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I. INTRODUCTION 

A very extensive literature is to be found on the subject of birth 
injury of the central nervous system. Even in the last few years a 
number of important contributions have been made to the under
standing of this important problem. The various types of intra
cranial lesions which may occur in the passage of the infant through 
the birth canal have been described with a detail and acctiracy which 
leaves little to be desired and a very good understanding of the causes 
which lead to their production has been attained. On these p1tho
logical and obstetrical phases of the subject there is little to be said, 
because a very substantial agreement has been reached by most 
authorities. On the other hand, when we turn to the consideration . 
of the late results of such birth injuries we find little exact information 
and the greatest difference of opinion. All types of congenital paraly
ses, athetosis, epilepsy, amentia and even hydrocephalus have been 
attributed by various authors to birth trauma often without the 
slightest evidence. It is the purpose of this paper to attempt a more 
exact definition of the group of true cerebral birth injuries. This 
work is the outcome of some unpublished experimental investigations 
which the writer has performed in association with Dr. Charles 
Bagley. 

The material on which the following studies are based was obtained 
almost entirely from the records of the Harriet Lane Home for Chil
dren by the courtesy of Dr. John Rowland. Case ·histories are also 
included from the records of the Surgical Department by permission 
of Dr. Walter Dandy, and from the Obstetrical Department by per
mission of Dr. J. Whitridge Williams. I am indebted to Dr. W. G. 
MacCallum for permission to include the pathological material. 

The frequency and importance of birth in jury is easily demonstrated 
by a few :figures. One of the :first important contributions to the 
morbid anatomy was made by Weyhe (1) in 1888. He published the 
autopsy findings of 959 still-born babies. Intracranial hemorrhage 
was found in 122 of these. Spencer (2) found hemorrhage in 40 per 
cent of his cases; Schott (3) in 30 percent; Deluca (4) in 36 percent; 
Schafer (5) in 20 per cent of 680 cases; Archibald (6) in 43 per cent; 
Warwick (7) in 43 percent; Pierson (8) in 44 percent; and Crothers 
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(9) in 65 percent. Even higher percentages of intracranial hemor
rhages are found in exceptional conditions such as breech delivery or 
prematurity. Ylppo (10) found injury of some degree in 90 per œnt 
of premature infants. It is probable, however, that authors who find 
high percentages of intracranial hemorrhages include many small 
lesions which do not contribute to death. Holt and Rowland (11) in 
summary of the figures obtained at the Sloane Hospital in New York 
state that about one-third of the deaths at birth, or in the fi.rst few 
days, are due to complications of labor. 

There is some evidence that intracranial hemorrhage occurs in 
babies who survive and who may even show no clinical signs of birth 
injury. Weyhe, Doehle (12), Kundrat (13) and others have found old 
blood pigment in the meninges of children up to nine months of age 
who have given no evidence of birth injury at the time of birth. 
Recently Sharpe (14) has published the results of routine lumbar punc
ture in five series of 100 new-born babies each. In most cases the 
spinal fl.uid was removed in the fi.rst twenty-four or forty-eight hours. 
An average of 9 per cent of all new-born babies had bloody fl.uid. 
Very few of these showed any clinical signs of birth injury. Hines 
Roberts (15) has also performed lumbar puncture routinely on 423 
colored babies and found blood in 60 fl.uids, or 14 percent. Only 26 
showed clinical signs of cerebral lesions and of these 12 died. It is 
obvious that these figures can not be accepted as conclusive, because 
it is not always possible to distinguish bleeding caused by the needle 
from fresh blood already in the spinal canal. It would seem preferable 
to defer lumbar puncture until the third or fourth day when any blood 
resulting from a birth injury would be tinged yellow and so easily 
recognizable. N evertheless, these figures are not to be lightly dis
regarded as both authors have taken into consideration the causes of 
error and their figures are in substantial agreement. It is evident 
that intracerebral and subdural hemorrhages will not always reach the 
the spinal fl.uid. In fact, blood in the ventricles or the anterior sub
arachnoid space may not reach the spinal fl.uid at once. 

In summary, the conclusion seems justified that a very large per
centage of babies dying at birth, or within the first two weeks, show 
intracranial hemorrhage at autopsy. In only about one-third of the 
cases, however, is this hemorrhage extensive enough to cause death. 
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There is some evidence that a small percentage of new-born babies, 
who seem normal, or at most show mild signs of intracranial hemor
rhage, have blood in the spinal fluid. 

Il. p ATHOLOGICAL ANATOMY OF CEREBRAL BIRTH lNJURY 

A. EARLY 

A great variety of lesions has been ascribed by many different 
authors to birth injury. Weyhe described 122 cases of intracranial 
hemorrhage in the new-born. In 80 cases the bleeding was subdural; 
in 56 subarachnoid; intracerebral in 35; and intraventricular in 21. 
McNutt (16) found hemorrhages over the convexity in 8 cases and 
hemorrhage at the base in 2. Spencer reported bilateral hemor
rhages over the convexity in 29 cases and unilateral in 20 cases. In 
35 cases the hemorrhage was at the base and 7 times into the ventricles. 
Only 1 case showed hemorrhage into the substance of the brain. 
Warwick's cases showed bleeding over the convexity in 13 cases, 
bilateral in 7 and unilateral in 6; into the dura mater in 2; over the 
cerebellum in 1; and into the ventricles in 2 cases. In 2 cases of menin
geal hemorrhage there was some softening under the dot. In no case 
was there any primary intracerebral bleeding. In summary she 
states, "All authors agree on the preponderance of bleeding over the 
cerebrum, usually limited to one side." Cushing (7) stated in 1905, 
"All extensive hemorrhages I have seen have been limited to one 
hemisphere and I am inclined to think the unilateral form is more 
common." 

Holt and Howland's text book describes the findings as follows: 

The hemorrhages may be large or'\Small. If small, they are frequently 
multiple and are found scattered over the convexity. . . . . Large 
hemorrhages may be at the base or at the convexity. . . . . Convexity 
hemorrhages are rarely limited to one hemisphere, although one sicle may 
be much more affected. It is usual for the blood to gravitate towards the 
base and become diffused. . . . . Hemorrhages between the dura and the 
skull may be said never to occur except when associated with fractures. 
. . . . In large hemorrhages the brain substance is softened and in places 
may be quite disintegrated. Hemorrhages into the membranes of the 
upper part of the cord are found in a large proportion of fatal cases. 

Beneke (18) and several others have emphasized the frequency of 
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hemorrhage at the base and in the posterior fossa. Sietz (19) has 
claimed that the bleeding is at the base in half of all cases. 

Schwartz (20) has found intracerebral hemorrhages and necrotic 
areas in a large percentage of children dying in the :first six months of 
life. The most common lesions were petechial hemorrhages and 
minute necrotic areas in the central white matter and basal ganglia 
around the third and lateral ventricles. These are de:6.nitely related 
to the distribution of the tributaries of the vein of Galen; the vein 
lateralis ventriculi, vein choroids and the ventricular branch of the 
vein basalis. Such lesions are usually minute, but very extensive 
destruction of the central white matter and basal ganglia may result. 
In rare cases one or both hemispheres may be partially destroyed. 
He also describes several cases with cortical softenings which he relates 
to meningeal hemorrhages. In addition to these gross lesions 
Schwartz found evidence of a diffuse destruction of nerve tissue in a 
large percentage of infants. Brains which seemed normal grossly 
showed on microscopie examination numerous fat-laden phagocytes 
scattered throughout the brain as well as in small foci. Schwartz 
insists that the presence of phacocytes is always indicative of a patho
logical process and they are not to be found in new-born animals, 
whose brains are protected by solid skulls. Fisher (21) and Siegmund 
(22) have described similar lesions. 

Extradural bleeding, always associated with fractured skull and 
usually with laceration of the brain, has been described by Archibald 
and Ballance (23). 

Crothers (24) and Pierson have shown that injuries to the spinal 
cord and heniorrhage into the spinal.canal with, or without, fracture 
of the spine are not uncommon especially in breech extraction. 

Intraventricular hemorrhages were described by Ballantyne (25) 
and Eastman (26). Hemorrhages into the retina have been noted by 
Stumpf and Sicherer (27), Paul (28), and Jacobs (29) in from 20 to 
50 per cent of all new-bom babies. Voss (30), has been able to 
demonstrate bleeding into the inner ear in some cases. 

In recent analysis of the autopsy :6.ndings in 80 cases of still-birth 
or neonatal death, Capon (31) gives the following sources of intra
cranial birth hemorrhage: 

1. Small tentorial vessels coursing along the fibers of the tentorium may 
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be torn; the blood then collects in a film upon the upper surface of the 
cerebellum or upon the upper tentorial surface draining posteriorly around 
the occipital lobes. 

2. Vena Magna Galeni, which is frequently distorted during the moulding 
of thé head, may rupture at the point where the straight sinus is formed. 
The blood collects posterior to the mesencephalon and drains downwards 
around the cerebellum, pons and medulla. 

3. Cerebral veins, near their termin'ations in the superior longitudinal 
sinus, may be injured. . . . . The effused blood fl.ows downwards in the 
subdural space. Usually the hemorrhage is unilateral, but sometimes it is 
bilateral. 

4. Superior longitudinal sinus, transverse sinus and straight sinus. It is 
only in the most severe types of birth-injury that such examples are found. 
The infant is almost invariably stillborn. 

5. The internal cerebral veins, for instance the choroidal veins, may be 
damaged. These examples are rare, and are found almost exclusively in 
stillborn premature infants. The blood-collection may occupy the lateral, 
third and fourth ventricles; blood is also frequently found in these cases 
within the spinal membranes. 

