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To explain all cases of mental deficiency on the basis of one type

of lesion is impossible and this is not my purpose. Two great

groups may be recognized and separated immediately from the

types of cases we are discussing: (i) Malformations of the cen-

tral nervous system; (2) intrauterine brain diseases. In the first

group one need only mention that tuberose sclerosis has been found

in some cases as an organic explanation for the clinical picture.

It is to be stressed here that at times only microscopic evidence of

this condition has been found, in proportion to the diligence of the

search. In looking through hundreds of sections from cases of

mental deficiency, with or without convulsive manifestations, one

is ofttime rewarded by finding occasionally the characteristic

ectopic, large, atypical ganglion cells as evidence of this condition

and an explanation for the abnormality of mental development.

It has also been shown fairly conclusively that intra-uterine

encephalitis may occur.1 This is, of course, sufficient to explain the

slow mental progress or even lack of progress in cases of this sort.

While probably not a frequent condition it should, nevertheless, be

kept in mind in the study of cases of so-called mental deficiency.

Syphilis must also be considered in any child with an inborn defect.

Abnormalities of development and diseases are many and varied

and are sufficient cause for mental defects. It is, therefore, to be

understood that the cases we have selected and are describing, are

those in which there were no gross defects of these types, and no

abnormalities of development. It is in this kind of case that the
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brain should mature normally and the child show no mental defects,

It is in this type of case that a birth trauma may be the means of

producing mental deficiency and a convulsive state.

It is now well established that subarachnoid hemorrhage is a not

infrequent finding in the new-born. That it can and does occur

without severe difficulties attending birth is well known. That it is

not the entire cause of the fully developed cerebral diplegia or

Little’s disease is probably also true, but that it does have a relation

to convulsive attacks and mental deterioration is within the realms

of possibility. It is to the latter phase that this contribution is

dedicated.

FREQUENCY OF HEMORRHAGE IN THE NEWBORN.

Cruveilhier noted, more than a century ago, that meningeal

hemorrhage was not uncommon after difficult labor. Little men-

tioned it in his monograph of 1897 only to dismiss it as a cause

of his disease. Weyhe, in 957 autopsies upon children from a few

days to six months old, found signs of meningeal hemorrhage in

122 of the cases or in 13 per cent. Since this time the relative fre-

quency of meningeal hemorrhage in the newborn has been verified

by many observers, chiefly by Sharpe’ of New York, who in the

routine performance of spinal punctures in the newborn, has found

free blood in 8 to I3 per cent of his cases. It is undoubtedly true

that in a great many cases this blood is small in amount and very

easily taken care of in the subarachnoid space, but in some there

is such an amount that it provokes a reaction on the part of the soft

meninges and the cortex. It might be interesting at this juncture

to examine in detail just what occurs when red cells become free

in the subarachnoid space.

EFFECT OF FREE BLOOD IN THE SUBARACHNOID SPACE.

(a) Changes in the Pia.-It is well known that the introduction

of free sterile blood into the subarachnoid space sets up what has

been called an aseptic meningitis. While there may be temporarily

an outpouring of polynuclear cells and later lymphocytes, there is

shortly the appearance of large phagocytic cells, the macrophages,

(Figs. i and 2). One can see in these illustrations the large phago-

cytic elements filled with blood pigment lying within the subarach-
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noid meshwork. At the same time there is a proliferation of the

fixed tissue elements, the flbroblasts. This occurs even early, and

even more so as the condition becomes more chronic, and especially

when the blood is not drained off. So great may this fibroblastic

proliferation be that there may result an obliteration of the free

spaces within the cerebro-spinal fluid reservoir. If this occurs in

the pathway of the fluid drainage towards the arachnoid villi at the

vertex, blockage occurs, with resultant secondary or communicat-

ing hydrocephalus (Dandy,’ Globus’).

A case illustrating this has recently come to my attention where

as the result of a severe trauma, in a child, there occurred a

hemorrhage into the subarachnoid space around the base of the

brain. There soon occurred all the signs of symptoms of a pro-

gressive increase of intracranial pressure which was believed to be

due to a brain tumor. A decompressive operation was performed

without relief. At death, many months later, the true nature of

the condition was revealed: complete obliteration of the spinal

fluid spaces on the inferior surface of the frontal lobes and the

cisterna chiasmatis, with back pressure, resulting in a severe internal

hydrocephalus.

