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There is a group of epileptic patients whose history points to a
cerebral lesion at the time of birth or during some febrile illness of
infancy. The nature of these lesions which produce late habitual
epilepsy has received scant attention up to the present. On the other
hand, traumatic and ischemic cerebral injury has been studied
exhaustively in autopsy series and the relation of such injury to cerebral
diplegia has been a subject of discussion for many years.
REVIEW

OF THE LITERATURE

In 1862, William Little published a description of the diplegia or
bilateral paralysis which he attributed almost wholly to asphyxia of the
brain resulting from an accident of birth. He reported postmortem
observations in only 2 cases. In one there had been gross intracranial
bleeding; in the other, only congestion of the whole brain.
In subsequent years there has been much discussion of the relation
of spastic diplegia (Little's disease) to birth injury and intracranial
hemorrhage. Sigmund Freud 2 early turned his attention to this sub¬
ject (1897), stating that he could find no evidence that diplegia was due
to injury at birth. But he made a distinction between diplegia, which he
considered to be due to a degenerative cerebral condition, and double
hemiplegia, which he ascribed to gross intracranial bleeding. James
Collier, in 18993 and again in 1924,4 likewise maintained that diplegia
1
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1. Little, W. J.: On the Influence of Abnormal Parturition, Difficult Labours,
Premature Birth, and Asphyxia Neonatorum, on the Mental and Physical Condition
of the Child, Especially in Relation to Deformities, Tr. Obst. Soc., London 3:293,
1862.
2. Freud, S.: Die infantile Cerebrall\l=a"\hmung,Vienna, A. H\l=o"\lder,1897.
3. Collier, J.: Cerebral Diplegia, Brain 22:373, 1899.
4. Collier, J.: The Pathogenesis of Cerebral Diplegia, Brain 47:1, 1924.

Downloaded From: http://archpedi.jamanetwork.com/ by a New York University User on 06/20/2015

due to neuronal cerebral degeneration and not to hemorrhage.
Medical literature 5 has contained numerous studies of the causes of
death at birth and shortly afterward, which were well summarized by
Ford.0 It is evident that cerebral compression, produced by subdural
hemorrhage, and cerebral ischemia, due to that and other causes, are
of primary importance. Tears of the durai sinuses and tributary veins
resulting from head molding are the most important causes of extensive
intracranial bleeding (Capon 5c Beneke,5b Seitz 5a and Holland.56) But
generalized asphyxia must affect the brain also, and Craig 5d poihted out
that among those infants who died at birth there were numerous evi¬
dences of severe asphyxia to be found in other organs quite independent
of the intracranial findings. Rydberg 5£ concluded after an exhaustive
study that actual softening of areas of the brain could be produced by
cerebral compression and supratentorial hemorrhage.
Those children who have received milder injuries and therefore
survive have been given less attention, and few autopsies of such persons
are available.
Hannes 5g attempted a follow-up study of children who
had been subjected to asphyxia and compared them with a group whose
birth was said to have been associated with trauma. There seemed to
be about an equal number of mentally defective children in each group,
and only 3 of the 39 children studied had become epileptic.
That there is a relation between epilepsy and birth injury has been
obvious to all clinicians. But Ehrenfest in his monograph on birth
injuries r reached no conclusion as to the nature of this relation, and
was

5. (a) Seitz, L.: Ueber Hirndrucksymptome bei Neugeborenen in Folge
intracranieller Blutungen und mechanischer Hirninsulte, Arch. f. Gyn\l=a"\k.82:529,
1907. (b) Beneke: Ueber Tentoriumzerreissungen bei der Geburt, sowie die
Bedeutung der Duraspannung f\l=u"\rchronische Gehirnerkrankungen, M\l=u"\nchen.med.
Wchnschr. 57:2125, 1910. (c) Capon, N. B.: Intracranial Traumata in the Newborn, J. Obst. & Gynaec. Brit. Emp. 29:572, 1922. (d) Craig, W. S.: Intracranial Haemorrhage in the Newborn, Arch. Dis. Childhood 13:89, 1938. (e)
Holland, E.: Cranial Stress in the Foetus During Labour and Effects of Excessive
Stress on the Intracranial Contents, J. Obst. & Gynaec. Brit. Emp. 29:549, 1922.
(f) Rydberg, E.: Cerebral Injury in Newborn Children Consequent on Birth Trauma,
with an Inquiry into the Normal and Pathological Anatomy of the Neuroglia, Acta
path. et microbiol. Scandinav., 1932, supp. 10, p. 1. (g) Hannes, W.: Zur Frage der
Beziehungen zwischen asphyktischer und schwerer Geburt und nachh\l=a"\ltigenpsychischen und nerv\l=o"\senSt\l=o"\rungen,Ztschr. f. Geburtsh. u. Gyn\l=a"\k.68:689, 1911.
6. Ford, F. R.: Cerebral Birth Injuries and Their Results, Medicine 5:121,
1926.
7. Ehrenfest, H.: Birth Injuries of Child, New York, D. Appleton and
Company, 1922.
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Lennox and Cobbs in their book on epilepsy ignored birth injury
almost completely. Ford e reported 8 cases of focal epilepsy associated
with congenital hemiplegias or monoplegias. He concluded that in
about one third of all children with spastic paralysis due to birth injury,
focal or generalized convulsions develop. He also stated that his own
observations and other reports indicated that epilepsy in approximately
2 to 3 per cent of all cases is related to birth injury. Our experience
now indicates that this percentage should be considerably higher.
CASES