In summary we may say that in autopsies on the new-born large 
intracranial hemorrhages are frequently found. These are usually 
subdural, less often subarachnoid; and are situated with about equal 
frequency over the convexity and at the base. When the bleeding is 
over the convexity it is bilateral in about one-half the cases, but in 
most of these cases the amount of blood is unequal on two sicles. 
Generally the blood diffuses throughout the subdural space and no 
softening of the cortex occurs, but local hematomas may occur and 
cause cortical softening. At the base large hemorrhages spread 
promptly throughout the meningeal spaces. Minute intracerebral 
hemorrhages are not uncommon in the central gray matter and brain
steni, and even large extravasations into the substance of the brain are 
sometimes found. Diffuse degenerations and focal necroses under the 
ependyma may be demonstrated in some cases. Fracture of the skull 
with extradural hematorria and fractured spines with injury to the 
spinal cord are not rare. Retinal and inner ear hemorrhages may be 
,demonstrated. 
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B. LATE 

There does not seem to be any general agreement among neuro
pathologists about the late pathological anatomy of intracranial birth 
hemorrhages. A great variety of lesions has been ascribed to this 
cause without any proper evidence. Indeed, the same end result 
may be due to several initial processes so that it is often impossible to 
distinguish between prenatal, natal and postnatal disease. The most 
important problem is the outcome of the very common subdural, or 
subarachnoid, hemorrhage over the convexity. Buzzard and Green
field (32) say vaguely, "Such extravasations (subdural) are, according 
to some observers, the cause of some cases of infantile hemiplegia or 
diplegia. . . . . The results of intracranial hemorrhage, whether 
subdural or subarachnoid in cases which survive . . . . are very 
similar. The coagulum is partly absorbed and partly organized so 
scar tissue, with or without the presence of cysts, forms the perma
nent remains" (11). Sachs (33) states that chronic "meningoenceph
alitis" sclerosis, cysts and partial atrophies are the late results of 
meningeal hemorrhages and Holt and Rowland are in essential agree
ment with this view. It seems probable, however, that some of the 
cases which were formerly described as examples of "meningoenceph
alitis" are really properly classified as "atrophie lobar sclerosis" 
which is unrelated to birth injury. 

In discussing the late results of meningeal hemorrhage it seems help
ful to distinguish between diffuse hemorrhages in the subarachnoid 
and subdural spaces, and local or encapsulated hematomas. It is 
probable that hemorrhages which diffuse do little damage to the cortex 
and either cause death from increased intracranial pressure or are 
absorbed without leaving any lasting injury to the cortex. Blood 
extravasated into the subarachnoid space is rapidly absorbed and 
usually does not leave any marked changes in the leptomeninges. 
The writer has examined the brains of two patients who had suffered 
repeated intraventricular hemorrhages over a period of a year in one 
case and two months in the other. In both cases there was merely 
some yellow staining and a scarcely perceptible thickening of the 
pia-arachnoid. Y et there had been large amounts of blood in the 
spinal fluid. Symonds (34) mentions the case of a man who survived 
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subarachnoid hemorrhage and died of an intracerebral hemorrhage 
several months later. At necropsy no evidences of the fi.rst hemor
rhage could be found. It is well known that any considerable amount 
of blood in the subdural space is organized and leaves a fi.brous mem
brane under dura. This fact is supported by clinical experience with 
va1ious types of "hemorrhagic pacchymeningitis" and by the results 
of experiment. Putnam and Cushing (35) state that when blood is 
injected experimentally under the durait is organized from the durai 
surface and a fi.brous, cystic membrane remains attached to the under 
surface of the dura. It has been pointed out in the preceding section 
that meningeal birth hemorrhages are usually in the subdural space 
and even in case the blood ruptures into the subarachnoid spaces the 
major part of the blood remains under the dura. It is evident, there
fore, that we may expect to find evidence of old meningeal hemorrhage 
in the subdural space. 

It is a common observation among surgeons that the brains of 
epileptics and diplegics show opacities of the pia-arachnoid and col
lections of fluid in between the sulci. Sharpe (36) states that this is 
the result of a meningeal hemorrhage at birth which has been partly 
organized. This appearance may be deceptive, however, and 2 cases 
are included in this paper which showed an apparent thickening of the 
pia-arachnoid at operation, but at autopsy the meninges were grossly 
and microscopically normal. It seems probable that this apparent 
thickening is really merely a meningeal edema, and not to be regarded 
as in any way the result of a birth injury. 

Campbell (37), Tredgold (38), and Cushing have described localized 
cortical defects and scars which they attribute with reason to localized 
meningeal hemorrhages produced by birth trauma. Tredgold gives a 
good description of a lesion in the brain of an epileptic with right hemi
plegia which dated from birth. The patient died at the age of thirty
three. At autopsy the lesion was confined to a triangular area over 
the left hemisphere with its base at the great longitudinal fissure and 
its apex at the anterior part of the Sylvian fissure. Over this area 
the pia-arachnoid was opaque and thickened and could not be removed 
without decort.ication. The underlying convolutions were somewhat 
distorted and atrophied. Microscopie examination showed a diminu
tion of nerve cells in the affected areas and a secondary proliferation 
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of glial tissue. The opposite hemisphere was normal and no recent 
degeneration could be demonstrated by the Marchi method. In the 
cord the motor path from the left hemisphere was diminished and 
sclerotic. The dura mater was normal. Campbell writes as follows: 

In addition to the microgyrous condition affecting idiots, described in 
the foregoing section, there is one which is very common, and though more 
frequent in the parietal and occipital lobes than elsewhere, is not restricted 
to any particular part of the brain. The diseased area varies in extent and 
is represented by a small nucleus of puckered and contracted, or wholly 
destroyed gyri surrounded by others which are attenuated and sclerosed, 
but not deformed. There may be more than one lesion, and in any case 
considerable cerebral deformity and asymmetry results. . . . . I have 
seen many cases and the distribution of the lesions and the constant signs 
of postnecrotic destruction in the center of the area suggests a vascular 
lesion . . . . at birth or soon after. 

Cushing shows an illustration of a small defect in one paracentral 
lobule causing paralysis of one leg. This he says resulted from birth 
injury. 

The possibility that meningeal or intraventricular hemorrhage may 
result in organization and obstruction of the aqueduct of Sylvius or 
the subarachnoid spaces and so cause hydrocephalus has been sug
gested. The discussion of this problem will be reserved for a later 
chapter. Suffi.ce it to say here that any large amount of blood in the 
meningeal spaces will invariably cause a severe reaction, increased 
intracranial pressure and, in infants, enlargement of the head. 

One more condition must be mentioned among the possible late 
results of meningeal hemorrhage. Schwartz, Burham and Gersten
berger (39), Doehle and many older authors, have suggested that 
"hemorrhagic pacchymeningitis" of infancy might bear some relation 
to birth injury. This problem is a very intricate one and can not be 
adequately discussed here. However, Putnam and Cushing i'n their 
interesting paper on "Chronic Subdural Hematoma" have shown 
that in cases of traumatic subdural hemorrhage large endothelial lined 
spaces form under the dura and eventually become connected with 
the capillaries and filled with blood. These structures are very fragile 
and, it is believed, that they may rupture and cause the hematoma to 
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grow. It is possible that a slight injury to the head of a child with 
such a hematoma as a residuum of birth injury might result in further 
extravasation and the development of clinical symptoms. Burham 
and Gerstenberger believe that there are two factors involved, birth 
injury and a second injury later which may be slight. This view is not 
universally held and there is some evidence against it. It is merely 
mentioned for the sake of completeness. 

The end result of the le~s•.irequent intracerebral hemorrhages is 
more clearly understood. We would eipect to :6.nd intracerebral cavi
ties containing yellow pigment usually asymmetrically situated and 
sometimes unilateral. A typical example of this type of lesion is 
described in Holt and Howland's Text Book. 

Schwartz has been able to show that the periventricular hemor
rhages and necroses which he has found in so many still-born infants 
result eventually, if the infant survives, in porencephalic cavities 
usually separated from the ventricular lumen by a thin membrane and 
crossed by trabeculae. Such cavities are often bilateral and nearly 
symmetrical and are usually considered examples of developmental 
defect. Schwartz, however, shows convincing illustrations of all 
stages in their development. He also shows beautiful examples of 
peripheral porencephalus resulting from cortical birth hemorrhage. 
Even the cases which show replacement of a whole hemisphere, or 
both hemispheres, by a thin walled sack, Schwartz believes, are due to 
birth injury. Fischer and Siegmund subscribe to these statements. 

Two types of porencephaly, therefore, result from birth injury, the 
periventricular type produced by hemorrhage from the vein of Galen 
and the cortical type due to super:fi.cial injuries. These are properly 
examples of "false" porencephaly and it is customary to distinguish 
such cases from "true" porencephaly which is regarded as representing 
a defective development of the cerebral hemispheres. Various criteria 
are given for the distinction between the "true" and "false" types, but 
Collier (40) states that these are not sufficient and the differentia
tion is not always possible on anatomical grounds. 

In summary, we would expect to :6.nd as the end result of former 
intracranial hemorrhage at birth the following conditions: Subdural 
hemorrhages might be expected to leave a fi.brous membrane under 
the dura mater containing traces of old blood pigment. Diffuse sub-
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arachnoid bleeding is probably absorbed without causing any per
manent lesions except possibly some thickening of the meninges at the 
base. Encapsulated supracortical hematomas, it seems probable, 
result in local atrophy and sclerosis with thickening and possible cyst 
formation in the overlying meninges. These changes should be unila
teral in at least half the cases and usually asymmetrical. Intracere
bral cavities (false porencephaly) of two types are to be recognized; 
those resulting from cortical hemorrhage and containing old blood 
pigment in their walls and those, described by Schwartz, resulting from 
periventricular extravasations often bilateral and separated from the 
ventricle by a thin membrane. Sorne authors state that sometimes 
hydrocephalus and "hemorrhagic pacchymeningitis" are related to 
intracranial hemorrhage at birth. 

III. CAUSES OF CEREBRAL BIRTH lNJURY 

The preëminence of trauma among the causes of intracranial hemor
rhage in infants is now almost universally accepted. Obviously any 
condition which increases the stress which the foetal head sustains in 
its passage through the birth canal will increase the chances of injury. 
Contracted or malformed pelves, rigid soft parts, precipitate or pro
longed labor, abnormal presentation, high forceps deliveries, breech ex
traction, or over-large foetal heads are all common factors which 
predispose to birth injury. These considerations are, however, out
side the scope of this paper and will not be discussed further. 

Illuminating analyses of the mechanical factors involved in birth 
injury have been published recently by Rolland (41), Greenwood (42) 
and Ehrenfest ( 43). 

The commonest type of hemorrhage which is found over the con
vexity in the subdural or, less frequently, the subarachnoid space is 
due to over-riding of the parietal bones and tearing of the tributary 
veins to the longitudinal sinus. Cushing has been able to demonstrate 
this lesion in two of his cases. He points out that these veins are 
very fragile in the infant and unsupported in the subdural space by 
Pacchionian granulations and connective tissue as in the adult. More
over, they stretch between their fixed attachment to the sinus and the 
relatively movable brain. In some cases the longitudinal sinus may 
be tom and thrombosed. 
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Ehrenfest states that infrequently a similar over-lapping of the 
parietal bones over the occipital bone and tearing of the lateral sinus 
or the veins, which empty into it, may occur, more especially in cases 
of breech extraction. 

