
MICROCEPHALY.*

By CLEMENS F.. BENDA, M. D.

Of the different clinical groups of mental deficiency, micro-

cephaly is one of the most important. Between a slight degree of

arrest of growth and a striking decrease in size of the brain, many

intermediary forms are found. Meticulous case study indicates

that the microcephalic type is produced by various etiologic factors

which may act on the growth of the brain and the skull.

The clinical type is reflected in the pathology, and earlier in-

vestigators placed emphasis upon the manifold pathologic pictures

which may be encountered in the study of microcephalic brains.

It seems desirable to distinguish between cases of microcephaly

which represent a primary mental defect, and those which are due

to accidental factors. There is little hope of controlling malforma-

tion, but increasing knowledge of accidental cases may eventually

lead to prevention of some of those accidents.

In a recent study of the clinical picture of hydro-microcephaly,

J. F.. McClelland 1 gave valuable suggestions for the clinical recog-

nition of this type of microcephaly and also suggested the possi-

bility of determining the type of microcephaly by encephalography.

Clinical understanding may be increased through study of the

pathology. The following cases will illustrate the two etiologic

types to which I have referred: the first, an example of a primary

developmental defect and the second, of one due to accidental

factors.

In the second volume of The Waverley Researches,2 F.. F..

Southard and 0. J. Raeder described one case of agyria which

they called the “loaf of bread” brain. My first case is of this type.

CASE 1.-Little is known about the family except that the father bad been
in prison. He was 33 years old at the time of birth of the child, and a laborer

* Read at the ninety-sixth annual meeting of The American Psychiatric

Association, Cincinnati, Ohio, May 20-24, 1940.

From the Research Department for the Study of Mental Deficiency,
Wrentham State School, Wrentham, Massachusetts, and the Department of
Neuropathology, Harvard Medical School, Boston, Massachusetts.
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by occupation. The mother was 37 years old. There was one brother in 1926.
There is no apparent mental retardation in the brother whose school work is
reported as satisfactory. The second child was our patient born Nov. 5, 1929.

The last child was a sister born in 1933. No information is available about
her. There was one stillbirth. According to the father, it was due to the
fact that the mother had a blood transfusion at the time and the baby died

in utero following the transfusion. Why the blood transfusion had been given
is not stated.

Our patient, Henry, was born at full term-breech presentation. When he

was six months of age, he was recognized as peculiar because of his in-
ability to hold up his head, and because his eyes turned in. He was afflicted

with paralysis of the extremities and his right foot was clubbed. At the age

of eighteen months, he endeavored to say “mama” and “papa.”
In 1931, the patient was in a hospital because the doctor questioned a

cerebral injury. The report of the hospital stated, “this patient evidently had

a birth injury.” X-rays showed slight gap in the lamina of the fifth lumbar
and first sacral vertebra posteriorly. Ventriculograms showed markedly

dilated ventricles and a considerable amount of air scattered over the cortex
demonstrating marked cerebral deficiency. Diagnosis: girth injury-feeble-
mindedness-nutritional anemia-cerebral deficiency.

One year later, November 1932, he was examined in the outpatient depart-
ment of the Wrentham State School. He was a delicate, poorly developed

child of three years. He had double internal strabismus. Speech: no words,
only a few sounds. Face: ovoid, high, rounding forehead. He was unable

to hold up his head. Lay on back and rolled from side to side. His mental
age was five months.

He was admitted to the Wrentham State School, June 14, 1933. It is of
great interest to note his mental development at that time. “He passed all of
the six months tests with no difficulty. Of the one-year group, he was able
to pass the imitation test. He did not sit or stand without support. He was
able to say “mama” and “papa.” He was very quiet, smiling and happy.

He could not reach well for objects but would make tentative movements
toward them. He enjoyed shaking the rattle and would laugh and smile when
doing this. He easily tired. After he sat upright for a time, he seemed to
want to lie back in a prone position.”

The physical examination at that time revealed a poorly developed, fairly
well-nourished male child of three years: “Somewhat anemic. Unable to sit

or hold up his head. Head round on the right side and flat on the left.
Right lower extremity is small and more undeveloped than the left. Right
foot somewhat spastic. Left foot flail-jointed. This was considered as prob-
ably due to birth injury. Head measurements: Circumference i8 inches,
width �f cm., length I2� cm.”

