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The crossed extension reflex is one
of the representative reflexes of the
so-called spinal automatism. 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 lesion. We have
found that by means of a technique
employed earlier only in animal exper-
iments the reflex could be elicited in
premature 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 legisextend-
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-
myography has shown that during the
elicitation of the reflex the extensors
and flexors of the limb co-contract,
i. e. what we deal with is the appear-
ance of two reflexes at the same
time, called by us a *“co-reflex phe-
nomenon”.

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

life, after going
phases of regression.

Subsequently, we studied the reflex
in premature infants under patholog-
ical conditions and found that in
some cases it 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 that every case, in which at-
tempts 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 data for
the patients of  the latter group
showedthat duringthe 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.)

through various
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Clinical observations have indicated
that in the causing of the above men-
tioned absence of the crossed inguinal
extension reflex, cerebral hypoxiamay
play an important role. In two cases
the question has been approached by
electroencephalography and detailed
post-mortem examination. The pre-
sent paper intends to present a report
on these two cases.

Case Reports

Case 1. K. I, a female premature in-
fant, was born June 16, and died July 1,
1960. At birth she weighed 1000 g, she
was cyanosed, asphyxia could be relieved
only by continuous 02-administration.
Regular feeding was unfeasible, plasma
infusions were given. Crepitation could be
heard over the pulmonary bases. The in-
fant was moaning, gasping and showed
divergent ocular movements. She gained
no weight till June 24, became marasmic,
vomited yellowish fluid, the stools were
offensive.

June 21. The crossed inguinal exten-
sion reflex could not be elicited from either
side. On eliciting the flexion reflex a slight
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Fig. 1. Case 1. EEG. Extremely low voltage
cerebral electric activity, so-called “electric

silence”
Abbreviations : R = Right, L = Left,
F = Frontal, T = Temporal, C = Central,
O = Occipital
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dorsiflexion of the feet resulted. EEG:
extremely low voltage, mostly “electric
silence” in all leads (Fig. 1), with bursts of
high amplitude 4/s waves.

July 1. A sudden attack of apnoea
developed and the patient died in spite of
attempts at pharmacological and mechani-
cal resuscitation.

Gross and Microscopic Anatomy. The
brain was underdeveloped, the cerebral
cortex revealed cytological patterns and
cytoarchitectonies of the prenatal period.
In the matrices around the lateral ventricles
distended veins filled with blood and ex-
tensive venous haemorrhages were visible.
There was fresh blood in the cerebral ven-
tricles and in the subarachnoidal spaces.
Around the cerebellum remnants of old
haemorrhages were intermingled with fresh
blood. The cerebral cortex and white mat-
ter were pale, and perivascular oedema was
present in several areas.

Among the basal nuclei only the peri-
ventricular, circular and central median
nuclei of the thalamus could be recognized
as independent cell groups. In the other
nuclei of the thalamus, the entire hypo-
thalamus, the globus pallidus and the
putamen the nerve cells were lacking. The
upper portion of the medulla (at the level
of the facial nucleus) was conspicuously
pale. In the lowerportion there were hardly
staining nerve cells with swollen nuclei.
(Fig. 2). The glial nuclei stained well.

In the cerebellum Purkinje’s layer
disappeared, the internal stratum granu-
losum was rarefied. The embryonic exter-
nal stratum granulosum seemed to be
intact in some areas, damaged in others

(Fig. 3). Ischaemic homogenized nerve
cells were seen in the inferior olivary
nucleus, and at sites in the cerebellum.

Case 2. B. Zs., a female premature in-
fant, was born June 18, and died June 21,
1960. She was delivered by Braxton—
Hicks’ version because of placenta previa,
with a weight of 1280 g. The lower extre-
mities showed stockinglike haemorrhages.
She was moaning, jaundiced, attacks of
asphyxia came and went. The heart sounds



I. Fényes et al. :

Fig. 2. Case 1. Medulla oblongata. The
nerve cells stain weakly, the glia cells take
the stain well. Toluidine blue. 10 X 10

were weak but clear. There were tonic
convulsions in the extremities.

June 20. The crossed inguinal extension
reflex was absent on both sides, the flexion
reflex could be elicited on both sides.
EEG: “electric silence” with bursts of slow
waves of high amplitude (200 fiV and more)
and 4/s frequency (Fig. 4).

June 21. On lumbar puncture cerebro-
spinal fluid containing blood was obtained.
The condition of the patient deteriorated
and she died in spite of many efforts of
resuscitation.

Fig.3. Case 1. Cerebellar hemisphere. Elec-

tive parenchynjpl necrosiswith severe dam -

age to the external stratum granulosum.
Toluidine blue. 10 X 10
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Gross and Microscopic Anatomy. The
brain was primitively developed. There
were massive haemorrhages in the lepto-
meninges and cerebral ventricles. The mat-
rices around the lateral ventricles were
thick and contained clotted blood. In the
terminal vein a thrombus of lamellar arran-
gement was found.

Most of the cerebral cortex stained pale,
and was rarefied. The cytoarchitecture of
the cerebral cortex was very poor, com-
pared with that of Case 1. Only the nucleus
but not the cytoplasm of the nerve cells
took the stain.