Distortion of the head by excessive moulding is an even more impor
tant cause of dural tears. Beneke showed in 1910 that compression 
of the head in one diameter results in shortening of that diameter and 
a compensatory increase in some other diameter. Since pressure on 
the fetal head is usually antero-posterior or lateral or both, it is 
evident that the vertical diameter must be increased. This change in 
configuration is resisted by the dura! ligaments, the falx and the ten
torium, which are stretched and if the tension is great enough may be 
ruptured. Tears in the tentorium are very common and are most 
frequent near the insertion of the falx. Often the straight sinus or 
some of the larger veins are tom and a fatal hemorrhage at the base 
or over the cerebellum occurs. If the antero-posterior diameter is 
increased too much, the falx may tear, although this is not common. 
Beneke described 14 cases with tentorial tears which he had discovered 
in one hundred autopsies on still-born babies. He also published in 
detail his valuable method for the study of intracranial pathology. 
Beneke's work was soon confinned by Sietz who found tentorial lacera
tions in half his cases. Recently Rolland has given a lucid exposition 
of the forces concerned. He confirn:Ys and amplifies Beneke's obser
vations. In his series of 167 autopsies, he demonstrated tentorial 
tears in 81 and laceration of the falx in addition in 5 cases. He showed 
that permanent asymmetry of the head, the so-called oblique head, 
may result from tears in the tentorium in cases that survive. Green
wood has since made exact studies of infants' heads by plaster casts 
taken immediately after birth and again a week later. He thinks that 
in normal vertex presentations the vertical diameter is not increased. 
On the contrary it may be shortened with over-lapping of the parietal 
bones. The antero-posterior diameter is, however, definitely 
lengthened. In brow presentations and breech extractions he has 
shown the vertical diameter is always increased. 

Greenwood and Siegmund both think that the Schultze method of 
resuscitation may be a possible cause of dural tears. 

In an excellent analysis of the intracranial pressure changes in 
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breech delivery, Crothers has shown that this method of delivery im
poses a great strain on the tentorium. He points out that the force of 
uterine contraction and manual suprapubic pressure both tend to corn
press the walls of the supratentorial chamber and consequently cause 
pressure on the tentorium from above, and that traction on the body, 
which he shows is transmitted in part to the spinal cord, tends to draw 
the medulla down. The result is rupture of the tentorium and pos
sibly herniation of the medulla into the foramen magnum with injury 
to the vital centers and death. 

The cause of the multiple extravasations from 
1
the vein of Galen 

and its tributaries is believed by Schwartz to be stasis due to vasomotor 
disturbances. Rolland gives a much better e:xplanation. He points 
out that the vein of Galen extends between the fixed sinus and the 
relatively movable brain. In the process of moulding the vertex is 
raised and the vein of Gale:ti is sharply kinked and stretched. This 
will occlude the vein and may even cause rupture of the vein or its 
tributaries. Rolland has been able to demonstrate actual tears in 
the vein in several cases. 

Another factor to be considered in all cases in which there is lacera
tion of the large veins or durai sinuses is the interference with venous 
drainage which results. This must cause congestion and edema and 
add to the intracranial pressure. Dandy ( 44) has been able to pro
duce a low grade of hydrocephalus by ligating the vein of Galen near 
its junètion with the sinus. The increase in întracranîal pressure 
resulting from lateral sinus thrombosis is well known to otologists. 

Cerebral concussion and edema must result from the compression 
and moulding which the fetal head is subject to in diffi.cult labors. 
Greenwoods' casts show almost incredible distortions. "Shearing 
stress" as well as direct compression is to be considered. Schwartz 
believes that the diffuse destructive changes which he has demon
strated are due to trauma and it is possible that such changes may be 
the e:xplanation of those cases which show signs of intracranial injury 
and pressure without any bleeding to be found at autopsy. 

Prolonged compression of the trunk during breech delivery causes 
intense intracranial congestion by forcing blood out of the venous 
reservoirs of the chest and abdomen back through the incompetent 
valves of the jugular veins into the head and neck. In adults severe 
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compression of the chest has been known to cause the extraordinary 
picture of "traumatic asphyxia" (45) in which the most intense 
cyanosis of the head and neck may persist for several days. Convul
sions may occur under these conditions. 

Multiple petechial hemorrhages in the brain and meninges, es
pecially if associated with hemorrhages on the serous surfaces, are 
probably caused by asphyxia. Similar fi.ndings are seen in adults 
dying of suffocative asphyxia without head injury, and there is no 
reason to doubt that asphyxia may produce the same lesions in 
infants. There does not seem to be any clinical evidence that any 
recoverable degree of asphyxia unassociated with hemorrhage may 
permanently injure the pyramidal cells and yet spare the more resist
ant cells of the medulla. Nevertheless, Pike (46) and others have 
shown by experimental interruption of the cerebral circulation in 
animals that the cells of the medullary centers resist anemia longer 
than the cells of the cortex. The restoration of the cerebral circula
tion causes severe convulsions and if the animal survives it may show 
abnormal behavior, blindness and paralysis. No gross lesions are 
found in the brains of these animals when they are killed after several 
weeks, but microscopically necrosis of the cortical motor cells and 
degeneration of the pyramidal tracts can be demonstrated. There 
is no doubt that asphyxia increases bleeding from torn vessels by 
causing congestion, but there is considerable doubt whether it may 
produce rupture of large veins and considerable hemorrhage, unaided 
by other factors. 

An important contributing cause of intracranial hemorrhage is 
prematurity. Couvelaire (48) found 18 percent of premature babies 
born by easy spontaneous labors showed hemorrhages. Ylppo found 
intracranial traumatic lesions in 90 per cent of all premature infants. 
Most of these were unimportant, however. Paul states that the great
est incidence of retinal hemorrhages occurs in the premature. One
fourth of Warwick's cases of intracranial hemorrhage were in imma
ture infants. Browne (48) states that intracranial bleeding occurs 16 
times more frequently in premature infants than in full term babies. 
Raiz ( 49) discovered fatal hemorrhage in 23 percent of premature still
born babies and in only 5 percent of babies born at term or after eight 
months. Both Sharpe and Roberts agree that prematurity favors 
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intracranial hemorrhage. In explanation for these facts Ylppo has 
proved that the cutaneous vessels of premature babies are abnormally 
fragile. He applied suction to the skin and determined the pressure 
at which hemorrhage occurred. In mature babies a pressure of 520 
mm. Hg was required; in premature infants only 150 mm. Hg pressure 
caused rupture of the veins. He states that 7 per cent of premature 
infants are either mentally defective or develop spastic paralysis. 
Ehrenfest points out that the thinness of the premature infant's skull 
is a factor of importance in predisposing to excessive moulding and 
intracranial injury, and Schwartz found that animals whose skulls are 
solid do not suffer birth injuries. 

The importance of prolonged coagulation time, which may give rise 
to hemorrhagic disease of the new-born, was first pointed out by Green 
(50). This factor has been emphasized by Warwick, Foote (51), 
Kaiser (52), Cruikshank (53) and Rodda (54). Warwick found gross 
hemorrhages in the viscera in 8 of her 18 cases of intracranial hemor
rhages, and Rodda states that there were multiple hemorrhages in 20 
per cent of her cases. On the other hand some authors are inclined to 
attribute less importance to this factor. Holt and Rowland quote 
figures from Ritter and Townsend whose cases of hemorrhagic dis
ease all together total 240. In only 4 out of this number did intracra
nial hemorrhage occur. Sharpe and Roberts could find only 3 babies 
with prolonged coagulation time in their total number of 105 with 
bloody spinal fluid. There can be no doubt, however, that spontane
ous bleeding may occur in the skull from this cause just as it occurs in 
the abdominal viscera, and a delay in coagulation time no doubt will 
prolong the slow oozing from a small tom vessel until a large hematoma 
has accumulated. 

Syphilis and other diseases of the fetus probably play some rôle. 
Brissaud (55) and Dejerine (56) have stated that syphilis favors intra
cranial birth injury by causing prematurity. Weyhe believed that 
23 of his 122 cases of intracranial hemorrhage showed signs of con
genital syphilis. Hedren (57), however, found only 3 cases of syphilis 
in autopsies on 700 infants, 9 per cent of whom showed intracranial 
bleeding. Warwick did not find any signs of syphilis in her 18 cases. 
Sharpe and Roberts do not consider syphilis important. 

Cases of intracranial hemorrhage occurring in utero before labor 
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are not unknown. Cotard (58), Sietz Gibb (59) and Osler (60) have 
described cases of this nature. 

IV. RESULTS OF CEREBRAL BrRTH INJURY 

SIGNS OF BIRTH.' INJURY 

The early signs of intracranial hemorrhage in infants are familiar 
to all obstetricians. Recent studies have been made by Cameron 
(61), Capon, Henkle (62) and Rolland, but little of importance has 
been added to the descriptions of the older writers. If the hemor
rhage is extensive, the child may be still-born. If alive, it may be 
deeply asphyxiated and difficult to resuscitate. The "blue" asphyxia 
is of little signi:ficance, and it has been estimated that this occurs to 
some extent in 90 per cent of all new-born babies. The so called 
"pallid asphyxia" is more serious. Crothers has shown that this is in 
reality vasomotor collapse due to medullary injury. If respiration is 
established, it may be noticed in the next few days that the child is 
sluggish and unresponsive; more rarely it may be restless. The cry 
is feeble and the child does not nurse. Respiration is slow and irregu
lar and there is often some cyanosis. The pulse is usually slow, but 
may be feeble and rapid. If the bleeding is over the cortex, there may 
be local muscular twitching or general convulsions. Rigidity and 
retraction of the head are often seen. Unequal pupils, nystagmus, 
strabismus and even exophthalmos are described. The fontanels may 
bulge, but this is not always to be relied upon. Changes in the 
retina may be found. On lumbar puncture the spinal fluid is bloody 
and under increased pressure. It is not unusual to have the signs 
delayed until the fourth or fifth day, when the indications of increased 
intracranial pressure give evidence that an intracranial hemorrhage 
has been slowly accumulating. 

It is well known that some intracranial hemorrhages give no obvious 
signs. Sharpe says that scarcely any of his 45 cases could have been 
diagnosed without lumbar puncture. Roberts noted clinical signs of 
birth injury in only 14 children out of the 48 that survived. I have 
already mentioned that Weyhe and Kundrat state that it is common 
to find evidence of old hemorrhages which have caused noclinicalsigns. 
Schule (63) refers to a baby who <lied suddenly at six weeks with a 
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large hemorrhage from a tom tentorium and Manton (64) gives the 
history of a similar case in which death occurred on the tenth day from 
an extensive hemorrhage coming from a tear in the longitudinal sinus. 
Neither of these babies had shown any evidence of birth injury. 