A number of epileptic seizures were observed during the following years.
In the first year, there were two or three a month. In the month of December
‘934, thirteen seizures were reported. In October 1936, twenty, and in De-
cember 1936, forty-six were noted. In August 1937, Henry bad sixty-six
epileptic seizures during the month and continued to have seizures every day
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afterwards until 1938, when the number of seizures fell to one or two a
month. In 1939, the number of seizures increased again, twelve to fourteen
being reported monthly.

A mental test in December 1938 at a chronological age of 9 years, I month,
gave a mental age of only one month. He seemed to look around a little

but his eyes were staring and he had a marked nystagmus. He held the
small rattle for a long time, but he did not seem to notice when it was taken

away from him. He lay with his body stretched out and was unable to

balance his head or sit up without support. He did not follow an object
with his eyes.

The child died at an age of xo years, i month. The body length was only
107 cm. and the physical appearance that of a child of six years. The length
of the skull was i6 cm., the width 12.6 cm. The right side was flattened,
especially upon the right occiput. The face was asymmetrical, the right side

appeared longer than the left. The ears were well formed, the hair was

thick. The teeth showed a marked degree of irregularity with two parallel
sets of teeth. The testicles were not descended. The body organs were small

and underweight but in proportion to the small size of the body. No special
developmental disorders were recognized. After opening the skull, the dura

was found to be firmly adherent to the calvarium. Between dura and brain,
there was a space of about half an inch filled with spinal fluid. The brain

weighed 1o29 grams and its volume was io� cm.3 The inferior surface of
the brain showed almost complete absence of normal fissuration upon the

temporal and the lateral parts of the frontal lobes. The gyrus rectus showed
a high degree of fissuration with microgyria. In a lateral view, the sylvian
fissure appeared well developed but the central sulcus was only slightly indi-
cated and some of the other main fissures were almost absent. Upon the
convexity, the sulcus frontalis superior appeared well developed, extending

backward to the parietal lobe. The parts near the longitudinal fissure showed
fissuration with small microgyric convolutions.

The appearance of the lateral ventricles was the most outstanding feature
in a horizontal section through the hemispheres. The left lateral ventricle
measured 25 mm. in width and 45 mm. in length; the right, 35 x 45 mm. The

cortical wall above the lateral ventricles, forming the parietal and tern-
poro-occipital regions, measured only 10 mm. in width. The medial wall
was a few millimeters thicker. The lateral cortical walls, from the
temporal opercula to the occipital pole did not show fissuration. On the
inside, the calcarine fissure was indicated by a short shallow sulcus but
other parts of the medial occipital surface did not show furrowing. The
basal ganglia were normal in size and well marked as also were the capsula
interns and the claustrum. The insula had no sulci on either side. Both
frontal lobes were incompletely separated in the midline. The corpus callosum

was absent but a protoplasmic bridge connected the frontal hemispheres.
There was only one deep fissure in the frontal lobe of each side separating

the gyrus rectus from the lateral part of the frontal lobe. Thi� sulcus,
which was probably the orbital sulcus, cut deeply into the inferior surface
of the frontal lobe. The brain tissue,medial to the orbital sulcus was furrowed
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to a great extent, revealing microgyria, whereas the flanks of the frontal

lobes were entirely without fissuration. The pathologic architecture of the
cortex of the walls of the lateral ventricles was recognizable even with the

naked eye.
Microscopically the ependyma of the lateral ventricle was almost absent,

only partly preserved at the caudal end of the ventricle and upon its medial
surface. The walls of the ventricle were formed by a fibrous meshwork.
Beneath this meshwork, a rather dark zone, extremely rich in spongioblasts
was recognizable. Outside this layer, the bundles of the optic radiation were
readily noted, running from the striatum and thalamus toward the occipital
poles. A peculiar finding in the white matter, immediately lateral to the

optic radiation, was the presence of islands of nerve cells in a line parallel
to the ventricle. The cortical gray matter measured 4 mm. in the outside

wall and up to 8 mm. in the medial wall. The cortical differentiation into
six layers was absent, the nerve cells were arranged in columns or islands,
forming cell-centers which were separated from each other by stripes of white
matter containing small glia cells. The whole appearance of the gray matter
was mottled, the outside ruffled, the surface being covered with small pro-
tuberances. No sulci were developed, resulting in the condition known as
macrogyria. The cortical layer was lined by the limitans meningea, a small
fibrous meshwork with several layers of fibroblasts.