ANALYZED

This communication is based on a series of cases of habitual epilepsy
in which the cerebral lesion dates back to birth or infancy. A general
report of the nature of these early lesions is made here. More detailed
histologie study of such cases as well as examples of cerebral injury
later in life will be reported shortly by Penfield and Humphreys. All
of the patients here reported on have had craniotomy and radical
excision of epileptogenic foci, but they are selected for use here from
a larger number of such examples only in order to throw light on the
nature of these early lesions and on the fate of the brain which con¬
tains them, and not primarily for an assessment of the value of surgical
therapy, a report of which has been made previously (Penfield9).
The lesions include areas (1) of focal atrophy and of focal microgyria due to ischemia, (2) of meningocerebral cicatrix due to depressed
fracture of the skull or to infantile meningitis and (3) of focal cerebral
thrombosis secondary to arterial occlusion.
REPORT

Case 1.—Cerebral

meningitis.
J. D., a 30

atrophy

and

OF

CASES

meningeal adhesions secondary

to

infantile

year old man employed as a drug clerk, had a normal birth but
of 6 months had a febrile illness which resulted in partial paralysis
of the left upper and lower extremities. When he was 16 years old, epileptiform
seizures appeared, characterized by a sensation of dizziness followed by twitching
of the left side of the face, turning of the head to the left and clonic movements
of the left arm and leg. The attacks often became generalized.
Physical examination showed an intelligent young man who had a spastic left
hemiparesis, moderate atrophy of the left extremities and defective appreciation
of cortical sensation on the left side. Encephalography showed the right lateral
ventricle to be larger than the left, with a superficial cyst in the right frontal
at the age

8. Lennox, W. G., and Cobb, S.: Epilepsy, Harvard Medicine Monographs,
Baltimore, Williams & Wilkins Company, 1928, vol. 14.
9. Penfield, W.: Epilepsy and Surgical Therapy, Arch. Neurol. & Psychiat.
36:449 (Sept.) 1936.
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and deviation of the septum pellucidum to the right. Lateral views demon¬
strated a superficial cystic area in the frontal region and another in the parietal

area

region (fig. 1).
Ostéoplastie craniotomy on the right side was carried out. The dura was
densely adherent to the pia and could be lifted only by sharp dissection, especially

Fig.

1

(case 1).—Pneumoencephalogram, lateral view, showing outline of the
seen in the two superficial cysts in the parietal

lateral ventricle. Oxygen is also
and the frontal region.

Fig. 2 (case 1 ) .—Photograph of the brain at operation after the reflection
of dura. The two areas indicated in the encephalogram are plainly shown.
in the posterior portion. These adhesions contained blood vessels passing from
the dura down into the pia and in our opinion could have been produced only
by an active inflammatory process. There was a considerable amount of convolutional atrophy. The pia was thickened everywhere, and the superficial vessels
were tortuous. Anteriorly in the frontal lobe there were a cyst and some increase
in the atrophy (fig. 2). Posteriorly and below there was a large focal lesion (fig. 2,
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instrument point) where fluid had collected,
yellowish glial tissue which extended through

and beneath the fluid there was
to the wall of the underlying
ventricle. This circumscribed area was adjacent to the motor gyrus, as was
proved by stimulation, and the motor gyrus was actually posterior to its expected
position within the skull. This posterior lesion was removed without any disability
being produced, and the attacks were decreased in number but not abolished.
The failure to secure a better result may have been due to the diffuseness of the
at

abnormality.
Comment.—-The febrile illness reported at the age of 6 months must
have been severe meningitis which produced dense meningeal adhesions,
moderate diffuse atrophy of the brain and focal destruction, especially
in the posterior part of the right hemisphere. The destruction must
have been due to interference with cortical circulation at the time of
infection. This focal destruction was complete, leaving only gelatinoid

Fig. 3 (case 2).—Photograph at operation. The cicatricial lesion is seen to
just posterior to the central fissure. The threads indicate the extent of the
removal posteriorly; the removal anteriorly was carried out by dissection.
be

glial tissue with no preservation of normal cerebral structure. The total
volume of the right hemisphere was reduced, which explains the fact
that the septum pellucidum was nearer to the right side. The Rolandic
cortex had migrated posteriorly, owing to the destruction of tissue
behind it.
Case 2.—Meningocerebral cicatrix

birth.

