vo ltag e  
c e re b ra l e lec tric  a c tiv ity ,  so-called  “ elec tric  

s ilence”
Abbreviations : R  =  R ig h t, L  =  L eft,
F  =  F ro n ta l ,  T  =  T em p o ra l, C =  C en tra l, 
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d o rs iflex io n  o f th e  fee t re su lted . E E G  : 
e x tre m e ly  low vo ltage, m o s tly  “ e lec tric  
s ilence”  in  a ll leads (Fig. 1), w ith  b u rs ts  o f  
h ig h  a m p litu d e  4/s w aves.

J u ly  1. A  sudden  a t ta c k  o f a p n o e a  
d ev e lo p ed  a n d  th e  p a tie n t d ied  in  sp ite  of 
a t te m p ts  a t  pharm aco log ica l a n d  m e c h a n i
c a l re su sc ita tio n .

Gross and Microscopic Anatomy. T he  
b ra in  w as underdeveloped , th e  cereb ra l 
c o r te x  rev ea led  cy to log ical p a t te rn s  a n d  
cy to a rc h ite c to n ie s  of th e  p re n a ta l  period . 
I n  th e  m a tric e s  a round  th e  la te ra l  v en tric les  
d is te n d e d  veins filled w ith  b lood  a n d  e x 
te n s iv e  v en o u s haem orrhages w e r e  visib le . 
T h e re  w as fresh  blood in  th e  c e reb ra l v e n 
tr ic le s  a n d  in  th e  su b a rach n o id a l spaces. 
A ro u n d  th e  cerebellum  re m n a n ts  o f old 
h aem o rrh ag es  w ere in te rm in g led  w ith  fresh  
b lood . T h e  cereb ra l co rtex  a n d  w h ite  m a t 
t e r  w ere  p a le , a n d  p e riv a scu la r o edem a w as 
p re s e n t in  severa l areas.

A m ong  th e  b a sa l nuclei on ly  th e  p e r i
v e n tr ic u la r , c ircu la r a n d  c e n tra l  m ed ian  
n u c le i o f th e  th a lam u s could  b e  recognized  
a s  in d e p e n d e n t cell groups. I n  th e  o th e r  
n uc le i o f  th e  th a lam u s , th e  e n tire  h y p o 
th a la m u s , th e  globus p a llid u s  a n d  th e  
p u ta m e n  th e  nerve  cells w ere lack ing . T he 
u p p e r  p o r tio n  o f th e  m ed u lla  (a t th e  level 
o f th e  fa c ia l nucleus) w as consp icuously  
p a le . In  th e  low er p o rtio n  th e re  w ere h a rd ly  
s ta in in g  nerve  cells w ith  sw ollen nuclei. 
(F ig . 2). T he  glia l nuclei s ta in e d  well.

I n  th e  cerebellum  P u rk in je ’s la y e r  
d isa p p e a re d , th e  in te rn a l s t r a tu m  g ran u - 
lo su m  w as rarefied . T he em bryon ic  e x te r 
n a l  s t r a tu m  granu losum  seem ed to  be  
in ta c t  in  som e areas, d am ag ed  in  o th e rs  
(F ig . 3). Ischaem ic  hom ogen ized  n e rv e  
cells w ere  seen in  th e  in fe rio r o liv a ry  
nuc leu s , a n d  a t  sites in  th e  cerebellum .

Case 2. B. Zs., a  fem ale  p re m a tu re  in 
fa n t ,  w as b o rn  Ju n e  18, a n d  d ied  J u n e  21, 
1960. She w as delivered  b y  B ra x to n —  
H ic k s ’ v ers ion  because of p la c e n ta  p rev ia , 
w ith  a  w eigh t o f 1280 g. T he  low er e x tre 
m itie s  show ed stock ing like  h aem o rrh ag es. 
S he  w as m oan ing , jau n d iced , a t ta c k s  of 
a s p h y x ia  cam e an d  w ent. T he  h e a r t  sounds
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F i g . 2. Case 1. M edulla  o b lo n g a ta . T he 
n e rv e  cells s ta in  w eak ly , th e  g lia  cells ta k e  

th e  s ta in  well. T o lu id ine  b lu e . 10 X 10

w ere w eak  b u t c lea r. T h ere  w ere ton ic  
convu lsions in  th e  ex trem itie s .

J u n e  20. T he crossed  in g u in a l ex ten s io n  
re flex  w as ab sen t on b o th  sides, th e  flex ion  
re flex  cou ld  be e lic ited  o n  b o th  sides. 
E E G : “ elec tric  silence” w ith  b u rs ts  o f  slow 
w aves o f high am p litu d e  (200 fiV  an d  m ore) 
a n d  4/s frequency  (F ig. 4).

J u n e  21. O n lu m b a r p u n c tu re  ce reb ro 
sp in a l f lu id  co n ta in in g  b lood  w as o b ta in ed . 
T he  co n d itio n  of th e  p a t ie n t  d e te r io ra te d  
a n d  she  d ied  in  sp ite  o f m a n y  e ffo rts  of 
re su sc ita tio n .