It may be well to state here that all the signs of intracranial injury 
enumerated above may occur in cases in which no intracranial hemor
rhage is found at autopsy. It is probable that the pathology in some 
of these cases is cerebral edema from cerebral concussion, or perhaps, 
congestion. Sharpe believes he can demonstrate increased intracra
nial pressure :in these cases by the spinal manometer. I shall show 
later that children with congenitally defective brains may also show 
signs which simulate birth injury. 

The overwhelming majority of babies who show definite clinical 
signs of intracranial hemorrhage die within a few days. In one series 
which I have personally investigated only 7 out of a series of 50 in 
which the diagnosis was made survived for two weeks. It is evident 
that lesions of the neuraxis between the tentorium above and the 
phrenic nucleus below will be fatal in almost every instance. Lacera
tions of the large veins and the dural sinusesareprobablyalmostalways 
incompatible with life. Moderate supracortical hemorrhages prob
ably have the lowest mortality. 

PHYSIOLOGY OF THE INFANTILE NERVOUS SYSTEM 

This peculiar lack of signs associated with intracranial hemorrhage -::l 
in the new-born will be more comprehensible if we consider the physi
ology of the infant's central nervous system. At term the cortex 
and its projection tracts are still partially unmedullated, and, hence, 
it is generally assumed, are not functional. The pyramidal tracts do 
not become completely medullated until somewhere between the ninth 
and twenty-fourth months of extrauterine life. The segmental ap
paratus of the brain stem and spinal cord is functional and probably 
already completely medullated at birth. There is evidence that 
medullation of the various "association" tracts in the cortex continues 
for many years after birth. Two babies born in the maternity wards 
of J. Whitridge Williams, who showed all the reactions of normal 
babies including crying, nursing and vigorous movements, were found 
on necropsy to have been born without the cerebral hemispheres. 
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This observation is, in fact, a very old one and is attributed by Little 
to Ollivier. It indicates very strongly that the cortex plays no part in 
the normal activities of new-born babies. Pulse, respiratory rate, 
and temperature control are not well established at term. Tendon 
reflexes and the plantar reflexes are variable at birth and have no 
value in diagnosis as Burr (65) has shown. It would seem, therefore, 
that the normal activities of the new-born infant are all reflexes 
mediated by the brain stem and the spinal cord. However, the con
vulsions and local twitchings which sometimes result from cortical 
injuries, suggest that the cortex is not entirely insensitive to irritation. 

Thus, it seems probable that the common signs of intracranial 
hemorrhage in infants result from involvement of the brain stem, 
either directly by bleeding into the posterior fossa, or indirectly by 
increase of intracranial pressure from the accumulation of a large 
hemorrhage above the tentorium. A localized hematoma over the 
cortex may compress ànd soften the cortex without giving any signs 
of its presence except, perhaps, some local twitching of convulsions. 
Respiratory disturbances without other evidence of intracranial 
injury have been attributed by Still (66) to small hemorrhages in the 
medulla, and Kirkwood and Meyer (67) have been able to demonstrate 
a small medullary hemorrhage in such a case. 

LATE RESULTS OF INTRACRANIAL BIRTH HEMORRHAGE 

It is quite certain that some few infants survive moderately large 
intracranial hemorrhages and afterwards show no clinical signs of 
cerebral injury. Numerous articles may be found in the literature 
advocating some type of operative procedure, subdural puncture or 
spinal drainage, and always including one or two histories of children 
who have survived intracranial hemorrhages and, strange to say, 
have not developed "Little's disease" afterwards. In each case this 
remarkable outcome is attributed only to the special treatment 
advocated by the author. Cushing (68) operated upon 9 babies with 
intracranial birth hemorrhage and stated in 1908, that the 4 who 
survived were all well. Most of these children had been under obser
vation for over a year at that time. Gilles (69) reported 2 cases with 
complete recovery in children who were not subjected to operation, 
but were treated by lumbar puncture. Simmons (70) operated on a 
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child with intracranial hemorrhage who was quite well at the age of 
thirteen months. Green (71) reports 2 complete recoveries, one with 
operation and one with lumbar puncture. Lippman (72) described 
a case of meningeal hemorrhage in which only one lumbar puncture 
was performed. N evertheless, the child made a complete recovery 
without residuum and developed normally. Brady (73) published 2 
similar cases treated by spinal puncture. These children were well at 
the ages .of three and fourteen months. Foote has followed a child 
who had a meningeal birth hemorrhage for four years and another 
for six years. Both these children are quite well. They were not 
subjected to operation. Rodda found 2 children who had shown blood 
in the spinal fluid at birth perfectly normal at the ages of four and ten 
months. Vaglio (74) reports 1 case of a child treated by lumbar 
puncture who is normal at six months. Munro (75) has published 
case histories of 9 children who survived intracranial hemorrhage and 
were well at the ages of one, six, nine, one, one, eight, eleven, eight and 
ten months. Most of these children were subjected to two lumbar 
punctures and no craniotomies were performeèl on the children who 
survived. Roberts does not believe that any of the 48 babies in his 
babies in his series who showed blood in the spinal fluid are going to 
develop diplegia, although the period of observation is still too short 
to be conclusive. The writer has been able to fmd records of three 
children who survived intracranial hemorrhages at birth and were 
well at the ages of six months, one year and nine months, and two years 
(see appendix A). In confirmation of these statements it may be 
mentioned that it is unusual for subarachnoid hemorrhage in adults to 
result in local cortical lesions. The writer has observed eight cases of 
primary subarachnoid hemorrhage all of whom recovered without any 
sign or symptom of cortical damage. One of these patients eventually 
had a recurrence and came to autopsy. No lesion of the brain was 
found. 

Since the publication of Little's famous article in 1862 many divers 
clinical syndromes have been attributed to the more severe birth 
injuries. Spastic diplegias, hemiplegias, monoplegias, congenital athe
toses, epilepsy, idiocy, and hydrocephalus are the most important. 
Cerebral diplegia, most frequently called "Little's disease," is, how-
ever, considered the most typical example of the late results of birth 
in jury. AU these conditions will be discussed in the following sections. 

y 
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V. RELATION OF CEREBRAL BIRTH INJURY TO SPASTIC PARALYSIS 

CONGENITAL DIPLEGIA 

This is the commonest type of congenital cerebral paralysis, occur
ring in the Harriet Lane Home records many times more frequently 
than congenital hemiplegia. It may be de:fined as a congenital con
dition of spastic weakness which affects the legs more than the arms or 
the legs alone. The most severe cases show general rigidity of the 
extremities and bulbar palsy. The mildest cases show only slight 
spasticity of the legs and a tendency to walk on the toes. These are, 
in fact, paraplegias. In hemiplegia and double hemiplegia it is the 
rule in infants, as well as in adults, for the arms to be more severely 
affected than the legs. These distinctions make th~ differentiation 
of diplegias and double hemiplegias possible in most cases. Diple6ria 
is associated almost invariably with some degree of mental defect and 
not infrequently with epilepsy and microcephaly. Severe forms are 
evident at .birth. Milder forms are not usually noticed before the age 
of six months. The tendency in some cases is towards limited im
provement. If there are frequent convulsions the course may be 
slowly progressive. Choreiform, athetotic, flaccid and ataxie varieties 
are described, but are less frequent than the spastic type. It is evi
dent that the postnatal progressive diplegias should be excluded from 
this group, although Collier has shown that they bear a fairly close 
relationship to some of the congenital diplegias. The distinction 
which Little made between rigidity and weakness has been supported 
by continental writers, but it is diffi.cult, if not impossible, to main tain. 

Historical 

In 1862 Little's (76) paper entitled "On the Influence of Abnormal 
Parturition, Diffi.cult Labors, Premature Birth, Asphyxia, Neona
torum, on the Mental and Physical Condition of the Child, Especially 
in Relation to Deformities," appeared in the Transactions of the Ob
stetrical Society of London. It is evident from the follo-.ving extract 
of that article that Little believed that asphyxia was the most impor
tant factor in the production of diplegia. He says, 

N early twenty years ago, in a course of lectures published in the Lan cet, 
and more fully in a Treatise on Deformities, published in 1853, I showed that 

Association ATIDE 
Centre de Documentation ARIANE



CEREBRAL BIRTH INJURIES AND THEIR RESULTS 141 

premature birth, difiicult labors, mechanical injuries during parturition to 
head and neck, where life had been saved, following the act of birth were 
apt to be succeeded by a determinate affection of the limbs of the child, 
which I designated spastic rigidity of the limbs of new-born children, 
spastic rigidity from asphyxia neonatorum. . . . . 

Little did not attribute diplegia to gross hemorrhage, although this 
view is often attributed to him. 

McNutt (77) in 1885 was one of the first to ascribe diplegia defi
nitely to meningeal hemorrhage. She described the anatomical 
findings in ten babies dying of birth injuries and some months after
wards, reported a case of diplegia which she believed had resulted 
from a meningeal hemorrhage at birth. McNutt's paper was pre
sented before the American Neurological Society as a thesis for admis
sion and attracted universal attention. Many neurologists accepted 
her views, preëminent among whom was Sir William Gowers (78). 
Marfan (79), Raymond (80), Taylor (81), Osler (82) and many others 
have since lent their support to her theory which is now held by most 
pediatricians and neurologists with certain notable exceptions. Re
cently Cameron and Osman (83) and Sachs (84) have declared their 
belief in the meningeal hemorrhage theory, but it must be admitted 
that they have failed to offer any convincing evidence to support 
their opinion. 

Brissaud, in 1894, influenced by the high incidence of prematurity 
in diplegic infants, suggested that the determining factor was pre
maturity which interrupted the development of the pyramidal tracts. 
He excludes cases with mental defect and epilepsy. According to 
Brissaud, the pyramidal tract has just reached the medulla at the 
seventh month of fetal lif e and premature birth at that time will 
cause generalized rigidity. At the eighth mon th the pyramidal fibers 
have reached the thoracic region and arrest of growth will cause para
plegia. After birth the pyramidal fibers may still growslowly,hence 
these cases tend to improve, even to recover. Marie (85), Dejerine, 
and Van Gehuchten (86) have subscribed to this view with only minor 
reservations. 

Freud (87) stated in bis elaborate monograph of 1897 that he was 
unable to find any evidence that diplegia was due to birth injury. 
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He believes that premature, precipitate and difficult labor and asphyxia 
are all the result of the same causes that produce the diplegia. He 
shows that cases of diplegia dating from birth sometimes occur in the 
same families in which post-natal progressive diplegias develop, and 
assumes that the causes are similar. He refers to cases reported by 
Freer (88), Krafft-Ebing (89), Newmark (90), and Pelitzaeus (91) 
in support of these statements. Freud distinguishes very clearly 
between diplegias and double hemiplegias. Hemiplegias and double 
hemiplegias result from gross lesions, often birth hemorrhages; diple
gias are the result of degenerative processes. 