secondary

to

depressed fracture of skull

at

D. D. was a girl of 14 who was referred to us by Dr. Pincock, of Brandon,
Manitoba, Canada, because of epileptic seizures. Her birth had been induced at
8 months because her mother had pneumonia. Delivery was carried out by
forceps, and there was obvious depression of the right side of the skull. The
child cried lustily but had to be fed with a dropper during the first five days
of life. On the fourth day there began a series of convulsions which lasted for
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ten hours, and again on the fifth day a similar series occurred. Weakness of
the left arm and leg was observed immediately after the convulsions. Following the
seizures there was jaundice, which lasted two months. The child talked at 1
year of age and walked at 3 years. Mental development was normal.
At the age of 11 the girl began to have left-sided seizures, which occurred
as often as two or three times daily.
These seizures often came directly after
she was startled by a sudden noise. In each attack she threw the left arm up
and became conscious of a peculiar sensation in the left wrist. There were then
flexion of the wrist, extension of the fingers, turning of the head and eyes to the
left, and clonic movements of the left arm, left leg and left side of the face. There
was no loss of consciousness.
On physical examination at the age of 14, the patient was seen to be normally
developed except that her left hand was smaller than her right and the left
side of her chest was a little smaller than the right side. There were partial
left homonymous hemianopia and left external strabismus. Encephalography
showed the septum pellucidum to be nearer the right side than the left. The
posterior part of the lateral ventricle (portion 4) and the inferior horn (portion 6)
on the right side were enormously enlarged.
Operation was carried out with the area under local anesthesia. There was a
discrete scar in the brain, situated in the postcentral gyrus (fig. 3). It touched
the precentral gyrus only at the level of the hand area. The bone over the scar
was pitted.
The dura was deficient over the pitted areas and strongly adherent
to the scar elsewhere. Electrical stimulation produced motor responses in shoulder,
arm or hand from the gyrus just anterior to the scar, as indicated by the response
tickets from 1 to A in figure 3. Convulsive seizures were produced by stimula¬
tion at the site of each of the tickets marked # 1, # 2, # 3, # 4 and X.
Excision of the scar up to the edge of the motor gyrus was carried out. The
operative result was good as far as seizures are concerned, for she has been free
from attacks up to the present, a year and a half since the operation. However,
there has been a definite increase in the disability of the left arm, owing, no
doubt, to the proximity of removal to the motor gyrus and perhaps the underlying

pyramidal

tract.

Comment.—This was a typical example of the result of depressed
fracture of the skull and cerebral laceration due to forceps pressure at
birth. The marked cerebral atrophy about the region doubtless resulted
from the direct injury and from the disturbance of circulation asso¬
ciated with it. There were no narrow gyri.
Case 3.—Focal microgyria secondary to ischemia of birth.
Because of epileptiform seizures at the age of 16, G. A., a young girl, was
referred to us by Drs. Foster Kennedy and Jefferson Browder, of New York city.
At the time of the patient's birth her parents were living in Japan. Her mother
was given twilight sleep, and the labor was terminated after thirty-six hours by
the application of forceps. The cord was said to be about the neck, and the
infant was large, weighing 9yi pounds (4,309 Gm.). There was much initial
cyanosis, and there was difficulty in making the child breathe.
After this the infant seemed to be well enough until about two weeks later,.
when she began to have generalized convulsions. These lasted from two to three
days. The child was placed in an oxygen tent, and the physician told the parents he
had little hope of her recovery. However, she did recover and seemed to develop
normally, except that she was slow in beginning to walk and that from the first
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she seemed to use the left arm and leg less well than the right. In time she
became a normal-looking child who showed no obvious disability, progressed in
school and played a good game of tennis.
At the age of 10 years the girl began to have epileptiform seizures, which con¬
tinued during the succeeding six years, until she came under our care. Attacks
of three distinct types appeared at different times: (1) sensory seizures, which
were characterized by an aura of tingling in the left arm and sometimes also in
the left leg; (2) facial attacks, which began with an aura of sensation in the left
side of the mouth and the left side of the tongue and might spread to clonic facial
movements and which occurred from one to four times daily, particularly after
the patient was startled, and (3) adversive attacks, which appeared later in life
and were characterized by forcible turning of the head and eyes to the left. The
turning of the head in the third type of attack was sometimes clonic. The

Fig. 4 (case 3).—Pneumoencephalogram taken in brow-up position, showing
the septum pellucidum nearer the right than the left side. The right cranial
chambers are much smaller than the left. Enlargement of the body of the right
lateral ventricle is shown (portion 3).
girl said her eyes were "pulled to the left" and she could not turn them back to
the right again. The attacks occasionally became generalized.
Physical examination showed an attractive, intelligent girl with a comparative
decrease in the size of the left arm, left side of the thorax and left leg, a defect
of appreciation of two point sensation in the left arm and leg and astereognosis in
the left hand. Otherwise there was no abnormality and no evidence of a lesion
of the pyramidal tract.
Encephalography (fig. 4) showed that the right hemisphere was smaller than
the left, the septum pellucidum was closer to the right vault than to the left
and the posterior portion of the body of the right lateral ventricle was moderately
enlarged. At operation in June 1937 a large right-sided ostéoplastie craniotomy

There were no adhesions between the
was carried out under local anesthesia.
dura and the arachnoid, which indicated clearly that there had been no subdural
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hemorrhage at the time of birth. There was no yellowing of the pia-arachnoid.
The arachnoidea, however, was almost white in certain areas, and the sub¬
arachnoid space was a little deeper than usual (fig. 5). Corresponding with these
areas of whitened arachnoid there were three distinct areas in which narrow gyri
were present—frontal, upper postcentral and lower postcentral (areas C, B, and
A in fig. 5). These thin gyri, which were made up of tough, yellowish cerebral
tissue, were excised, and it was found that the upper and lower postcentral gyri
were connected by a narrow submerged gyrus, most of which was removed by
tunneling. The spaces from which each of these zones of microgyria was
removed are shown in figure 6. There was no disability as the result of operation,
and there have been no further attacks up to the present—eighteen months after
operation.