(b) Changes in the Cortex.-It has come to my attention in

the pathological studies of the various forms of meningeal inflam-

mations that the cortex does not remain passive. Changes of two

types occur. In the first place as a result of the continuous irrita-

tion one sees in all forms of meningitis, and the meningeal irrita-

tion due to blood is no exception, that the marginal glial layer

shows proliferative activity. One sees very shortly a swelling and

proliferation of the marginal glia. The Cagal stain brings this out

vividly but even in the toluidin blue stains it is to be seen. One

notes in Fig. I the prominence of the marginal glial layer, brought

out even in the toluidin blue preparation. This is the type of de-

fense reaction on the part of the cortex from all other forms of

subarachnoid irritation. This marginal gliosis has been considered

characteristic of “epilepsy” but it is probably only evidence of

irritation within the subarachnoid space.

The second result from the irritation and fibrosis in the soft

meninges is the more or less marked interference with the blood

supply to the cortex so that the ganglionic elements are deprived

of their full nutriment and mild or even severe changes can result.
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The generalized gliosis of the macroglial type is a good index of

the nutritional disturbance and that is what occurs. This nutri-

tional disturbance is usually not severe enough to lead to actual

necrosis of tissue with gitter cell formation so that one looking for

gross damage to the cortex may overlook the relatively mild changes

that occur. it is this same type of change that is to be noted in the

brain of an adult, the result of general arteriosclerosis, where gros�

lesions are absent, but in looking over the cortex one sees a

generalized poverty of ganglion cells, while those that remain show

mild or even severe degenerative changes. It is because of the

mildness of the changes that the pathologist who is only trained to

pick out gross lesions finds but little wrong with the cortex in

these cases. This type of change in the ganglionic elements is illus-

trated in Fig. I, where there has been only a marked decrease in

the number of ganglion cells but those that remain show degenera-

tive changes of all sorts, mainly of the so-called ischemic type.

HINDRANCE TO DEVELOPMENT OF THE PACcHIONIAN SYSTEM.

It has been shown by Globus,’ particularly, that in some infants

brains the soft meninges may retain their embryonic character,

i. e., they show no subarachnoid space. While a developmental

fault can account for this it is just as likely to result from the

irritation of free blood in the subarachnoid space from birth

trauma even though Globus himself found no inflammatory ele-

ments present at the time of his examination. As a result of the

sealing up of the subarachnoid space, especially over the vertex

the normal development of the arachnoid villi and Pacchionian

bodies is hindered. Thus, we have found an aplasia of these struc-

tures in a small percentage of cases, and in others a poor develop-

ment of these eliminative structures.

Another phase of the same problem, which, theoretically, should

not be discussed under the designation of cerebral trauma, is, never-

theless, so closely related that it can, with benefit, be taken up here.

That is the question of cerebral anemia or anoxemia. It occurs in

the newborn when breathing is delayed for any abnormal interval.

We have learned from experimental work that the absence of

oxygen produces certain changes in the brain tissue in spite of the

apparent contrary findings of Ford4 who felt that trauma is more
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important than anoxemia. Gildea and Cobb’ are inclined to dis-

believe this and have shown that definite changes occur with

shutting down of the circulation, and they conclude that “ten

minutes of cerebral anemia is sufficient to impair cortical cells

permanently” (p. 9o1). In infants who fail to breathe at the

time of birth and therefore die, the changes in the brain are not

“fixed” long enough to enable us to study the changes under the

microscope by the staining methods now in use. It was, therefore,

extremely fortunate that I obtained the brain of a patient, an adult,

who stopped breathing for a little over five minutes during the

course of a minor operation, and then was resuscitated and lived for

five days. Here the changes were so well established that they gave

us an inkling of what happens in the newborn under similar con-

ditions. In this brain there was such extensive degeneration of

brain tissue that one does not wonder if there is a mental deficit in

a child under these conditions. This case will be described in full

in the literature. Suffice it to say here that the changes were

noted in the lining cells of the small capillaries which were so

swollen as to obstruct the lumina of the vessels. Landis’ has shown

experimentally that when oxygen is absent, fluid enters the tissues

at four times the usual speed and this may have a great bearing on

the problem. Numerous areas of rarefaction (ver#{246}dungsherde)

were interspersed in the generalized degeneration taking place

throughout the entire central nervous system. No one could doubt

the mental changes that would occur in an individual with these

changes, were he unfortunate enough to survive. These cases may

not have the clinical syndrome of cerebral diplegia, but show an

amentia, in proportion to the cortical damage.