In 1900, Collier published an exhaustive analysis of the cerebral 
diplegias, including both anatomical and clinical evidence. He sub
jects the meningeal hemorrhage theory to very pertinent criticism and 
concludes that the pathological process is that of a neuronic degenera
tion which is usually pre-natal and non-progressive, but may be post
natal and progressive. Sorne cases, he adroits, may be due to congeni
tal defect. Withfew exceptions his views are identical with those of 
Freud. More recently Collier (92) has again illuminated the subject 
with a vigorous statement of his original point of view. His argu
ments will be given in greater detail in the discussion,of the pathology. 

Thus, five principal theories have been advanced to account for 
cerebral diplegia; that it is due to asphyxia, to meningeal hemorrhage, 
to an arrest of development resulting from prematurity, to a degenera
tive process in utero, and to a congenitally defective development of 
the brain. 

Discussion 

The reas◊ns for connecting birth trauma and diplegia are not hard 
to find and a great deal is to be said both for and against this theory. 
We have seen that birth injuries are extraordinarily frequent, even in 
easy and apparently normal labors. It has been shown that although 
a great variety of intracranial lesions may occur, in infants born dead 
or dying soon after birth, one of the commonest lesions is a hemorrhage 
over the convexity near the midline so situated as tocompress the cor
tical leg center. Such extravasations may be bilateral. Hemorrhage 
here can not diffuse so rapidly as at the base, where the subarachnoid 
spaces are larger, but is more apt to form an encapsulated hematoma 
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and compress the cortex. It is an old observation that diplegic babies 
are commonly premature, and are often born by precipitate or pro
longed labor; all conditions which we know predispose to intracranial 
hemorrhage. These infants are difficult to resuscitate, cry feebly, 
nurse poorly and, not infrequently, have convulsions; all of which are 
suggestive of birth irijury. When it becomes evident, in a few months, 
that mental development is not progressing properly and that the 
child is diplegic, the conclusion that these symptoms are the result of 
birth injury is almost irresistible. 

On doser scrutiny the evidence that diplegia is due to meningeal 
hemorrhage is not conclusive, and there are many facts that point to a 
pre-natal cause. I am not aware that any large series of cases with 
definite clinical signs of intracranial hemorrhage at the time of birth 
have been followed to their ultimate outcome. This, indeed, would 
be every difficult to do because almost all cases with severe signs die 
in a few days or weeks. I have been unable to find a single report of a 
case of true cerebral diplegia in which the occurrence of an intracranial 
hemorrhage at birth was established. The direct evidence is, there
fore, unavailable. The fact that extensive cerebral lesions are found 
in infants that die promptly is no proof that lesions of similar magni
tude exist in infants that survive. It is well known, moreover, that 
meningeal hemorrhage in adults usually does not injure the cortex. 
Even the demonstration of blood in the spinal fluid can not be ac
cepted as always indicative of brain in jury. If Sharpe and Roberts are 
correct in their estimate that about ten percent of allnew-born babies 
have blood in their spinal fluid, it is evident that in the vast majority 
of cases it does no harm. The frequent, but not invariable, occur
rence of difficulty in establishment of respiration, feeble cry and poor 
nursing may just as well be attributed to a congenitally defective 
nervous system as to a birth hemorrhage. The same argument may 
be advanced to explain the convulsions. Congenital defects of the 
nervous system are not at all rare, and every obstetrician is familiar 
with the grosser malformations. Indeed, 25 per cent of all diplegics 
are microcephalic. 

It does not seem probable that asphyxia alone without gross hemor
rhage can be of much importance. Little himself says, "It is obvious 
that the great majority of apparently still-born infants, whose lives 
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are saved by the attendant accoucheur, recover unharmed from that 
condition." Manton states that he has been unable to connect as
phyxia with paralysis or other abnormalities of the nervous system. 
Buchardt (93) in a series of ninety babies deeply asphyxiated found 
only one abnormal later. Beatus (94) at Breslau came to the same 
conclusion. Walter Hannes (95) has followed three series of 150 cases 
each. The :first group consisted of babies who were deeply asphyxi
ated and delivered by forceps, the second series consisted of babies 
not asphyxiated but delivered by forcer:;s and the third included only 
babies normal in all respects. After some years the largest percent
age of abnormalities of the nervous system was found in the third, or 
normal group, i.e. , 3.4 per cent. The :first and second groups showed 
3.2 per cent and 3.3 per cent abnormalities of the nervous system 
respectively. 

Brissaud's theory that prematurity is the important cause in the 
production of diplegia can not account for more than a certain per
centage of all cases becaù.se far more than 50 per cent of cases are born 
at term. Brissaud, indeed, restricted his group so as to exclude all 
cases which were not premature. We shall see in the discussion on the 
morbid anatomy of diplegia that there is some pathological evidence 
to support his theory, that there is an arrest of development of the 
pyramidal tracts. There is no doubt, however, that over 90 percent 
of premature babies that survive complete the development of their 
nervous system in time, and it is well known that medullation con
tinues long after birth under normal conditions. 

In the present imperfect state of our pathological knowledge of this 
subject, it scarcely seems justi.fied to minimize the distinction between 
the congenital diplegias which tend to improve and the post-natal 
progressive cases, although Freud and Collier have shown that transi
tional cases occur. However, it is impossible to explain all cases of 
diplegia on one basis and we shall see in the next section that several 
different pathological conditions underlie this clinical syndrome. 

Pathology of cerebral diplegia 

The cerebral lesions that have been found in cases of cerebral diple
gia are not always the same, and a great difference of opinion exists 
about their significance. Such cases corne to autopsy long after the 
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active process has ceased and the end results may give little informa
tion about the original causes. The subject is further complicated 
by the fact that many authors do not give any accurate clinical classi
fication of their cases. 

Osler collected 31 diplegias and paraplegias. In 17 of these the 
pathological anatomy was available. In 3 cases bilateral porence
phalic cavities were found. In the remaining 14 cases diffuse atrophy 
and sderosis was the only finding. 

Freud stated in summary of the large number of cases he had col
lected that the pathology of cerebral diplegia was a degenerative 
process and distinguishable from the lesions which result from birth 
injuries. He pointed out that the gross lesions sometimes described 
in diplegias could not serve to explain the symptoms which were due 
to neuronic degeneration demonstrable with certainty only with the 
microscope. Collier demonstrated in 1900 that the typical pathologi
cal picture was a diffuse symmetrical atrophy of both hemispheres 
with destruction of nerve cells and proliferation of glial tissue. The 
meninges are una:ffected. In early cases the gross àtrophy and gliosis 
are less evident and the degenerative process in the neurons is more 
conspicuous. The convolutional pattern of the hemispheres, which is 
established by the seventh month of fetal life, is usually normal but 
not infrequently shows evidence of interference in development long 
before birth. Sometimes the pyramidal tracts are absent; sometimes 
they are degenerated. Porencephaly of various types is found, but 
Collier very plausibly argues that these are cases of double hemiplegia, 
not true diplegia. He shows that the famous case reported by McNutt 
can not be in any way related to meningeal hemorrhage. Indeed, 
Welch, who made the pathological examination, states clearly that the 
process originated in the deeper layers of the cortex and involved the 
superficial layers least of all. Collier's own cases were all progressive 
post-natal cases and the pathology in these cases can scarcely be 
considered directly applicable to the problem of the congenital cases. 
In support of these statements Collier refers to autopsies by McNutt, 
Marie, Jendrassik, Warda, Mya and Levi, Sachs, Cotard, Schultze, 
Anton, Money, Hennoch, Forster, Isambert, Bechterew, Russell, 
Robin, Friedman, Muratoff, Schmaus, Gee, Richardiere, Bournville 
and Brissaud, Dejerine and Sollier. 
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Campbell describes the pathological condition which Freud and 
Collier believe is the basis of cerebral diplegia under the title of "lobar 
agenesis with sclerosis and microgyria." Buzzard and Greenfield 
employ the term "atrophie sclerosis," which they say gives rise to 
some types of idiocy, diplegia and microcephaly. Their description 
is as follows: 

Macroscopically, the chief appearance is that of atrophy, either localized 
or a:ffecting to a greater or less extent the whole brain substance. In slight 
cases the convolutions when stripped of their meninges appear normal, but 
examination with a lens reveals here and there depressions or scar-like 
puckerings. The surface may have a fi.nely worm-eaten appearance. In 
some advanced cases the convolutions may be irregular, atrophied, firmer 
than normal, and unlike healthy brain substance. In extreme degrees of 
the process the convolution is represented by a thin leaf of fi.brous sub
stance, the so-called "parchment-like convolution." Sections of such areas 
show numerous small cavities in the gray matter. The parts of the rnid
and hind-brain associated with the sclerosed areas fail to develop, and the 
cerebral peduncles are smaller on the affected side. Microscopically the 
condition is one of neuroglial overgrowth associated with degeneration of the 
neuron substance. The process appears to affect primarily the deeper 
layers of the cortex, and spread thence to the underlying white matter and 
to the superficial layers of the cortex. 

The authors consider this condition a congenital abnormality due to 
some pre-natal morbid process. 

Hammarberg's (96) classical paper contained the description of 9 
brains of idiots with various degrees of spastic diplegia. In each case 
a congenitally defective brain was found. In 4 cases there was com
plete amentia and severe spastic paralysis. The brains showed only 
one layer of cortical cells much diminished in number. These cells 
resembled the cortical cells of the fetus of five months. In 2 cases 
with some degree of mental development the cortex showed the de
velopment of a normal child of about one year. One of these children 
was severly paralyzed and its motor cortex showed very few giant 
cells. The second child had much better motility and the giant cells 
were correspondingly more numerous. Three more brains of children 
with slight or moderate amentia were studied. Two of these 3 pa
tients were diplegic and few giant cells were to be found in their motor 
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cortex. The third child was not spastic and numerous giant cells were· 
demonstrable in the motor area. Greenfi.eld and Buzzard say 
"Another type of developmental defect associated with cerebral diple
gia is shown by those brains which present the features associated 
with the early months of fetal existence, and which do not show the 
division of the cerebral hemispheres into numerous convolutions." 
They give an illustration of a brain of this type. 