Comment.—In this case it seems possible to reconstruct the elements
produced these lesions at the time of birth. The birth was of long

which

Fig. 5 (case 3).—Photograph of the brain at operation. There is a thickening
of the arachnoid over the three areas of focal atrophy—A, the lower postcentral, B,
the upper postcentral and C, the frontal.

duration, the umbilical cord compressed and the child large ; forceps
used. This state of affairs produced direct cerebral compression
and also arrest of the fetal circulation, resulting in severe cerebral
ischemia. Nevertheless, the child was resuscitated, and the blood pres¬
sure rose sufficiently to restore the circulation in most parts of the brain,
thus preventing their destruction. For some reason the postcentral
gyrus and the isolated gyrus lying anteriorly near the frontal eye area
were ischémie longer than the rest of the brain was. The ischemia of
these isolated gyri was of longer duration than the contained nerve cells
could endure. The neural elements in these convolutions were there¬

were

fore

largely destroyed, leaving

their

glial

elements

only.
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This was not the result of thrombosis of a larger artery, for the
distribution was not that of any one or even two arteries. Compression
of the convolutions in question may have been slightly greater than
that of other convolutions during the period of defective blood supply,
owing to some difference in pressure mechanism, or it is possible that
vascular spasm was an element in the production of greater ischemia.
During operation we have seen an individual convolution become
blanched as a unit and remain so for a considerable period (Penfield 10).
This was not a case of subdural hemorrhage. There were only two
small, tenuous adhesions, and there was no yellowish discoloration except
of the destroyed gyri. Furthermore, as the child nursed well after the

Fig. 6 (case 3).—Photograph taken one hour later to show that the small
gyri in the three zones have been removed. The tickets indicate points from
which responses were obtained by electrical stimulation.
was no continuing cerebral compression
have
resulted
from
subdural clot. Also, this was not
might
a case of intracerebral hemorrhage, for such a hemorrhage would not
confine itself to individual convolutions, and the type of cerebral destruc¬
tion produced would have been different. This is not a case of venous
thromboses, as the cerebral veins usually drain at least two adjacent

days of convulsions, there

three
such

as

gyri,

not

one.

This case seems to establish clearly the fact that long-continued
labor, associated with defective fetal circulation, can produce a focal
10. Penfield, W.: The Evidence for
Ann. Int. Med. 7:303, 1933.

a

Cerebral Vascular Mechanism in Epilepsy,
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lesion within the brain as well as more diffuse cerebral destruction. The
few days of convulsions which followed shortly after birth doubtless
were associated with returning circulation in various parts of the brain.
We have seen such a series of seizures in adults several days after
ligation of a pial artery. The attacks were followed by evidence of
restitution of circulation (Penfield9).
The encephalogram (fig. 4) showed the septum pellucidum to be
nearer the right side and the whole ventricular system to have shifted
The ventricles were moderately enlarged,
a little from left to right.
the
especially
posterior portion of the body of the right lateral ventricle.
This doubtless corresponded with the atrophie postcentral convolution.
When focal areas of brain have been destroyed at birth there occurs
during subsequent growth of the brain a rearrangement, other portions
of the brain being crowded into the space left by the atrophy of the
injured portion. The result is that surprisingly little asymmetry or
abnormality may appear in the ventricular outline because of the fact
that the head grows only in response to the growth of the brain. The
brain, convoluted as it is, therefore rearranges itself by means of its
pressure against the skull on the outside and the pressure on it from
the inside of the ventricular fluid system. The total volume of the right
hemisphere in this case was obviously less than the total volume of
the left, but the general shape was the same.
Clinically the patient showed only a defect in cortical sensation
resulting from the destruction of the postcentral gyrus but no motor
difficulty and no evidence of a pyramidal lesion, a further testimony
to the discreteness of the destruction. The hemiatrophy of the left side
of the body results invariably from postcentral gyrus destruction, as
shown by Penfield and Robertson,11 and not from destruction in other
areas of the brain. This was seen in case 1 as well.
Case 4.—Cerebral atrophy and focal microgyria secondary to subdural hemor¬
rhage and focal ischemia at birth.
W. K., a boy of 18 years, was referred to us by Dr. Stanley Cobb, of Boston,
in March 1936. The mother's labor had presented difficulties. To quote from the
report of the obstetrician: "This was a breech presentation, left sacroanterior
position, and the delivery was not difficult. The child was very much asphyxiated
and required prolonged resuscitation. On the second day there was marked
evidence of intracranial hemorrhage, i. e., twitching without actual convulsions and
a tense anterior fontanel.
These symptoms gradually subsided, and the child did
well thereafter." The boy is said to have been somewhat backward at the age of
5, and at the age of 8 he had an operation for torticollis.
Recurring epileptic seizures began at the age of 15. A typical attack was
ushered in by a "rising" sensation in the epigastrium associated with thirst. This
11. Penfield, W., and Robertson, J. S. M.: Growth
Cicatrical Cortical Lesions, to be published.