The differentiation in the frontal lobes had progressed further, especially
in the mesial parts; the white center was broader and the cortical stratum

smaller. On the mesial surface the cortical stratum showed almost a normal
appearance; the nerve cells, however, being small in size. The orbital sulcus
was lined by a wall of gray matter which was thrown into villous-like folds,
each fold containing a central core of the limitans membrane. These loops

indicated incomplete gyri, the development of sulci being arrested. This

condition has been termed “microgyria interna.” The surface of the flanks

of the frontal lobes was ruffled. At the anterior pole, the cortical stratum
measured 12 mm. in width; at the lateral surface it measured more than 7 mm.
This gray matter showed the same mottled appearance which was previously

described. The nerve cells were not equally distributed but formed waves
and so-called “germinal centers.”

Concerning the glia, it might be mentioned that there were only ogligo-
dendroglia cells present and no astrocytes or fibrous glia formation was
recognizable. The vascular system showed slight perivascular enlargement
and necrosis. There was a slight glia reaction around the vessels and round
cell infiltration into the perivascular spaces but these processes did not amount

to an extent found in infectious diseases: This reaction may be related to
the frequent epileptic seizures which occurred during the last years of life.

CASE II.-The second case is that of a small microcephalic girl who was an
only child. The father, 30 years of age at the time of the birth of the child,

was an intelligent business man who had been operated on for goiter three
years before the patient was born. The mother was an intelligent woman of
26 years of age and was in good health until the seventh month of pregnancy

Association ATIDE 
Centre de Documentation ARIANE



1941] CLEMENS E. BENDA 1139

when she had a considerable degree of swelling of the legs and arms. No
stillbirths or miscarriages were on record.

The patient was born in a hospital and a letter from this hospital states,
“Asphyxiation after delivery and very little breathing for three hours after

which time normal breathing was established. Fontanels never showed in-
creased tension or bulging. Slight spasticity of the arms and legs noted during

the first week which has increased since the baby has grown stronger. The
baby cries now but not normally and takes 2 ounces of feeding with much

patience on the nurse’s part.
“When first seen, the baby’s physical examination was as follows: head

circumference ‘33 inches; length of body �o inches. The baby’s general
appearance was lethargic; the baby was not responsive; the eyes showed
contracted pupils. There was spasticity of the upper and lower extremities.
Knee jerks were obtained. Labor had been prolonged and the delivery com-
plicated by a prolapsed cord. Much asphyxia occurred before the baby could

be delivered with forceps.”
Three weeks after birth, she was admitted to a children’s hospital, chief

complaint, spasticity. The baby’s condition gradually improved as far as
respiration was concerned but she became more and more spastic. On ex-

amination, “She was a well-developed and well-nourished child. Head,
normal: ears and eyes negative; there was a marked generalized spasticity.
Baby acted like a decerebrate animal. Lumbar puncture was repeated and
showed normal fluid. It was felt that either a very diffuse cerebral destruc-
tion, secondary to intracranial injury, or a large hemorrhage in the region

of the medulla was present. Diagnosis: Intracranial Injury. Spastic
Paraplegia.”

About two months after birth, she was seen by an oculist who found by-
peropia in the left and right eyes, vitreous of each eye very cloudy; question

of intraocular hemorrhages in both eyes. Two months later, vitreous clearing
but no pupillary reaction and no evidence of sight. At an age of 63 months,
marked spasticity of arms and legs was noticed. Child lay in a position of

slight opisthotonus. At an age of one and one-half years, she was admitted
to the Wrentham State School. There was marked spasticity of both arms
and legs with tendency to lie with feet crossed. Marked rigidity of the legs
which resisted passive motion. The shape of the head was round; forehead
low. Circumference of head ‘43 inches, length 11.7 cm.; width 11.3 cm. The

fontanels were closed. Nystagmus of both eyes, pupils were small and reacted
sluggishly to light.

After admission, several epileptic seizures were observed; petit-mal seizures
occurred almost every day. She died at an age of two years, two months.