If, however, the changes in the meninges do not occur at birth

but the fluid pathway is well established before bleeding into the

subarachnoid space occurs, then the changes in the arachnoidal

system cause a damming back of the fluid. This is the type of

change seen so exquisitely in the following case of the late infantile

form of Tay-Sachs disease: M. B., a girl of 4, whose family

history showed no abnormalities, was admitted to my service 11-5-

1929, because of failure of development. There has been inability

not only to walk and talk, but the child was unable to sit up

or support its head.

39
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On examination one noted a child who was physically well de-

veloped. The head was relatively large and the sutures wide.

Nystagmus was present. The pupils were equal and regular and

reacted sluggishly. The child appeared to be blind. It was very

restless and the reflexes difficult to elicit. Babinski reflex was

present on both sides. Athetoid movements were present in all

limbs. Hyperacusis could be demonstrated by a sudden noise

which would almost throw the child into a general convulsive

movement. While in the hospital the child had a generalized

convulsion.

Eye examination showed that the case was in all probability one

of amaurotic family idiocy, with atrophy of the optic nerves, not

of the primary variety. Both macuhe showed a rather brilliant

white centre but they merged with the surrounding retina which

was more or less granular.

An encephalogram was done by Dr. Fay, with the result shown

in Figs. 3 and 4, of marked internal and external hydrocephalus.

In cases of this sort one suspects that the usual fluid pathways

had been established and that back-pressure had gradually resulted

in the atrophy of the cortex, in the fluid field, the fronto-parietal

area as result of pressure-atrophy (Fig. 4). The old theory that

cortical atrophy is the result of the underlying cortical and sub-

cortical degeneration no longer holds, has been shown by Fay and

Winkelman.’ This has recently been impressed upon us by a case

of Schilder’s disease, in the brain of which there was the usual

severe subeortical degeneration, particularly in the occipital and

temporal areas with practically complete absence of subcortical

damage in the frontal and parietal areas. Yet in this case the

superficial cortical atrophy was intense in the fronto-parietal areas

and practically absent in the temporo-occipital areas. This case by

no means represents an isolated instance of this state of affairs.

MENTAL DETERIORATION IN ADULTS An� CEREBRAL TRAUMA.

There is a large group of adolescent and adult cases in whom

mental deterioration results from cerebral trauma. These patients

shortly after the trauma complain of dizziness and headache. Later

there are changes in disposition and character with irritability, lack

of ambition, restlessness and vague complaints that are all too

frequently classified under the heading of a “traumatic neurosis.”
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Convulsive manifestations are unfortunately common. From the

Foerster clinic in Breslau, there have been reported the results of

the encephalographic findings of gross and visible lesions in these

traumatic cases. Following their lead we have done many enceph-

alograms in the post-traumatic cases and have found two great

groups of cases: (I) Those with gross focal lesions. Here one

sees unilateral dilatation of one part of the ventricle with deviation

towards the injured side, as result of contraction of the scar tissue.

Penfield has gone into the mechanism of the histology of these

scars from the experimental angle, and has recently made sug-

gestions as to therapeusis. This group of cases does not concern us

at present. (2) Encephalography has disclosed a characteristic

atrophy of the brain following cerebral injuries. The complete

drainage of the spinal fluid system and its replacement by air has

revealed that these cases show characteristic shrinkage of the

frontal lobe, the islands of Reil and the motor and parietal areas

of the brain. The striking loss of brain volume is difficult to deter-

mine in any other way, as frequently following removal of the

brain from the skull one loses the relationship in volume in com-

parison with the cranial cavity and hence only an approximate idea

of the volume of brain loss can be ascertained. Encephalography

makes possible the viewing of the brain by the stereoscopic method

almost as though the structure were placed in the hands for in-

spection. The cortical patterns and actual relationships between

the ventricular and subarachnoid spaces can thus be determined

with great accuracy. The method further offers a means of

determining the loss of brain volume in a fairly definite manner

by the amount of spinal fluid obtained at the time of the complete

drainage. The normal amount of fluid obtained in the adult whose

skull is not deformed or unusual in size approximates 110 to 130 cc.
Many cases in which brain atrophy follows cerebral trauma yield