Asymmetry in Relation

to
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was followed by a cry, turning of the head to the left, twitching of the mouth to
the left and unconsciousness. After an attack he was dazed and could not speak.
On arrival at the Montreal Neurological Institute the boy was found to be well
developed and muscular. His head was small and a little flattened on the right
side. Results of neurologic examination were negative and mentally he seemed
to be within normal limits. A simple roentgenogram showed the right side of the
cranial cavity to be small and the falx nearer to the right side than to the left
(fig. 7). The right side of the skull was more dense than the left. Encephalography
showed that the whole right hemisphere was smaller than the left, with the septum
pellucidum displaced to the right. The ventricles were slightly large for a boy of
his age. The posterior end of the lateral ventricle (portion 4) was enlarged on
the right, and the inferior horn on the right was enormously enlarged. It was

R

L

Fig. 7 (case 4).—Anteroposterior view of the skull, showing less development
of cranial chamber on the right side. Calcification of the falx indicates its
position.
evident, therefore that the right hemisphere occupied less space than the left
and that there was comparative atrophy of the right temporal lobe.
At operation a right ostéoplastie craniotomy was carried out. There were
marked adhesions everywhere beneath the dura, rather more marked in the pos¬
terior parietal region. But in these adhesions there were no vessels crossing
between the pia and the dura. The adhesions were fine and filamentous but
Most of them could be separated by blunt dissection, but scissors had
numerous.
to be used in certain areas.
The region of the brain around the central fissure of Rolando appeared essen¬
tially normal. There was marked atrophy of the convolutions of the temporal
lobe, that is, enlargement of the intergyral sulci but with little narrowing. This
was perhaps most noticeable in the lower temporal region, where there was intense
gliosis, to judge by the hard consistency of the cerebral tissue there. In the
posterior parietal region there was a discrete area in which the convolutions were
decreased to about one-third their normal size (fig. 8).
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About the periphery of this parietal area of microgyria the aura of his attacks,
namely, "a rising sensation in the chest," was produced at points 1, 2, C, B and D
in figure 8. This entire area was excised as shown by the broken line in figure 8.
The excision opened the posterior end of the ventricle. In the two years and a
half that has followed operation he has had an occasional "rising sensation" but
no convulsions and has carried on satisfactorily with his college work.

Comment.—In retrospect two pathologic conditions may be said to
have operated in the production of the abnormalities found here. The
first factor was a subdural hemorrhage which occurred at birth.
The evidence of this was the adhesion which was found between the
arachnoidea and the dura. This was typically made up of small threads,
which allow for some movement of the brain. These threads were of

Fig. 8 (case 4).—Diagram to indicate the site of focal microgyria. A indicates
the cortex in which the convolutions were hard and the intergyral fissures wide
beneath old subdural hematoma. The broken line surrounds the area of cortical
atrophy, microgyria due to focal ischemia. Stimulation responses were as follows :
3, numbness of the left side of the tongue ; 15, numbness of the lower part of the
left leg; 13, numbness in arm and hand; 7, feeling in the left side of the stomach
"that is not like my attack" ; 1, 2, C, B and D, a "rising feeling" in the midthorax
somewhat like the patient's habitual aura.

varying thickness. If there had been a depressed fracture, another type
of adhesion would have appeared which would have been dense and would
not have elongated and in which there would have been blood vessels
passing from the dura into the brain, as in case 2. These tenuous adhe¬
sions, however numerous they may be, do not as a rule provide for

transsubdural vascularization.
The marked atrophy of the temporal lobe, without microgyria,
suggests that there was a large enough subdural hematoma to produce
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intracranial pressure continuing over the period of greatest growth of
the head, i. e., the first two years. With absorption of the clot, the
inferior horn of the ventricle enlarged to fill in the cranial space. This
injury of the temporal lobe could doubtless have been prevented by
subdural drainage of the blood clot after birth. This is atrophy of brain
with atrophy of convolutions but without pushing together of the
convolutions such as occurred in the parietal region.
On the other hand, the rather focal area of small gyri in the parietal
lobe, the histology of which has been carefully studied, indicates that in
that particular portion another pathologic factor is to be considered. Here
the circulation was cut down acutely for a long enough period during
birth so that the nerve cells could not recover or could only partially
recover, and the convolutions did not grow. On the contrary, they
shrank and were pushed together by the growth of neighboring convo¬
lutions. The fact that the falx is nearer the right side than the left shows
that the growth of the brain on the left was greater than on the right and
that the skull was pushed out normally during the growth period on that
side. There was no cyst formation in the brain and no evidence of
either an intracerebral hemorrhage or occlusion of any particularly
large cerebral artery.
It is interesting to observe that the initiation of the seizures seems
to have been related to the area of microgyria rather than to the area
in which the subdural hematoma left its principal telltale.

5.—Moderately focal atrophy due to ischemia at birth.
was a girl of 16 who was referred to us by Dr. J. MacDonald.
of Indianapolis, because of focal epileptic seizures. She had been one of twins ;
the other was born dead, the labor having been difficult and forceps used. A
good deal of work was required to initiate respiration in her case, and during
the first three days of life she had generalized convulsions. There seems to have
been no evidence of increased intracranial pressure, and the child took her feedings
and developed normally during infancy.
At the age of 3 years, after a severe cold, the patient had a generalized seizure.
At the age of 5 there was a similar attack, and at 9 years she had the first of
her typical convulsive seizures. These seizures were habitually ushered in by
sensation in the mouth and on the left side of her tongue. This was followed by
twitching of the mouth and inability to speak, although consciousness was retained.
On the patient's admission to the hospital, in 1933, the encephalogram showed
moderate enlargement of the right ventricle and greater enlargement of the left
ventricle. A large frontoparietal ostéoplastie craniotomy on the right side was
carried out. There was evidence of rather diffuse change in the hemisphere.
Some of the convolutions were small, but there was no focal area to be made out
objectively. On the basis of stimulation the face area was removed on the right
side. It was impossible to remove all abnormal tissue, obviously. Since operation
in May 1933 the patient has had only 4 attacks, two in April 1936 and two in
Case

M. D.

October 1937.