From the autopsy findings, a few data are noteworthy. The child with a
body length of only 25.12 inches was extremely small for its age. The face
and body appeared well proportioned. There was much difficulty in removing

the brain because the dura was firmly adherent to the calvarium. The cal-

varium was rather thick, averaging over 6 mm. The brain was round in
shape and extremely small. It weighed 250 grams including the cerebellum
which weighed 6o grams. The convolutions appeared small and irregular.
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The whole convexity was covered with a grayish-white pia-arachnoid with
much turbid fluid in the sub-arachnoidal space. There were some bluish dis-
colorations upon the convexity with depression of brain tissue. There was
also remarkable thickening of the leptomeninges of the spinal cord with
bluish-gray discoloration.

On a horizontal section through the whole brain, the large size of the
lateral ventricles was most conspicuous. The convolutions were small but
well developed. The centrum semiovale showed many smaller and larger
holes distributed rather symmetrically on both sides lateral to the ventricular

walls and separated from them by the lentiform nucleus, and at higher levels
by the corpus callosum radiation. A few small holes were found in the
basal ganglia and thalamus.

Under the microscope, the small cavities revealed a peculiar picture. Few
of these cavities were real holes, most of them were filled with a fine mesh-
work of fibers. The glia cellswere regularly distributed in a circle around
those holes and formed symmetrical patterns. Where the holes were large,
the fiber meshwork had disappeared and a cavity filled with fluid was present.

In myelin-stain preparations, the corpus callosum radiation was well de-
veloped and the optic radiation easily recognizable penetrating toward the

occipital pole. The convolutions contained myelinated cores. The patches
of softening with necrosis and cavity formation were most marked in the

lateral parts of the white matter. The cortex showed a fairly normal
architectonic with differentiation of the architectonic fields and normal fissura-
tion. A large number of the nerve cells were, however, found destroyed, and
streaks devoid of nerve cells ran radially through the gray matter. Many
of the remaining nerve cells were in a stage of disintegration and all types

of ischemic changes, atrophy, swelling and replacement of protoplasm toward

the periphery were observed.

DIScuSsIoN.

Probably the first person to call attention to the peculiar co-

incidence of macrogyria and microgyria interna was Obersteiner �

in 1902. Later, Heinrich Vogt � discussed this subject in a critical

monograph on microcephaly. I mentioned in the introduction that

Southard and Raeder 2 described a case which is very similar to

my first case in many respects. Their patient died at an age of

14 years. At an age of 12 years, he was only 3 feet 10 inches tall;

he had paralysis of the legs, and the circumference of the head

was i8 inches. At autopsy, the brain weighed 950 grams. The

fissuration of the brain was more developed than in my case upon

the inferior surface of the occipital and temporal lobes. The

macrogyria was most marked upon the convexity of the frontal

lobes. The width of the cortex measured from 6-13 mm. beneath
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AMERICAN JOURNAL OF PSYCHIATRY, Vol. 97, No. 5 PLATE 18.

A : Convexity 1 l)rain. Note the abnormal ti�surati( ii near the sagittal

sulcus and al)sence of sulcation about the frontal and occipital lobes. The
sulcus rolandi is incomplete.

B : Inferior surface of brain. Note complete absence of hssuratio:i of the

temlx)ral lobes and absence ot hssuration of the interior frontal gyms. Note
the ruffling of the surface. ( Status varurosus Retzii.

C : Brain of a normal fetus at the end of the seventh month for comparison.

At seven months the fissuration is far advanced secondary fissures are still
missing. J. Kollmann Hand Atlas Entwicklungsgeschichte. ( Fig. �2o.)

1): Inferior surface of fetal brain of the same age as C. Note the little
development of sulcation upon the inferior surface of the brain. ( Kollmann.
Fig. 622.)
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AMERICAN JOURNAL OF PSYCHIATRY, Vol. 97, No. 5 PLATE 19.

CASE I.

I l( �rizontal secti� 11 tlir ugh whole brain. �l �elin Preparation. Note
the m rmal development of I asal ganglia and the advanced development
of nle(lial parts of frontal 1 )l)es. The flanks of frontal h bes and the

parittal and ecipital lobes arc undi tierentiated.

Association ATIDE 
Centre de Documentation ARIANE



V

AMERICAN JOURNAL OF PSYCHIATRY, Vol. 97, No. 5 PLATE 20.

P.t&

A

�

A
CASE I.