Ganghofner (97) has reported three cases of congenital diplegia in 
which the brain was grossly normal in every respect. Microscopie 
examination revealed nothing abnormal, yet he believed that there 
was probably some decrease in the pyramidal fi.bers in the cord which 
he could not demonstrate. The Betz cells in the motor cortex were 
normal. Two valuable papers have been published by Spiller (98), 
one in 1898 and one in 1905. In all he describes 3 very instructive 
cases of congenital diplegia with autopsy. All these brains were 
normally convoluted and showed no gross lesions. One was under 
normal size. Microscopie examination showed normal Betz cells in 
the paracentral lobule in each case, but in 1 case they seemed somewhat 
diminished in number. The pyramidal tracts in the cord showed no 
degeneration, but in 2 cases the fi.bers seemed abnormally fi.ne. In 
the third case the pyramidal fi.bers seemed entirely normal, and Spiller 
could only conjecture that they did not reach the lumbar cord in nor
mal numbers. This could not be actually demonstrated, however. 
Rhein (99) of Philadelphia has also contributed cases similar in every 
way to those described by Spiller. The motor cortex was normal 
except for the absence of Betz cells. The pyramidal tracts in the 
cord were abnormally fi.ne but no degeneration could be found. 
Biswanger (100), Gerlich (101), Otto (102) and Haushalter (103) and 
Collins have also described similar cases. Many of these brains in 
which no defi.nite anatomical basis for the rigidity could be found were 
studied before the introduction of modern histological methods. In 
some cases it is possible that the symptoms depended on basal ganglia 
lesions which were overlooked or could not be demonstrated. 

Batten (104), whose exhaustive knowledge of the neurologica1 
affections of childhood enabled him to speak with authority, stated 
that cerebral diplegia is the result of four different pathological con
ditions; "atrophie sclerosis," arrested development of the brain, intra-
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uterine occlusion of the cerebral vessels, and various types of menin
gitis. It is evident that he used the term diplegia to include all 
bilateral paralyses of cerebral origin. "Atrophie sclerosis," Batten 
believed, is the most frequent of all types of diplegia. 

We must admit that it is possible for symmetrically placed lesions 
over the convexity near the midline to simulate the clinical picture of 
œrebral diplegia exactly. No doubt, bilateral meningeal hemor
rhages may cause such a syndrome in rare cases, although the writer 
has been unable to find a report of any case of true congenital diplegia 
in which this lesion was found. Another possible cause of diplegia is 
thrombosis of the longitudinal sinus. Sir William Gowers stated that 
he believed some diplegias were due to sinus thrombosis, although he 
had no anatomical evidence to support the theory. In 1915, Holmes 
and Sargent (105) reported some cases of gunshot wounds of the ver
tex which involved the longitudinal sinus and produced a cerebral 
paraplegia with less severe involvement of the arms. Cushing (106) 
believes that it is the laceration of the cortex and not occlusion of the 
sinus which causes the paraplegia in such cases. More recently, 
Wilson (107) has published a case of paralysis of the legs resulting 
from syphilitic thrombosis of the longitudinal sinus in an adult. The 
writer has included in appendix C the case of a child in which throm
bosis of the longitudinal sinus occurred at birth or very soon after
wards and resulted in general rigidity. Had this child lived it is 
possible that a picture similar to congenital diplegia might have de
veloped. A similar case is also abstracted in which recovery without 
residual symptoms occurred. However, the anatomical evidence 
lends no support to the possibility that either meningeal hemorrhage 
or thrombosis of the longitudinal sinus is a frequent cause of congenital 
diplegia. A certain percentage of the bilateral congenital paralyses 
are due to porencephalic cavities in both hemispheres Etiologically 
these cases are different from the true diplegias and it is often possible 
to distinguish them clinically, since lesions deep in the hemispheres 
produce bilateral hemiplegias and not true diplegias. It seems im
portant to make the distinction between diplegias and double hemi
plegias whenever it is possible to do so. 

The pathological anatomical basis of congenital athetosis is de
scribed by the Vogts (108) under the term of "étât marbré." In 
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this condition the lesion is restricted to the caudate nucleus and the 
putamen and consists in scattered areas in which nerve cells are 
absent and seem to be replaced by a fine network of medullated nerve 
fi.bers . In Weigert myelin stain preparations the striatum has a mot
tled appearance, hence the name. In a recent article the Vogts state 
that they now regard this condition as the result of a pre-natal process. 

A nalysis of cases from the Harriet Lane Home for Children 

Two hundred and thirty-five cases of bilateral spastic paralysis are 
to be found in the records of the Harriet Lane Home. The writer has 
analysed 200 of these. These children were seen in the out-patient 
department, usually in early infancy. In many cases it was impos
sible to obtain an accurate history because of language difficulty or 
ignorance of the parents, but on the average the histories were fuH 
and usually contained negative as well as positive statements about 
birth and early infancy. Almost without exception these children 
suffered from severe malnutrition and the neurological condition was 
often completely overshadowed by their metabolic disturbances. De
tailed neurological examination was often impossible because of ill
ness or early age. Many of ' these children died while still under 
observation, although few were followed beyond a few weeks; and the 
majority probably failed to reach the second year. Under such cir
cumstances it is impossible to differentiate this group with more than 
approximate accuracy, and, although it is certain that most of these 
cases are true diplegics and paraplegics, no doubt there are double 
hemiplegias included, and it is probable that a number of birth injuries 
are scattered through this group. A history of abnormal labor was 
obtained in only 15 per cent of cases. Convulsions at birth or in the 
first two weeks occurred in 16 p~r cent, and feeble respiration and 
nursing were noted in about 32 per cent. A history of prematurity 
was given in 33 per cent of cases. It is not wished to put too much 
stress on these figures because of their probable inaccuracy, but we 
will find in the analysis of the asymmetrical paralyses that a very 
much greater number qf abnormalities of labor are reported. On. 
examination, 71 or 35 percent showed heads below normal size. Men
tal defect obviously could not be estimated accurately, but was almost 
invariably present. The most striking fact was the perfect bilateral 
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symmetry of the motor disturbance. In only 5 cases out of 200 
was there any preponderance of paralysis on one side. This fact is 
hard to reconcile with the theory that such cases are due to birth 
injury, as we have found that in at least half the cases of hemorrhage 
over the convexity the extravasation is confined to one side, and when 
itis bilateral it is usually of unequal extent. Hence, we would expect, 
if birth injury were the true cause, to find just as many hemiplegias 
as diplegias and unequal involvement of the two sicles in the diplegias. 
However, only seventeen congenital hemiplegias are to be found in 
the Harriet Lane records. It seems probable that most of the 5 cases 
in which the motor disturbance was asymmetrical were true birth pal
sies. However, the brain of one child with slightly unequal involve
ment of the two sicles showed "atrophie sclerosis" at autopsy. 

Autopsies on 6 diplegics1 were secured, none of which revealed any 
condition to be attributed to birth injury. Two brains showed no 
gross abnormality. Only one was examined microscopically and no 
degenerations were found. These 2 cases, therefore, fall into thegroup 
described by Spiller. Three more brains showed the gross appearance 
of "atrophie lobar sclerosis," and one which was examined microscopi
cally showed the characteristic appearance of that condition. The 
fifth brain was malformed, showing absence of the anterior corpus 
callosum, septum lucidum, fornix and falx. 

It is interesting that Sachs and Osler found hemiplegias more fre
quent than diplegias, although many times as many diplegics as 
hemiplegics are included in the Harriet Lane records. It is probable 
that the tendency to nutritive disturbances and early death in the 
diplegic group may account for this discrepancy, as most of these 
children die before they reach the neurologist. 
· In conclusion we may say that true congenital cerebral diplegia is 

apparently unrelated to birth injury or meningeal hemorrhage. It 
depends on at least three anatomical conditions. Perhaps the com
monest pathological picture is the so-called "atrophie lobar sclerosis" 
as described by Collier, Freud and others. The brains described by 
Spiller, Rhein, and Ganghofner which show slightdefectin the pyrami
dal tracts undoubtedly constitute a distinct type of diplegia, which is 

1 A seventh necropsy has been secured recently. Grossly the brain is normal. Micro
scopie sections are not yet available. 
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probably to be regarded as a defect of development. The simply 
convoluted brains which indicate disturbances in development in the 
early months of Ietal life are another type. The athetotic cases, the 
Vogts have shown, are dependent on the condition known as "étât 
marbré." It is probable that spastic diplegia may be simulated by 
gross lesions including birth injuries, but it does not seem probable 
from the material available that any considerable percentage of cases 
can be accounted for in that way. Cases of birth in jury are probably 
always to be distinguished from true diplegia anatomically, and the 
differentiation can usually be made clinically. 

CONGENITAL MONOPLEGIAS, HEMIPLEGIAS AND DOUBLE HEMIPLEGIAS 

In 1889, Osler wrote as follows, 

In infantile hemiplegia a great majority of the cases occur within the :fi.rst 
three years of life, and in only a limited number is the condition congenital, 
either the result of intra-uterine disease or of accident during parturition. 
In bilateral hemiplegia and paraplegia the reverse holds good; in a large 
proportion of the cases the trouble dates from birth and is the result of 
injury to the child during its passage into the world. 

Osler did not distinguish between double hemiplegias and diplegias, 
but his excellent description leaves no doubt that he was dealing with 
true diplegias. 

Freud and Collier have taken a very different, almost exactly 
opposed, point of view. Collier concludes that monoplegia, hemi
plegia, and even double hemiplegia may result from gross cerebral 
birth injury, but never true diplegia. He admits, however, that 
it may be impossible on clinical grounds to distinguish double 
hemiplegia from severe diplegia with general rigidity. The writer is 
entirely in sympathy with these views. 

Batten believes that there are three pathological bases underlying 
congenital hemiplegias; unilateral arrest of development, intra-uterine 
occlusion of the cerebral vessels and birth injury to the cortex. The 
vascular lesions are the least ftequent, he thinks. Unquestionably 
the great majority of infantile monoplegias and hemiplegias are 
acquired in the early years of life, as Osler states, but a considerable 
percentage of cases are congenital, and without doubt most of these 
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are the result of birth trauma. Indeed, Osler found 9 among his 120 
infantile hemiplegias in which he believed such an etiology was prob
able. The writer discovered 17 congenital hemiplegias and mono
plegias in a total number of 45 in the Harriet Lane Home records. 
These case histories are given in brief in appenxix C. In addition 8 
congenital hemiplegias with focal convulsions were found in the records 
of the surgical department. In these cases operative notes are avail
able. Brief abstracts are given in Appendix E. One case of congeni
tal spastic paralysis of the leg is described in Appendix A. Eight 
cases of congenital spastic paralysis were found in a total of 200 
cases of hydrocephalus. These are abstracted in Appendix D. The 
pathological anatomy was available in 10 cases in all. In 3 hemiple
gias there was evidence of old organized subdural dot with atrophy 
and scarring of the cortex beneath. In 2 hemiplegias and 1 mono
plegia there were found porencephalic cavities in the cortex. In 3 
more hemiplegias there was local atrophy and scarring with thickening 
and cyst formation in the overlying pia-arachnoid. In 1 case of 
bilateral hemiplegia the periventricular type of porencephaly of 
Schwartz was found. In comparing these hemiplegias and monople
gias with the true diplegias the following facts seem significant. In 
these asymmetrical paralyses there is a history of abnormal labor in 
an extremely large (circa 70) percentage of all cases. The heads of 
these children are of normal size or even larger than normal, and some
times asymmetrical. Intelllgence is comparatively unaffected. The 
pathological findings are consistent with the diagnosis of birth injury. 