F ig . 3. Case 1. C erebellar h em isp h ere . E lec
t iv e  p a  renchyn jp l necrosis w ith  severe  d a m 
age  to  th e  e x te rn a l s t r a tu m  g ran u lo su m . 

T olu id ine b lue . 10 X 10

Gross and Microscopic Anatomy. The 
b ra in  w as p r im itiv e ly  dev e lo p ed . T here  
w ere m ass iv e  h a e m o rrh a g e s  in  th e  lepto- 
m eninges a n d  c e re b ra l v en tr ic le s . T h e  m a t
rices a ro u n d  th e  la te ra l v en tr ic le s  were 
th ic k  a n d  c o n ta in e d  c lo tte d  b lood . In  th e  
te rm in a l ve in  a  th ro m b u s  o f lam e lla r  a r ra n 
gem en t w as found .

M ost o f th e  ce reb ra l co rtex  s ta in e d  pale, 
a n d  w as ra re fied . T he  c y to a rc h ite c tu re  of 
th e  cereb ra l co rte x  w as v e ry  p oo r, com 
pared  w ith  t h a t  o f Case 1. O n ly  th e  nucleus 
b u t n o t th e  cy to p la sm  o f th e  n e rv e  cells 
took  th e  s ta in .

F i g . 4. C ase 2. L ow  vo ltag e  c e reb ra l a c tiv 
ity  w ith  b u rs ts  o f  h ig h  a m p litu d e  slow 

w aves o f  4/s freq u en cy  
A b b rev ia tio n s  a s  in  F ig . 1.

T he n e rv e  cells o f th e  b ra in  s tem  s ta in ed  
fa in tly , b u t  th e  n u c lea r g ro u p s  could  be 
recognized c lea rly . T he  in fe rio r o livary  
nucleus w as p a le , i ts  la te ra l  c u rv a tu re  w as 
v ery  fa in t. T he  e x te rn a l s t r a tu m  g ran u lo 
sum  of th e  cereb e llu m  w as th ic k  and  
s ta in ed  well, th e  m o lecu la r la y e r  w as low 
an d  co n ta in ed  m a n y  m icrog lia l cells. 
P u rk in je ’s la y e r  w as pa le  a n d  loose a t  th e  
basis o f som e lam ellae. I n  one o f th e  cere
b e lla r h em ispheres  th e  in te rn a l s tra tu m  
g ranu lo sum  w as m ark ed ly  ra re fied .

P a th o g n o m o n ic  changes of th e  nerve  
cells w ere n o t fo und .
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D is c u s s io n

The evidence obtained in  animal 
[1, 12, 15] and human [2, 3 ,12] exper
im ents, as well as in hum an patholog
ical cases [19] indicates unequivo
cally th a t  cerebral hypoxia soon pro
duces changes in the EEG . In  comp
lete oxygen lack a to ta l absence of 
electrical activity is noted sim ultane
ously in  all of the cerebral regions 
w ith in  20 seconds, and in  the  medulla 
and  cerebellum in 30 to  90 seconds [5]. 
This “ electric silence” is no t, however, 
the  f ir s t  symptom of hypoxia. Preced
ing its  appearance various changes 
occur in  the EEG tracings; frequency 
and  am plitude may increase [5], fre
quency decrease and high-am plitude 
d e lta  waves appear [3, 15], and/or 
synchronization may be no ted  [15, 
16]. As a rule, the appearance of delta 
waves, and especially the  “ electric 
silence” , are associated w ith  a more 
or less severe im pairm ent of con
sciousness.

As th e  Figures indicate, in  our cases 
the  s ta te  of “electric silence”  alterna
ted  w ith  the synchronization of high- 
am p litude  waves (4/sec). The question 
m ay  b e  raised how the lasting  state 
of “ electric silence” indicative of a 
g rave  disturbance of cortical function 
w as compatible with life, since one of 
th e  patien ts (Case 2) died about 12 
hours after the EEG exam ination, while 
th e  o ther (Case 1) several days later. 
In  th is  connexion let us m ention  tha t

(i) the  brain of the new born baby, 
and  especially th a t of the prem ature 
in fan t, is remarkably insusceptible to 
oxygen lack [8, 9];

(ii) according to animal experiments 
w ith EEG  control, the caudal part of 
the brain stem [5], especially the retic
ular form ation [14], i. e. the m ost 
im portan t autonomic centres, are con
spicuously resistant to  hypoxia;

(iii) it  has been observed '[19] tha t 
in m an a sta te  of “ electric silence” of 
the cortex and thalam us m ay persist 
as long as 24 hours w ith artificial res
piration and  normal heart activity.

The effect of oxygen lack upon spi
nal reflexes is well-known. The prob
lem has been surveyed in  detail by 
Kirstein [11].