A Horizontal section through left frontal lobe including tie unusually
deep orbital fissure. Nissl preparation Note the brad gray matter without
lamination in the lateral part of the frontal lobe and total absence of
lissuration. Ruffling of surface. The medial wall of the orbital fissure shows

micmogyria interna.
B )l velin preparation of basal ganglia. The lenticular nucleus and

thalamus appear normally developed. Insula is undiflementiated. ( pa=

pall�lum pu=putamen ins=-insula th=thalamus.
C : Left occipital pole. Mvelin l)repamatiol:. The calcarine fissure mecog-

nizable. The gray matter is broad and undifferentiated. Optic radiation

Present.
I): Right occipital pole. Same structure as left. (�omplete agyria ala ut

the convexity.
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CASE 2.

AMERICAN JOURNAL OF PSYCHIATRY, Vol. 97, No. 5 PLATE 21.

A : Convexity of brain. Note depression of central gvri and of superior
frontal gvrus on both sides, especially marked on the right. Thickening of
leptomeninges (lue t( subarachnoidal huiiommhages at l)irth.

B : Horizontal section through whole brain. Note enlargement of ventricles.
The white matter shows cystic degeneration on both sides especially marked
oil the right side at this level.

C : Basal ganglia and insula. Note the cystic degeneration of white matter
beneath insular cortex.

I) : \Vall of lateral ventricle and part of frontal lobe. Melin preparation.
Note the cystic degeneration of the white matter without communication

with the ventricles.
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the macrogyric areas and from 2f4� mm. in those regions which

were more differentiated. Southard and Raeder noticed the close

relationship between poor furrowing outside and indistinct layer-

ing inside. They expressed the opinion that, “the small number

of convolutions seems to be compensated for in a way by the

extreme thickness of the cortical layer.” I do not hold this view.

In observing brains of this type one is struck by their resemblance

to the embryonic brain at an age when fissuration begins and it

seems to me that the only source of explanation comes from em-

bryologic studies.5’ During fetal development, the first appear-

ance of sulci is noticed at the end of the fifth fetal month, at

which time, the lateral cerebral fissure is well recognizable, though

the insula is fully exposed. At that age, the beginning of the

sulcus centralis, the sulcus frontalis and the sulcus temporalis

superior is noticeable. Fissuration is more advanced at an age

of seven months. (Plate i8, C and D.) The temporal lobe, how-

ever, shows only the superior temporal fissure and upon the inferior

surface of the brain fissuration is still at the very beginning. The

brain of my case corresponds in fissuration to an embryonic brain

of about six months of age. There is, however, one difference

worth mentioning: the fissuration upon the mesial surface of

the brain and upon the gyms rectus has reached a higher degree

of differentiation, corresponding to a stage of embryonic develop-

ment of about eight months. It is of great interest to note that the

growth of the brain was not arrested in all regions at the same

time. (Plate i8, Fig. A and B.)

In spite of the fact that there is so much resemblance between

the simple brain pattern of the “loaf of bread” brain and the fetal

brain of an age of about six months, absence of fissuration could

as well be produced by sclerotic changes in the cortex as by

developmental arrest. Decisive for the diagnosis of a develop-

mental arrest is the internal structure of the cortical stratum. At

the end of the third fetal month, the wall covering the ventricles

presents the following layers: The lumen of the ventricle is

lined by a broad layer of ependymal cells which differentiate near

the outer border of this layer into neuroblasts and spongioblasts.

The fetal pyramidal cells migrate toward the outer surface through

the broad meshwork of spongioblasts which form the intermediate

zone. At the same time, fibers which originate in the thalamus
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and corpus striatum invade the intermediate zone. Outside this