Another group of cases may be considered with profit at this junc
ture. The condition known as "hemorrhagic pacchymeningitis," 
or infantile subdural hematoma, presents an interesting analogy to 
the meningeal hemorrhage which occurs at birth. The extravasation 
in "pacchymeningitis" is over the convexity and is often bilateral, in 
addition it is in some cases of traumatic origin. The clinical signs 
include papilledema with hemorrhages in the retina, enlargement of 
the head, vomiting, meningeal irritability and retraction of the head. 
There are usually no signs of focal cerebral lesions. The chief point 
of interest in the present discussion is that these children have large 
heads and not small ones, although most of these cases occur months 
after birth when the head does not enlarge so readily as in younger 
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infants. If a child with "pacchymeningitis" survives the acute stage 
of the malady, recovery may be complete. Rosenberg (109) reports 
that out of 14 patients he was able to trace after several years, 5 were 
dead of various illnesses, 2 were idiots, 1 an imbecile, 1 neurotic, 1 
stuttered, 2 wet the bed and only 2 were quite normal. However, 
none were paralytic and no syndrome in any way resembling cerebral 
diplegia resulted. Only 1 of 6 cases observed by the writer showed 
any paralysis. In this case paralysis of one arm was noted. 

From the material available the conclusion seems indicated that the 
congenital hemiplegias, monoplegias and the double hemiplegias, with 
large, normal or asymmetrical heads are in most cases to be considered 
true birth palsies. Intra-uterine arrests of development and vascular 
occlusions undoubtedly constitute a part of this group, but probably a 
smaller part. 

VI. RELATION OF CEREBRAL BIRTH INJURY TO HYDROCEPHALUS 

It has been suggested by various authors from time to time that 
internai hydrocephalus might sometimes result from intracranial 
hemorrhage at birth. No very definite pathological evidence has been 
brought to support this theory, but it is quite conceivable that the 
organization of blood in the ventricular system or in the subarachnoid 
spaces might cause enough obstruction to the circulation of the cere
brospinal fluid to produce hydrocephalus. Siegmund and Crothers 
have mentioned hydrocephalus as one of the possible sequels of birth 
injury, and Ross (110) and Maclaire (111) have reported cases in 
which hydrocephalus developed in babies who had suff ered birth 
injury. Fraser and Dott believe that some types of hydrocephalus are 
related to intracranial hemorrhage at birth. 

CLINICAL DISCUSSION 

Many congenital cases of hydrocephalus show little, or no enlarge
ment of the head at birth. Often nothing is noticed until the child is 
two or three months old, when it is discovered that the head is increas
ing in size at an abnormal rate. Even at birth it is often possible to 
suspect hydrocephalus because of abnormally large fontanels, wide 
separation of the sutures, or thinness of the bones, especially when 
there is spina bifida or some other commonly associated malformation. 
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In such cases the diagnosis can be made definitely by ventriculog
raphy. If the progress is rapid the head may grow at an astonishing 
rate and there may be lethargy, vomiting and even convulsions. If 
the progress is slow there are usually few signs or symptoms and the 
atrophy of the brain is often extreme when the enlargement of the 
head is only moderate. Spastic weakness of the extremities and 
defective mental development are almost invariably present, but much 
less severe than one would expect from the reduction of brain tissue. 
Typically the optic nerves are pale and sharply defmed, but there may 
be papilledema. Vision is generally somewhat reduced, and some
times lost. Death may occur in a few months, or more rarely the 
process may become arrested and the patient may survive for years 
with a large head and more or less mental defect. Infrequently the 
head is much enlarged at birth so that delivery is difficult or impos
sible. Sorne of the cases of so-called "external hydrocephalus" are 
believed to be cases of internal hydrocephalus which have run their 
course in utero with collapse of the cortex. These cases reveal at 
section nothing but the basal ganglia and brain stem in a cranium full 
of clear fluid. 

The hydrocephalus which so commonly follows meningitis usually 
develops more slowly than the congenital variety. After the cranial 
sutures unite firmly, which occurs at some time between the sixth and 
ninth month, enlargement of the head is much slower and no longer 
gives any information about the degree of cerebral reduction. After 
the fontanels are completely closed, which should occur before the 
:second year, enlargement of the head is infrequent but may occur up 
to ten years in exceptional circumstances. 

THE CIRCULATION OF THE CEREBROSPINAL FLUID 

Much of our present knowledge of this subject is due to the fonda
mental work of Weed and Dandy. These authors have demonstrated 
that the cerebrospinal fluid is secreted almost entirely by the choroid 
plexus of the cerebral ventricles with the probability that a small part 
may originale from the perivascular spaces of the cortical vessels. 
This fluid formed in the lateral ventricles flows through the foramen 
of Monro into the third ventricle, through the aqueduct of Sylvius 
into the fourth ventricle and through the foramina of Luschka and the 

Association ATIDE 
Centre de Documentation ARIANE



CEREBRAL BIRTH INJURIES AND THEIR RESULTS 155 

median foramen of Magendie into the cisterna magna. From the 
cisterna the cerebrospinal fluid passes antericirly under the base and 
then up over the convexity in the sulci between the cerebral convolu
tions where it is absorbed into the dural sinuses through the arachnoi
dal villi. After leaving the fourth ventricle the cerebrospinal fluid is 
confined entirely to the subarachnoid spaces. 

PATHOLOGICAL ANATOMY OF INTERNAL HYDROCEPHALUS 

No real understanding of this difficult subject existed prior to 1913, 
when the :fi.rst of Dandy's brilliant contributions appeared, although a 
great deal of important but ill-correlated information had existed for 
many years. Even yet some authors fail to grasp the basic principles 
involved. Dandy has shown that almost all cases of hydrocephalus 
are due to obstruction at some point in the cerebrospinal fluid path
ways. In some cases the obstruction is in the iter; in others at the 
foramina of exit of the fourth ventricle, and in a third type the block 
is in the cisterna at the base of the brain. The first two types are 
designated clinically as "non-communicating" hydrocephalus, because 
dye injected into the ventricles is not recovered in the spinal fluid on 
lumbar puncture. The third type is termed "communicating" hydro
cephalus because the dye injected into the ventricles can be found in a 
few minutes in the lumbar cul-de-sac. Spiller (115) has described a 
case of unilateral hydrocephalus resulting from cicatricial stenosis of 
the foramen of Monro. 

Cases have been reported in which an increased production of cere
brospinal fl.uid seemed to be the cause of hydrocephalus. Thrombosis 
of the vein of Galen has been found and "hypertrophy of the choroid 
plexus" is another unusual finding. These conditions are excessively 
rare and are mentioned merely for the sake of completeness. 

When the iter is occluded, examination of the eut surface of the 
midbrain shows no trace of a canal. Microscopically a few strands of 
ependymal epithelium can be found in most cases, sometimes in the 
form of a flattened tube. There may be several small channels and 
sometimes minute cysts lined with epithelium are found. Spiller was 
the first to give a good microscopie description of this condition. 
Schlaff and Gere (116) have reported the anatomical findings in 8 
cases of hydrocephalus with closure of the iter. Three cases showed 
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small tumors; 2 cases showed inflammatory lesions, one of which was 
syphilitic; and 3 showed the condition previously described by Spiller. 
Guthrie found 8 cases in which occlusion of the iter followed meningitis. 
One of Dandy's cases showed a thin transparent diaphragm stretching 
across the aqueduct. 

The author has examined the midbrain microscopically in 11 
cases of hydrocephalus in which the iter was occluded. In 5 cases the 
condition was congenital as shown by the history and presence of 
other congenital malformations. In these, several small channels 
lined with epithelium were found, but none of them seemed to be 
continuous (fig. 1). One got the impression that the iter had never 
been properly formed in these cases. In 2 cases with a history of 
meningitis an entirely different picture was seen. Here the outlines 
of an aqueduct of normal size could be made out distinctly, but the 
lumen was occupied by a fi.brous mass of glial tissue. Many small 
spaces lined by ependymal cells were to be seen around the margins of 
this plug. These represented the original ependymal lining of the 
iter. In 1 case the signs of an active inflammatory process were still 
present (fig. 2). In 2 more cases, which will be discussed more fully 
later, there was a history of birth injury. In these cases exactly the 
same plugging of the aqueduct was found as in the post-meningitic 
cases (fig. 3). Thus it seems possible to distinguish clearly between 
the congenital cases in which the aqueduct has been imperfectly formed 
and those in which an iter of normal size has been plugged up by some 
post-natal process. 

Dandy describes two different conditions found at operation and 
autopsy in cases of obstruction of the foramina of the fourth ventricle. 
In one the fourth ventricle is represented by a greatly dilated cyst 
with a thin, transparent wall. The vermis is lacking and the cere
bellar hemispheres are small and displaced downwards. There are 
no adhesions and no other signs of a previous meningitis. He believes 
this is a congenital defect of development, and refers to the work of 
Blake (118) and Heuser (119) who have shown that the foramina of 
the fourth ventricle develop by a gradual thinning of the ventricle wall 
during early embryonic life. In most cases, however, he finds dense 
adhesions and thickening of the meninges, obviously the result of 
meningitis. The same condition may be found in congenital cases 
as in those which follow meningitis in infancy. 

Association ATIDE 
Centre de Documentation ARIANE



CEREBRAL BIRTH INJURIES AND THEIR RESUL TS 157 

FIG. 1. SECTIO'.'; OF Co:-;GEXITALLY .:\l.\Ll;'OR,IED AQUEDUCT SHO\VIXG .:\luLTIPLE l"ITER

RUPTIONS OF NARROW SLIT 
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Fic. 2. SECTION OF \ VE LL FoRMED AQUEDUCT "PLUGGED" BY ÜRG.\XIZATIOè, OF I NFLAU

MATORY EXUDAT.E I N C OURSE OF J'vIENINGITIS 

Evidences of inflammatory process still present 
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FIG. 3. SECTION OF \VELL FORMED AQUEDUCT "PLUGGED" WITH FIBROUS TISSUE PROB

ABLY DUE TO ÜRGANIZATION OF AN ÜLD lNTRAVE)ITRICULAR HEMORRHACE 

AT BIRTH 
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In the communicating type, when the obstruction is at the base, 
there is in most cases evidence of old meningitis. Fraser and Dott 
have also invariably found adhesions at the base in this form of hydro
cephalus which until Dandy's publications was called "idiopathie" 
hydrocephalus. Dandy also describes two cases of communicating 
hydrocephalus in which no signs of previous meningitis were found. 
He believes that these cases may be caused by a failure of the subarach
noid channels under the base to develop. W eed has shown that 
the subarachnoid spaces develop in pig embryos by a splitting of 
the periencephalic mesenchyme and begin to appear soon after the 
foramina have opened. 