between 140 to 280 cc. of fluid, although the external cranial

markings and size give no indication of this apparent hydrocepha-

lus. Encephalographic findings in infancy and childhood indicate

that the brain suffers a rapid diminution in volume and shrinkage

in the fronto-parietal areas, following birth trauma, and subarach-

noid hemorrhage which is frequently spontaneously present and

unsuspected in normal deliveries. The changes which may be found

within three weeks to six months are strikingly similar to those in
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later periods of life. The process occurs rapidly and it is our belief

that they are similar to secondary pressure, especially hydraulic

pressure, over the fronto-parietal cerebrospinal fluid pathways.

There results a mechanical pressure in those areas of the brain

over which the fluid must flow to reach its point of exit, the

arachnoid villi. Increase in pressure, the result of defective elimi-

nation, registers directly upon these fluid pathways. Defective

elimination can result from impairment of the filters along the

longitudinal sinus from inflammation, edema, fibrosis, or hemor-

rhagic infiltration. The result of this long continued mechanical

pressure on the fronto-parietal cortex by what is the closest fitting

cast that can be applied to the cortex-an hydraulic cast-produces

very shortly a definite atrophy as shown by widening of the sulci.

This is recognized in the encephalogram by the increase in width

of the air pockets over the cortex. There may be another factor

concerned, and that is the concentration of the metabolic products

from the brain substance which have been emptied into the sub-

arachnoid space. One sees many times a reaction produced in the

meninges, leading to fibrosis, in cases in which breaking down of

brain substance has occurred. In case of defective elimination of

these waste substances from the subarachnoid space they are con-

centrated in the region of the Pacchionian bodies, and it is here

that the most intense fibrosis occurs in the meninges. One must

not also forget the gliosis that occurs in the cortex itself from

irrii�ation within the subarachnoid space. There may thus be estab-

lished a vicious circle.

Our own work on cortical atrophy (Fay and Winkelman’) has

demonstrated to us rather conclusively several facts: First, that

the cortical atrophy is greatest in the fronto-parietal areas of the

brain. Secondly, that this represents the fluid field of the cortex,

and, thirdly, that the atrophy is probably the result of pressure

from overlying fluid. It is exactly the same type of atrophic

changes that occurs from an overlying slowly growing tumor or

slowly expanding blood clot, except that the fluid is a much more

snugly fitting covering and does not obliterate the convolutional

markings but rather exaggerates them.

The effect on the brain of trauma whether at the time of birth

or afterwards can be so marked as to produce mental deterioration

of rather severe grade, as well as convulsive attacks. With the
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limitation of the spiiuU fluid excess by means of strict dehydration

many of these cases have shown prompt improvement in mentality,

alertness and progressive development of speech and motor facul-

ties. The subsequent development of the child with such a handicap

depends upon the amount of cerebral tissue remaining. It has been

striking to see that a fairly satisfactory degree of mentality can be

promoted even with large and gross cerebral defects. Memory is

usually acute for visual impressions, as well as auditory, as this

characteristic hydraulic pressure atrophy does not affect the tem-

poral or occipital lobes. It is extremely important to note that

these faculties remain intact while those such as judgment, be-

havior, control and inhibition as well as psychomotor activities

seem to suffer most.

CONCLUSIONS.

i. Cerebral trauma plays a part in the deteriorations of adults

and “arrested cerebral development” of infants.

2. Subarachnoid bleeding calls for repeated spinal drainage in

order to lessen the after results.

3. Encephalography gives us visual proof of the post-traumatic

atrophies present mainly in the fluid field, the fronto-parietal area.