Comment.—It seems fair to interpret this case as follows : There was
marked asphyxia at birth, and the brain suffered from ischemia, which
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doubtless involved the right hemisphere more than the left. During the
first few days, the patient had a series of seizures because of this ischemia.
There resulted a diffuse lesion of the cortex from which the patient did
not wholly recover and which later was responsible for her habitual
seizures and for the seizures which began at the time of her early febrile
attack.
Case 6.—Focal microgyria due to ischemia at birth.
N. I., a boy of 16 referred to us by Dr. W. Leslie, of Winnipeg, Manitoba,
Canada, was admitted because of convulsive seizures ; he was a twin. At birth

Fig. 9 (case 6).—Pneumoencephalogram shows the left cranial chamber to be
smaller than the right, but the anterior end of the ventricle is about equal in size.
he is said to have been delivered easily, but he was followed by a twin brother
who was dead, and there was reason to suspect that he too had been injured.
Infantile development was slow ; he nursed poorly and was underweight. He
walked at \y2 years of age and talked at 2 years.
At 18 months the boy had an intestinal disturbance, a high fever and several
convulsions during one day. He was well after this until the age of 7 years,
when convulsive seizures reappeared ; except for a free interval between the ages
of 10 and 13, these became regularly recurrent up to the time when we saw him.
The habitual attacks began with an aura of peculiar sensation in the right arm.
This was followed by involuntary flexion of the right arm. The attack might
stop there or might proceed to generalized convulsive movements. He was a
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strong, well developed boy who had progressed satisfactorily in school, although
his power of concentration was said to be defective. His deep reflexes were some¬
what decreased but symmetric. Otherwise examination revealed nothing abnormal.
Cerebral pneumography showed the third ventricle and septum pellucidum to be
a little nearer the left side than the right and the left cranial chamber to be a
little smaller than the right, as shown by the position of the falx. Encephalo¬
grams in other positions showed that there was enlargement of portion 4 of the
left lateral ventricle (fig. 9).
A large ostéoplastie craniotomy on the left side was carried out, and electrical
exploration showed that the central fissure was proportionally much more posterior
than was expected, as indicated by the line of dots in figure 10. Just posterior to
the postcentral gyrus and situated largely within the longitudinal fissure was an
area (fig. 10) where the gyri were crowded together and of a diameter not more
than one third that of the normal-appearing gyri elsewhere. This area of small
packed gyri was excised radically. The boy recovered from operation without

Fig. 10 (case 6).—Diagram to show the position of the area of focal microgyria
and the resultant posterior migration of the central fissure to the line of dots.
defect and up to the present time—twelve months after operation—there have
been no further seizures.

Comment.—This boy had no subdural hemorrhage at birth because
there were no telltale subdural adhesions. But he did have mechanical
compression of the brain which was sufficiently focal to produce ischemia
of the convolutions of one area. Thrombosis of a cerebral vein might
have been an element in this case because of the position, but it seems
evident that ischemia at birth largely destroyed the neural elements in
this posterior central area so that the rest of the left hemisphere crowded
toward that region during growth of the skull, producing the astonishing
posterior displacement of the rolandic fissure toward the area in question.
The small size of the left cranial chamber is obviously the result of the
decrease in total hemisphere.
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Case 7.—Focal cerebral atrophy secondary to arterial occlusion during infantile
disease.
L. B., a man 22 years of age, was referred to us by Dr. A. Wheaton, of
Sussex, New Brunswick, Canada, because of jacksonian epilepsy. The history
of the birth and early months of this patient was normal. At the age of 9 months
he had had pneumonia, which was followed by a hemiplegia of the right side.
Since that time he had been partially paralyzed on the right side.
Epileptiform seizures began at the age of 16 years and occurred about once
a month up to the time of admission.
The seizures were right sided and were

Fig. 11 (case 7).—Drawings at operation to show the left occipital lobe con¬
verted into a membranous sac containing fluid. After amputation the falx
tentorium and the choroid plexus within the ventricles are seen.
sensory aura, either a feeling down the right side of the body
sensation of choking. On examination he was found to have a
right homonymous hemianopia and right hemiparesis. The encephalograms showed
definite shift of the whole ventricular system from right to left (approximately
2 cm.). The left lateral ventricle was enormously enlarged in the posterior half,
with thinning of the brain tissue. The right ventricle was not unusual.
At operation, in December 1931, a posterior ostéoplastie craniotomy was carried
out on the left side. The dura was reflected freely from the brain, as there were

ushered in by
or, less often,
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adhesions in the subdural space. The posterior end of the occipital lobe was
found to be converted into a membranous sac filled with cerebrospinal fluid
(fig. 11, lower sketch). The line of demarcation between this sac and the brain
was sharp, particularly so on the mesial side.
The motor gyrus seemed to be
of good color, but the neighboring gyri back of it were somewhat brown, although
nearly normal in outline. Posterior to this there were one or two extremely
narrow gyri before the whole brain was changed into a membrane.
The focus
from which the patient's typical epileptiform aura could be produced by electrical
stimulation was in the lower part of the hemisphere anterior to the membranous
sac at points 10 and 6 (fig. 11).
Complete excision was carried out, the line of removal being carried up to
what seemed to be normal brain (upper sketch, fig. 11). The result was freedom
from seizures for only one and one-half years, after which time there have been
two or three attacks yearly up to the present. It is possible that wider excision
in the vicinity of the aura focus would have given permanent freedom from attacks.
no