Fig. 4. Case 2. Low voltage cerebral activ-
ity with bursts of high amplitude slow
waves of 4/s frequency
Abbreviations as in Fig. 1.

The nerve cells of the brain stem stained
faintly, but the nuclear groups could be
recognized clearly. The inferior olivary
nucleus was pale, its lateral curvature was
very faint. The external stratum granulo-
sum of the cerebellum was thick and
stained well, the molecular layer was low
and contained many microglial cells.
Purkinje’s layer was pale and loose at the
basis of some lamellae. In one of the cere-
bellar hemispheres the internal stratum
granulosum was markedly rarefied.

Pathognomonic changes of the nerve
cells were not found.
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Discussion

The evidence obtained in animal
[1, 12, 15] and human [2, 3,12] exper-
iments, as well as in human patholog-
ical cases [19] indicates unequivo-
cally that cerebral hypoxia soon pro-
duces changes in the EEG. In comp-
lete oxygen lack a total absence of
electrical activity is noted simultane-
ously in all of the cerebral regions
within 20 seconds, and in the medulla
and cerebellum in 30 to 90 seconds [5].
This “electric silence” is not, however,
the first symptom ofhypoxia. Preced-
ing its appearance various changes
occur in the EEG tracings; frequency
and amplitude may increase [5], fre-
quency decrease and high-amplitude
delta waves appear [3, 15], and/or
synchronization may be noted [15
16]. As a rule, the appearance of delta
waves, and especially the “electric
silence”, are associated with a more
or less severe impairment of con-
sciousness.

As the Figures indicate, in our cases
the state of “electric silence” alterna-
ted with the synchronization of high-
amplitude waves (4/sec). The question
may be raised how the lasting state
of *“electric silence” indicative of a
grave disturbance of cortical function
was compatible with life, since one of
the patients (Case 2) died about 12
hours after the EEG examination, while
the other (Case 1) several days later.
In this connexion let us mention that
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(if) according to animal experiments
with EEG control, the caudal part of
the brain stem [5], especially the retic-
ular formation [14], i. e. the most
important autonomic centres, are con-
spicuously resistant to hypoxia;

(iii) it has been observed '[19] that
in man a state of “electric silence” of
the cortex and thalamus may persist
as long as 24 hours with 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, it was a remarkable phenome-
non in the two present patients, and
indeed in the whole material under
analysis with the exception of just
one or two of the severest cases, that
the absence of the crossed inguinal
extension reflex was associated with
a total or partial elicitability of the
flexion reflex.

The phenomenon is explained by
the animal 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 but the flexion reflex
could be elicited in all the animal.

In another series of experiments [6]
the multisynaptic flexion reflex was
more severelydamaged by cord asphyx-
iation than the monosynaptic myo-

(i)  the brain of the newborn baby,tatic reflexes were. According to van

and especially that of the premature
infant, is remarkably insusceptible to
oxygen lack [8, 9];
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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 may 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
affectedpredominantly the basal gan-
glia and the lower part of the medulla.
The cerebral hemispheres were rela-
tively preserved. In Case 2rarefaction
of the cerebral cortex was severe, but
the nerve cells of the basal nuclei and
brain stem were comparatively intact.
The ischaemic-homogenizing changes
ofthe nerve cellsin Case lindicate the
pathogenetic  significance of the
anoxic-vasaldisturbance. Ischaemic

erve cells were found, however, only
in small numbers, so that 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 premature in-
fant [8], may have also been respon-
sible for the cerebral haemorrhages,
oedema and anoxic-vasal lesions. The

5
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underdevelopment ofembryonic blood
vessels might bea further factorin-
volved. In Case 1the general weakness
of circulation might have been due to
the severe changes in the lower por-
tion of the medulla, that in vivo may
indeed have caused a further increase
in severity of the circulatory disturb-
ance.

In Case 2 there were few changes in
the nervous tissue, and the lack of
anoxic-vasal changes was remarkable.
Since the child had several attacks of
asphyxiation as well as serious EEG
changes (“electric silence”), this pecul-
iar phenomenon needs explanation.
In this respect the evidence reported
by Titrud and Haymaker [17] is in-
teresting, in that in seven fatal cases
of cerebral anoxia from high altitude
asphyxiation with rapid death the
pathological findings were “of no
moment”. Koérnyey [13] described
two fatal cases of strangulation in
which death occurred in approximate-
ly 48 hours with relatively few chan-
ges in the nerve cells. In ourcase, how-
ever, we deal with a premature in-
fant born with a weight of 1280 ¢
(Case 2), and, as it has been pointed
out, prematures 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 time 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
that the absence of the crossed ingui-
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nal extension reflex (which is regu-
larly present in normal premature in-
fants) must be considered a clinical
manifestation of severe cerebral hypo-
xia and may prove suitable as a clini-
cal test of such states.

Absence of Crossed Inguinal Extension Reflex

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
normal premature infants, was lack-
ing in premature infants with severe
cerebral hypoxia. In the two cases stud-
ied the EEG showed a so-called “elec-
tric silence” alternating with synchro-

nization of bursts of high amplitude
slow waves of 4/s frequency.

Gross and microscopic evidences of
anoxic-vasal changes were found post-
mortem in one of the cases, but not
in the other, presumably because in
the latter there had not been time for
the changes to develop.
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