4. Dehydration offers a means of improving the mental con-

dition of both the infantile and adult traumatic cases.
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DISCUSSION.

DR. ADOLF MEYER (Baltimore, Md.)-I am sorry that I was not present

during the whole demonstration, but I am very glad indeed to hear Dr.
Winkelman put the emphasis he does on the importance of paying attention
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to the blood in the cerebrospinal fluid. It was Dr. Charles Bagley who in

our laboratory demonstrated with experimental material the importance of

what Dr. Winkelman just mentioned and who has also shown in his practice

in the treatment of infants with blood in the cerebrospinal fluid the im-

portance of consistent and thorough drainage until the cerebrospinal fluid

has rid itself of a component which evidently is objectionable.

Dim. MORGAN B. HODSKINS (Palmer, Mass.).-Mr. Chairman, if it is true

that the drainage of cerebrospinal fluid is through the Pacchionian granula-

tions and disease of the Pacchionian granulations will cause a backing of the

cerebrospinal fluid, thereby causing atrophy of the cerebral cortex, why doesn’t

the backing up dilate the ventricles first and cause hydrocephalus? I would

like to know how Dandy’s experiments can be explained when he says that

the Pacchionian granulations have nothing to do with the drainage of the

cerebrospinal fluid.

DR. N. W. WINKELMAN.-We have published, in 1929, a complete account

of our findings in answer to the question. There is at the present time a

discussion at Hopkins between Dandy and Weed on the mechanism of

elimination of cerebrospinal fluid. I think Weed has shown very conclusively
that the interpretation which he has placed upon the Pacchionian bodies

is correct, substantiating the work of Key and Retzius many years before

in 1876. Dandy has recently published a paper on what he calls “Communi-

cating Hydrocephalus,” where as the result of obstruction at the base of
the brain there is internal hydrocephalus. He explains it a little differently

than we do. We too have found an internal hydrocephalus where there
is obstruction at the base, where, for example, in a tuberculous meningitis

which has a basal location, one gets very quickly an internal hydrocephalus,
more so than when there is obstruction near the superior sinus and when

there forms an hydraulic cast over the cortex. The best form of cast that
the cortex can have is the fluid. We have compared the cortical areas in a

case showing frontal atrophy, the areas of atrophy and the areas of non-

atrophy. The change is as night is to day, the change is so great. One can
pick out the sections without looking at the labels. The change that we have

found is a pressure atrophy, the same sort of pressure atrophy that one

gets from pressure as the result of an endothelial tumor over the cortex.

Wo do not claim to be the first to put forth the theory of the drainage of

cerebrospinal fluid through the Pacchionian bodies. That is the work of Key,
Retzius and Weed. We feel we have substantiated it.

Dim. CHAPpnu..-It was stated that the cessation of breathing caused this

rather interesting lesion. How are we to be certain that the lesion didn’t
cause the cessation of breathing? That would seem to require a little

explanation.
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CHAIRMAN DIxoN.-There may be one or two more who have questions

in mind to ask Dr. Winkelman before we close the discussion and we will
give opportunity for it, at leastwe will take advantage of the people coming in.

Are there any other questions or any other comments to be made upon
Dr. Winkelman’s paper now before we ask him to close it definitely? Doctor,
will you answer Dr. Chappell?

Dim, N. W. WINKELMAN (closing).-Again, we have a very interesting
problem that has been taken up from many, many angles. The effect of

anoxemia on the brain has been taken up before; this is not an isolated

instance. It has been taken up particularly by the Spielmeyer school and
there have been reported many cases of this kind in the literature. Anoxemia

produces on the brain cells a change which can be reproduced experimentally

as done recently by Gildea and Cobb. Landis from the University of Pennsyl-

vania has shown in a very excellent research the effect of lessening of oxygen

where fluid leaves the vessels more readily.
While the question as to which is first is an excellent one, have we put

the cart before the horse? It is really a very excellent question, but many
cases of the same sort have been reported of the same thing that leave no
doubt that the anoxemia was the prime factor; it produced the brain changes;
they were progressive and death ensued as the result of the brain pathology.
So that while it might be improper to state that death resulted from the

anoxemia, it did result from the changes that anoxemia had produced.
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