zone, the cortical layer is formed, and consists of a broad field

of undifferentiated nerve cells, piled up into germinal centers. At

the end of the fourth month, most of the cortical neuroblasts have

completed their wandering and have reached the cortical stratum

which is still much broader than in the later stages of develop-

ment. The decrease of the size of the ventricles is mainly due to

an increase of fibers in the intermediate zone which eventually

becomes the white matter. It is important to keep in mind that

the white matter contains fibers from two different sources which

develop entirely independently of each other. The ectogenous

fibers penetrate from the thalamus and corpus striatum into the

intermediate zone and form the optic radiation in the occipital

lobes. These fibers as well as the corpus callosum radiation develop

independently from the cortical layers. It is not surprising, there-

fore, that in many cases of microcephaly, the capsula intemna and

the ectogenous fibers are well developed, even where the cells of

the gray matter are undeveloped. The second source of fibers of

the white matter is the axons of neuroblasts, the autochthonous

fibers. These fibers occupy mostly the lateral part of the centmum

semiovale. They are partly absent in the first brain which I

presented, in which the spongioblastic framework is found in its

primitive condition. This brain in its architectonic development

reflects exactly the appearance of a brain at about the end of the

fifth embryonic month, the only difference being that the ependymal

line around the lateral ventricle is partly degenerated. Only in

the frontal lobes near the midline has development progressed

further and the differentiation of gray and white matter approaches

the normal. (Plate 20, A, B, C, D.)

With regard to development of secondary fissures, there are

two views which are expressed, respectively by Bielchowsky � and

Schaffer.8 The latter believes that the primary process in the

formation of sulci is an invagination of the outside due to the

formation of a proliferative wedge of the marginal veil. Bid-

chowsky emphasized that the development proceeds from the in-

side ciutward and that the lamination of the cortical layer precedes

the formation of sulci. My observations on micro- and macrogyric

brains in microcephaly and mongolism support his view that the

loop formation of the gray matter precedes the formation of fis-
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sures. (Plate 20, A, right side.) It seems to me that the densely piled

nerve cells in the cortical stratum, after having reached a position

near the surface, have a strong tangential thrust which tends to

increase the cortical surface. Since the space is limited, the gray

matter is folded into loops. In this way, the cortex increases in

size without using more space in the skull cavity. In a later stage,

the ioops of the gray matter are separated from each other by

secondary sulci. This process does not occur before the gray

matter has reached a high degree of differentiation. Macrogyria

with microgyria intemna represents a developmental arrest at a

time before secondary sulcation has developed. The tendency to

fissuration is not recognizable before the cortical layer has

approached its definitive size and lamination has appeared.

In my case, as well as that of Southard and Raeder, no tendency

to fissuration was recognizable in those parts of the brain in which

the cortex measured almost 10 mm. in thickness. (Plate 20, A,

C, D.) The large width of the cortex is apparently not a

compensatory increase in gray matter but a remainder of an early

stage of fetal development.

It appears somewhat strange that this type of microcephaly is

associated with hydrocephaly giving rise to a “micro-hydren-

cephaly.” As result of the discussion on the genesis of this mal-

formation, it may be more easily understood that the hydrocephaly

is not due to enlargement of the ventricles but is due to a failure

of decrease in the size of the primitive brain vesicles. This failure

is due to a lack of development of the white matter, for there is

an almost complete absence of developing axon-fibers and of

myelination. One may therefore ask if the use of the term hydro-

cephaly is correct. The term “vesiculocephaly” would be more

adequate and prevent confusion with the condition of true hydro-

cephaly in which the ventricles are enlarged by increased spinal

fluid pressure.

The second case represented an arrest of growth at a later stage

but the result in both cases was the same, that is, complete idiocy,

with a mental age of about one month. In the second case, dif-

ferentiation was fair with development of primary and secondary

sulci. Microgyria resulted from arrest of further growth, which

arrest was also indicated by the small brain weight of 250 grams.

The large size of the ventricles can here also be explained by a
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failure of development of the white matter. Most interesting is

the structure of the white substance. The ectogenous fibers which

originate in the corpus callosum, in the thalamus and striate body

were well developed. Those fibers which take their course in a

centripetal direction failed to develop and those parts of white

matter which contain normally these centripetal fibers were subject

to necrosis and cystic degeneration. In discussing the first case, I

mentioned that the intermediate zone is formed by a spongioblastic

meshwork in which fibers penetrate in centrifugal and centripetal

direction. In my second case, parts of the spongioblastic mesh-

work remained like an empty net. It seems that these spaces are

prone to necrosis and cyst-formation. In the course of increased

pressure, these spaces become filled with fluid, enlarge, and the

fine spongioblastic meshwork becomes torn and degenerated. This

cystic degeneration had not yet progressed very far.