Comment.—In retrospect it may be seen that this is a case of occlu¬
sion of the posterior cerebral artery and possibly some branches of the
middle cerebral artery on the left side. Occlusion evidently took place
during the febrile illness at the age of 9 months. The fact that no
adhesions were found shows that there had been no hemorrhage, as in
case 2, and no meningitis, as in case 1. The brown discoloration of the
posterior end of the relatively normal brain suggests that there had
occurred perivascular diapedesis of red blood cells within the zone of
brain that separated that portion which became completely ischémie, and
therefore was completely destroyed, and the normal brain, which was
not altered. Slowing of circulation results regularly in perivascular
diapedesis, whereas complete cessation has no such effect. The pigment
of the red cells is regularly converted into a brown stain which is
visible years afterward.
Such a series of events as is described in this case has commonly
been diagnosed in the literature as infantile encephalitis. It seems more
likely to us that in infancy acute dehydration during a fever, regardless
of the cause of the fever, may result in thickening of the circulating
blood and consequently spontaneous thrombosis of one or more cerebral
arteries.

Case 8.—Focal cerebral atrophy due to prenatal arterial occlusion.
A. M., a woman aged 25, was referred to us by Dr. R. H. McGibbon, of
Montreal, Canada, because of hemiplegia and jacksonian epilepsy. There was no
history of injury at birth. The position had been transverse, and some force was
used, but no instruments. Although she was rather blue when delivered, she
breathed easily and fed well. She was not drowsy, and there were no convulsions.
One week after birth the mother states that it was first observed that the child's
right elbow and wrist were held in a flexed position and that there was apparent
paresis of that limb. At the age of 2 months weakness of the right leg was noted,
and the extremities on the right were obviously smaller than those on the left.
On admission to the Montreal Neurological Institute the patient was found
to have slight mental retardation. The right arm and leg were smaller than the
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left. She had a right hemiplegia which was not complete. She could walk well,
although the right leg was spastic. The right upper extremity was kept flexed
in a tonic manner, but she was capable of making crude voluntary movements.
Roentgenograms showed the skull to be asymmetric, the left side being much
flatter than the right. Encephalograms showed the whole ventricular system to
be nearer the left vault than the right. There was enormous dilatation of the left
lateral ventricle, involving portions 2, 3, 4 and most of portion 6. The left
hemisphere was thus much reduced in size, while its ventricular spaces were much
increased in size, especially posteriorly, and yet the general ventricular form was

preserved.
The seizures of which she complained began with a peculiar sensation in the
paretic right hand, which she described as "pins and needles." This sensation
traveled up the right arm and down the right side into the leg, and then the patient
lost consciousness. At this time violent

shaking of the right

arm

and

leg occurred,
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and the head was turned to the right side. The attacks occurred once or twice a
week as a rule, although she had had free periods of from one to eight months.
In February 1937, ostéoplastie craniotomy on the left side was carried out
with the patient under anesthesia induced with avertin with amylene hydrate and
an extremely small dose of ether. There were no adhesions between the dura and the
brain aside from pacchionian granulations, which were found farther from the midline than usual. There was nothing to suggest a previous hemorrhage. The brain
itself appeared normal anteriorly and posteriorly, but it was replaced in the region
where the fissure of Sylvius should have been by a wide gutter of altered tissue con¬
taining one small cyst. This altered tissue extended upward and backward from
the position of this fissure to the falx (fig. 12). Thus the abnormal zone extended
from the middle fossa upward to the longitudinal sinus. Outside this zone the
gyri appeared normal.
In the side of the upward extension of the cerebral lesion there were narrow
abnormal gyri which were proved by stimulation to be the rolandic gyri. Electrical
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Stimulation of that area gave closure of the mouth and swallowing from point A
(fig. 12), inward rotation of wrist from point B and closure of the mouth from
point C. Stimulation elsewhere was without result.
The cicatricial tissue was removed entirely with deep brain sutures and blunt
dissection. It became evident during the extirpation that there was no middle
cerebral artery, although the scar itself had pulsated actively. The excision was
carried upward to include the convolutions on either side of the fissure of Rolando
as far as the falx itself (broken line in fig. 12).
After operation there was no alteration whatever in the function of the paretic
arm and leg and no alteration in speech.
The postoperative course has been
satisfactory, inasmuch as the attacks have ceased completely for two years up
to the present time and the patient is much more alert mentally, owing, no doubt,
to the cessation of seizures.