Still, i t  was a rem arkable phenome
non in  the  two present patients, and 
indeed in  the  whole m aterial under 
analysis w ith the exception of just 
one or two of the severest cases, th a t 
the absence of the crossed inguinal 
extension reflex was associated with 
a to ta l or partial elicitability of the 
flexion reflex.

The phenomenon is explained by 
the anim al experiments of van Harre- 
veld and Tyler [7] who studied the 
flexion and crossed extension reflexes 
following cord asphyxiation. They ob
served considerable reflex activity as 
late as 5 days after 90 minutes of 
asphyxiation; there was no crossed 
extension reflex bu t the flexion reflex 
could be elicited in all the animal.

In  another series of experiments [6] 
the m ultisynaptic flexion reflex was 
more severely damaged by cord asphyx
iation th an  the m onosynaptic myo- 
tatic  reflexes were. According to van 
Harreveld [6] the presence of inter - 
nuncial neurons in the reflex arcs of 
the flexion reflex, and a greater sen
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sitivity of the intermmcial neurons to 
asphyxiation would explain why this 
reflex was more vulnerable. The long 
chain of neurons the impulse has to 
pass m ay be responsible for the ease 
with which the crossed extension is 
abolished by asphyxiation, since this 
heterolateral reflex has probably more 
than  one internuncial neuron in its 
arc.

As regards the morphological 
changesinthe central nervous system of 
the two patients, the two brains were 
similar concerning their stage of devel
opment and the presence of fresh 
subarachnoidal and intraventricular 
haemorrhages. There were, however, 
significant differences between them 
in the severity and localization of the 
damage. The lesions in Case 1 were 
more severe than  in Case 2, and they 
affected predom inantly the basal gan
glia and the lower part of the medulla. 
The cerebral hemispheres were rela
tively preserved. In  Case 2 rarefaction 
of the cerebral cortex was severe, but 
the nerve cells of the basal nuclei and 
brain stem were comparatively intact. 
The ischaemic-homogenizing changes 
of the nerve cells in Case 1 indicate the 
pathogenetic significance of the 
anoxic-vasaldisturbance. Ischaemic 

erve cells were found, however, only 
in small numbers, so th a t the absence 
and/or faint staining of the nerve cells 
could not be ascribed solely to anoxic- 
vasal alterations. The paucity of re
serves, the low serum protein level 
characteristic of the prem ature in 
fant [8], m ay have also been respon
sible for the cerebral haemorrhages, 
oedema and anoxic-vasal lesions. The

underdevelopment of embryonic blood 
vessels m ight be a further factor in 
volved. In  Case 1 the general weakness 
of circulation might have been due to 
the severe changes in the lower por
tion of the medulla, th a t in  vivo may 
indeed have caused a further increase 
in severity of the circulatory d istu rb
ance.

In  Case 2 there were few changes in 
the nervous tissue, and the lack of 
anoxic-vasal changes was rem arkable. 
Since the child had several a ttacks of 
asphyxiation as well as serious EEG 
changes (“electric silence” ), this pecul
iar phenomenon needs explanation. 
In  th is respect the evidence reported 
by T itrud  and Haym aker [17] is in
teresting, in th a t in seven fatal cases 
of cerebral anoxia from high altitude 
asphyxiation with rapid death the 
pathological findings were “ of no 
m om ent” . Környey [13] described 
two fatal cases of strangulation in 
which death occurred in approxim ate
ly 48 hours with relatively few chan
ges in the  nerve cells. In  our case, how
ever, we deal with a prem ature in 
fant born with a weight of 1280 g 
(Case 2), and, as it  has been pointed 
out, prem atures are much less suscep
tible to  hypoxia than  adults.

In  view of all these it  may be un
derstood why in this case (the patient 
lived three days only) the hypoxia had 
no tim e to produce characteristic mor
phological changes in the nervous 
system.

The clinical analysis of our cases, 
and also the data  obtained in several 
similar cases under study, indicate 
th a t the absence of the crossed ingui-
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nal extension reflex (which is regu
larly present in normal prem ature in 
fants) m ust be considered a clinical 
m anifestation of severe cerebral hypo
xia and  m ay prove suitable as a clini
cal te s t  of such states.

Investigations are in progress to 
study the connexion between the 
grade of cerebral hypoxia and the  ab
sence of the crossed inguinal extension 
reflex, and also between the  EEG 
changes and the absence of the reflex.

Summary

The crossed inguinal extension re
flex, which is regularly elicitable in 
norm al prem ature infants, was lack
ing in  prem ature infants w ith severe 
cerebral hypoxia. In  the two cases stud
ied the  EEG  showed a so-called “ elec
tric  silence” alternating w ith synchro

nization of bursts of high am plitude 
slow waves of 4/s frequency.

Gross and microscopic evidences of 
anoxic-vasal changes were found post
mortem in one of the cases, b u t not 
in the other, presumably because in 
the la tte r  there had not been tim e for 
the changes to develop.
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