In the first case presented, there were no indications whatso-

ever of the etiological factors which produced the early arrest of

development. The clinical assumption of a birth injury is not

supported by the pathologic findings. The arrest of growth must

have occurred several months before birth. It seems impossible

that a birth injury could produce this type of brain patterns after

the brain had reached a higher stage of differentiation. There was

no evidence of syphilis or of other infectious diseases and no

traumatic incidence during pregnancy was recorded.

In the second case, there is a definite history of severe asphyxia-

tion at birth. It is therefore of interest to raise the question as

to how much of the pathology in this case is due to that incidence.

As far as the development of the brain is concerned, it cor-

responded to a normal full-term brain in its convolutional and

fissural patterns and in the development of the cortical areas and

the fiber myelination. There were no indications of develop-

mental agenesis. A brain weight of 250 grams is small for a full-

term baby but may be considered as low normal and it is not known

how much loss of weight was due to brain degeneration.

The chief pathologic feature of this case was the extensive

cystic degeneration of the white matter. It is known that the white

matter is especially vulnerable to prolonged asphyxia. The slight

degeneration found in the nuclei of the basal ganglia and thalamus

can also be explained by severe asphyxia. It is interesting to note
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that the degeneration is most extensive in those areas which con-

tain fiber bundles which myelinate after birth. Those fibers which

are normally myelinated at the time of birth are much less affected.

I have made the same observation in another case of cystic de-

generation. If it could be shown that the cystic degeneration,

sometimes wrongly referred to as porencephaly, a condition found

only in infancy, depends on the presence of unmyelinated fibers,

this would suggest an abnormal sensitivity or lowered resistance

of the immature fibers to adverse conditions such as asphyxia.

This seems to me well worth investigation.

SUMMARY.

Two cases have been presented which illustrate two types of

pathology which may be encountered in low grade idiocy with

microcephaly. The first case represents a developmental arrest

with macrogyria and microgyria intemna. In its degree of develop-

ment, this brain corresponded to the brain of a six months fetus.

The second case is one of microcephaly with cystic degenera-

tion of the white matter. History and pathology indicate that the

cystic degeneration was due to prolonged asphyxia at birth.

Both cases showed micro-hydrocephaly and the difference be-

tween this condition and true hydrocephaly has been discussed.
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DISCUSSION.

DL OSCAR J. RAEDER (Boston, Mass.).-! want to congratulate Dr. Benda
on the good fortune of finding one of these rare specimens which mean so
much to us in trying to find out how the normal brain grows and develops.
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There have been only a very few of these specimens in which the fissuration is
so markedly abnormal, as in this case that Dr. Benda shows.

Bielchowsky in Berlin described such a case, and when I was in Berlin I
discussed that case with him and also the case that I had. He knew about our
Waverley case, and he agreed that our case showed less fissuration than his.
The case that Dr. Benda shows today exhibits still less fissuration than the
Waverley case.

Bielchowsky, who has perhaps given the greatest amount of study and
thought to this subject, although Martel and Schaffer and others have done a

great deal too, divides the ventricle wall into four layers. He speaks first of
the ependymal layer and second of a narrow white layer-I say white,
because it is white matter, although in the slide shown by Dr. Benda it is

stained black. Thirdly there is a thick layer of undifferentiated cells which
later develop into ganglion cells. Bielchowsky calls this the middle zone.

Finally there is at the very outside a small layer of cortex.
Now, according to Bielchowsky’s theory, as the brain develops, the un-

differentiated cells in the middle zone develop fibers; in the brain of Bid-

chowsky’s and in that which Southard and I examined these fibers were partly
undeveloped. It seems that the proliferation of these fibers pushes these gang-
lion cells out and into the cortex, while these white fibers form a large part
of the white matter. This pushing out causes the cortex to expand and
double up into convolutions to find room for itself.

In this case, because these cells did not differentiate, did not form fibers
and did not push the cells out but remained undeveloped, they left the
vacuum which is partly filled up with fluid; and no reduplication was needed
and consequently no convolutions were formed. Southard and I found some

pathological cells such as rod cells which made us feel that some disease
process had inhibited development for a while, but that this force had spent
itself and some further development followed as seemed to be shown by a

double layer of large Betz cells in our specimen.

I agree with Dr. Benda that according to our studies of the Waverley case
and an examination of his findings the Bielchowsky theory seems to explain
the facts more satisfactorily in both our cases.
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