Comment.-—There was no extracerebral hemorrhage at birth in this
case, as shown by the absence of adhesions between dura and pia, and
there was no intracerebral birth hemorrhage, as may be concluded from
the fact that the baby breathed and nursed well from the beginning
and also from the absence of brown pigment in the lesion. There was
complete destruction of a large area of brain, due evidently to complete
ischemia. The area corresponds with the location of the middle cerebral
artery, and the destruction was evidently due to occlusion of this artery.
It seems probable that this occlusion occurred some time before birth,
because of two facts : ( 1 ) The arm and leg were held in a flexed position
at least as early as the first week after birth instead of being flaccid, and
(2) the right arm and leg were noted to be comparatively small at
the age of 2 months. There is no clue from the history as to the cause
of thrombosis of that artery. Enough representation of the right arm
remained in the left hemisphere to produce the recurring epileptic

seizures, and there

was slight response to stimulation ; and yet complete
did not decrease function in that limb or in the face and leg.
This argues for ipsilateral control—most in the face and leg, less in
the arm—and suggests that the only influence the contralateral cerebral
cortex exerted resulted in epileptic seizures.

extirpation

general

observations

In conclusion, it is evident that birth may produce focal lesions
of the brain in a variety of ways and with different characteristic end
results. Such lesions may be difficult of detection in later years because
of readjustments during the period of growth. The enlargement of
the skull which is so rapid in the early years of life occurs in response
to the outward thrust of the growing cerebral hemispheres. If a focal
lesion occurs in this earliest period of growth, the normal convolutions
which are capable of enlargement crowd toward this zone, which does
not grow. The rearrangement thus produced may be sufficient to pre¬
serve the shape of the underlying ventricle to a large extent, whereas
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similar lesion later in life would produce a greater corresponding
outpocketing of the ventricular wall. Consequently, decrease in the size
of one cranial chamber should be recognized as consistent with the
existence of a focal lesion of the brain early in life.
This displacement of structure may cause movement of gyri to a
distance forward or back, as in case 6, and even from the midline out¬
ward, as shown in case 8 by the lateral placement of the pacchionian gran¬
ulations and the unexpectedly lateral position of the veins, which
ordinarily leave the surface of the brain at the longitudinal fissure to
enter the longitudinal sinus.
Focal microgyria seems to be produced by the following mechanism :
The initial injury is ischemia, produced by cranial pressure during pas¬
sage of the infant through the birth canal, associated with temporary
interference with fetal circulation. Nerve cells can survive complete
anoxemia only a short time. It is possible, therefore, that the ischemia
is severe enough in the gyri in question to result in the death of neurons
and the preservation of the more resistant neuroglial cells. Thus, even
if only a few ganglion cells are preserved the general structure of the
gyrus is undisturbed, and the focal microgyria if uncomplicated presents
no adhesions. There may be whitening of the overlying pia-arachnoid,
as in case 3.
Large vascular occlusions early in prenatal or postnatal life produce
greater ventricular distortion than do the partially destroying lesions
which result in focal atrophy. Focal cortical destruction due to arterial
occlusion also occurs without overlying adhesion. Such vascular occlu¬
sion may occur during the febrile illnesses of infancy without evidence
of local infection. We suggest that it may be the result of extreme
dehydration at such times. This may well be the explanation of the con¬
dition called encephalitis of childhood.
Occlusion of a cerebral artery evidently may occur in utero, as in
case 8, in which there was no evidence of birth injury and in which
flexed posture of the upper extremity was noted at the age of 1 week
and smallness of the lower extremity at the age of 2 months. Arterial
block produces complete destruction and disappearance of normal struc¬
ture (Evans and McEachern 12). On its border there may appear nar¬
row, shriveled gyri which would seem to serve as epileptogenic foci.
Evidently in these marginal narrowed gyri the circulation at the time of
the vascular closure was reduced only enough to produce partial destruc¬
tion as in the case of simple microgyria, leaving the neuroglia, the vessels
and some of the ganglion cells.
a

12. Evans, J., and McEachern, D.: The Circulatory Changes in Cerebral
Vascular Occlusion and in Cerebral Cicatrization, A. Research Nerv. & Ment. Dis.,
Proc. 18:379, 1937.
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Meningocerebral cicatrix is obviously the result of local laceration
produces the densest sort of adhesion. These adhesions contain
anastomosing blood vessels and intermingling of connective tissue and
glia. In this case also the actual origin of discharge in an epileptic seizure
lies at the periphery of the area of complete destruction.
Infantile meningitis produces dense, vascularized adhesions between
pia and dura, irregular thickening of leptomeninges and destruction of
underlying brain, evidently by means of interference with circulation of
blood through the leptomeningeal vessels. Areas of complete destruction
may alternate with areas of atrophy and partial destruction.
Subdural hemorrhage produces adhesions between dura and pia,
but they are threadlike, often passing from dura to pial vessel and
rarely containing blood vessels. After such hemorrhage yellowing of
the pia is still present many years after birth and widening of the
intergyral fissures.
and

SUMMARY

Focal microgyria, meningocerebral cicatrix and the cerebral cicatrix
of arterial occlusion are apt to produce seizures. On the contrary, we
have not been able to prove that old subdural hematoma of itself is a
cause of epileptic seizures. It may often be associated with other lesions
and may be in a sense partly responsible for the associated intracerebral
lesion which does produce epilepsy.
In considering the problem of initial cause in the case of any person
with epilepsy, one must bear in mind the importance of minor cerebral
lesions at birth and of thrombotic or inflammatory incidents in the febrile
diseases of infancy, even though the onset of the seizures occurs only
years afterward.
In the study of such cases simple anteroposterior roentgenograms of
the skull should be examined for proportional decrease in the size of
one side of the skull. This may be taken as suggestive evidence of an
early lesion of the type we are considering (as in figure 7). Such lesions
are often amenable to radical surgical therapy.

Downloaded From: http://archpedi.jamanetwork.com/ by a New York University User on 06/20/2015