THE ETIOLOGY OF INTERNAL HYDROCEPHALUS 

Dandy believes that, if we exclude the post-natal cases which are 
due to meningitis, hydrocephalus is always congenital. The fact that 
the head is of normal, or nearly normal, size at birth is not evidence 
against a congenital origin, because Dandy has been able to demon
strate by means of ventriculography that the brain is often greatly 
reduced at birth, although the head does not become noticeably 
enlarged until several months have passed. It is probable that the 
intra-uterine pressure has some effect in preventing the enlargement of 
the skull before birth. A small percentage of congenital cases, Dandy 
believes, are due to the failure of the foramina of the fourth ventricle 
or of the subarachnoid channels to develop. The vast majority are 
due to intra-uterine meningitis which may seal up the iter, the fora
mina of the fourth ventricle or obliterate the cisterna at the base. 
The evidence for this theory is that at operation, or autopsy, dense 
adhesions are found in the posterior fossa and under the base exactly 
like the adhesions which follow meningococcus meningitis in extra
uterine life. He has never been able to obtain any history of 
maternal,illness which would give any explanation for this condition. 

Fraser and Dott believe that intracranial hemorrhage is an impor
tant etiological factor which has been overlooked. "We possess very 
definite evidence that an intracranial hemorrhage produced at birth is 
liable to be followed by a hydrocephalus if the location of the hemor
rhage is subtentorial in its distribution. These remarks apply only 
to ventricular (i.e., non-communicating) hydrocephalus." They ob-

f, 
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tained a history of difficult delivery in 7 of their 21 cases and "subse
quent operative interference revealed the presence of a hemorrhagic 
effusion in the membranes at the base of the brain." These conclu
sions are less convincing because the authors do not recognize congeni
tal hydrocephalus unless there is spinabifida or the head is "consider
ably enlarged at birth, so much so, sometimes, as to constitute an 
obstruction to delivery." They admit, "In certain cases (without 
spina bifida) the statement was offered that the parents noticed the 
head to be somewhat enlarged at birth, but it is doubtful if any real 
weight can be attached to this observation." However, they have 
confirmed Dandy's statement that hydrocephalus may be demon
strated by ventriculography at birth in babies with heads of normal 
size. 

On the basis of extensive pathological experience, Guthrie believes 
that post-natal cases of hydrocephalus are the result of meningitis 
and congenital cases are due to defects of development or intra
uterine meningitis. 

To determine whether birth injury has any importance in the causa
tion of hydrocephalus, the writer has analyzed 100 autopsies of hydro
cephalics (see Appendix D). In 11 cases there was evidence suggestive 
of intracranial birth hemorrhage, but 4 cases were at once excluded 
because there was definite proof that the hydrocephalus had existed 
at birth. In 2 other cases the head enlarged so rapidly after birth 
that it seems most probable that the condition was congenital. In 
5 cases, however, it seems possible that the hydrocephalus may have 
been more closely connected with the intracranial hemorrhage. Two 
of these showed symptoms suggestive of birth injury in the fi.rst few 
days. They both had hemiplegia and later developed focal convul
sions. Both had great reduction of the brain without enlargement of 
the skull. At autopsy both showed evidences of old subdural hemor
rhage and destruction of the cortex with "plugging" of the aqueduct. 
It does not seem possible, however, to exclude with certainty an early 
inflammatory lesion. A third case was associated with hemorrhagic 
disease of the new-born and the ventricles were found to be small by 
ventricular puncture on the seventh day. Repeated hemorrhages 
occurred and the brain was greatly reduced at autopsy, but the skull 
was only moderately enlarged. The aqueduct was full of blood dot. 
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It is clear that the hydrocephalus in this case resulted from the bleed
ing, but is is not at all certain that a chronic hydrocephalus would 
have resulted if the child had lived longer. In 2 cases with histories 
of birth injury the periventricular cavities attributed by Schwartz 
to birth trauma were found. In both of these cases the aqueduct was 
occluded and in 1 case the description of the microscopie appearance 
of the aqueduct indicate that it was "plugged." In the other case the 
previous surgical dilatation of the aqueduct made it impossible to 
determine the type of obstruction. 

An additional hundred cases of hydrocephalus from the records of 
the Harriet Lane Home for Children have also been analysed (see 
Appendix D). Autopsy was not obtained in these cases. In 5 cases 
there was evidence of intracranial hemorrhage at birth. However, 
the histories state that the head was noted to be abnormally large at 
birth in 4 of these cases, although in only 2 are exact measurements 
stated. In the other case no abnormality of the head was noted at 
birth, but it was impossible to obtain an accurate history so the diagno
sis must remain at least doubtful. 

Spontaneous subarachnoid or intraventricular hemorrhage in adults 
gives rise to marked signs of increased intracranial pressure and all 
the signs and symptoms of a meningeal reaction including some fever, 
leucocytosis in the blood and an increase in white cells in the cerebro
spinal fluid. It is well known that the symptoms in such cases pass 
off when the blood is absorbed, and Symonds does not mention hydro
cephalus as one of the sequels of subarachnoid hemorrhage in his excel
lent article on that subject. The writer has observed two patients in 
whom repeated intraventricular hemorrhages occurred over a series 
of several months. There was only a moderate dilatation of the ven
tricles at autopsy, and no organized obstruction in the ventricular 
system. These facts strongly indicate that intraventricular hemor
rhage alone rarely, if ever, causes chronic hydrocephalus. Another 
factor must be considered. In five out of the six cases of hydroceph
alus mentioned above which seemed to have some etiological rela
tion to birth injury there was evidence of gross softenings of the brain 
tissue, and in four cases in which autopsy was performed it seemed 
probable that the lesion had extended down to the wall of the lateral 
ventricle. It seems possible that bits of necrotic brain tissue may be 
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carried into the aqueduct by the circulation of the cerebro-spinal fluid 
and remain long enough to give rise to an organized "plug." 

In conclusion it seems evident that birth injury can not be more 
than an exceptional cause of chronic hydrocephalus. The extravasa
tion of blood into the ventricular system or subarachnoid spaces of 
infants produces an increase in intracranial pressure, enlargement of 
the head, dilatation of the ventricles and a mild inflammatory process 
in the meninges. In the vast majority of cases such symptoms are 
transient and disappear when the blood is absorbed. It is possible 
that the aqueduct of Sylvius may be plugged by a blood dot or bits of 
necrotic brain tissue which becomes organized and a progressive hydro
cephalus ensues. In six cases out of two hundred it is probable, but 
not certain, that this actually took place. Most of these cases were 
easily distinguished from the common type of chronic hydrocephalus. 
Ahnost all cases in which interna! hydrocephalus and intracranial 
birth hemorrhage coexist are found to be cases of congenital hydro
cephalus whose thin skulls and large heads have predisposed them to 
birth injury. It seems probable that some of the cases of arrested or 
non-progressive hydrocephalus associated with congenital hemiplegias 
and other spastic paralyses are to be attributed to intracranial injury 
at the time of birth. 

VII. RELATION OF EPILEPSY TO CEREBRAL BIRTH INJURY 

"ESSENTIAL" EPILEPSY 

By definition "essential" epilepsy bears no demonstrable relation 
to brain disease or injury, but occurs in otherwise healthy people 
without obvious cause. Clinically, however, the term is loosely used 
to apply to epilepsies without signs of focal brain lesion. It is well 
known that a certain percentage of such patients show gross brain 
lesions at necropsy. Southard (120) and Thom found only 68 grossly 
normal brains out of a total of 205 brains of epileptics. It is obviously 
difficult to obtain any :figures of the incidence of birth injuries in such a 
clinical group because as soon as such an injury becomes probable 
the case is placed in another group. However, the recent studies of 
Patrick and Levy (121) throw some light on this problem. They 
compared the histories of 500 "ideopathic" epileptics with those of 
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750 unselected normal children. In only 5 of the epileptic cases was 
abnormal labor the "assigned" cause. The incidence of forceps deliv
ery and asphyxia were about the same in both groups. In the epilep
tic group 3.6 percent were delivered by forceps and 2.4 percent were 
asphyxiated at birth. It must be borne in mind that these figures 
apply only to "essential" epilepsy in the clinical sense. 

The anatomical changes found in "essential" epilepsy fall into three 
groups. First, developmental anomalies including various hetero
topias and malformations of the cortical architecture. These findings 
have been stressed recently by Pollack (122) and by Geitlin (123). 
Secondly, acute changes in the nerve cells and fi.bers found in brains of 
patients dying in status epilepticus. Pierce Clark and Prout (124) 
gave a good description of these in 1903, and Bevan Lewis (125) 
demonstrated similar changes as early as 1890. Kogerer (126) has 
discussed the same problem recently. The third group includes the 
chronic changes such as degeneration and disappearance of the corti
cal cells, subpial gliosis and sclerosis of the cornu amonis. Spiel
meyer (127) has given an exhaustive description of these lesions. 
Meyer (128) has shown, however, that the last two groups of changes 
are merely secondary and not to be considered in any sense characteris
tic. There is, therefore, no clinical or anatomical evidence to connect 
birth injury in any way with "essential" epilepsy. 

"SECONDARY" EPILEPSY 

The relation of recurrent convulsions to brain injuries of various 
types is established beyond any doubt. Fracture of the skull, gunshot 
wounds of the brain (129), cerebral neoplasms (130), granulomas, 
abscesses, scars of old inflammatory or vascular lesions, ail are apt to 
result in convulsions, general or focal. Dandy (131) has found local 
areas of cortical atrophy and scarring at operation in a very large 
percentage of all cases ofepilepsy. He has also been able to demon
strate these lesions by ventriculography since, as he shows, any loss 
of substance in the brain is compensated for by an out-pouching of the 
ventricle and an enlargement of the subarachnoid space. S. A. K. 
Wilson (132) has recently published a critical analysis of the relation 
of trauma to diseases of the nervous system. He writes as follows: 
"It has been asserted almost universally that trauma may cause 
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epilepsy; I have never been able to understand why. . I 
associate myself entirely with Turner when he insists that 'it is diffi
cult to avoid the conclusion that something more than local tissue 
alterations is requisite for the production of the seizures of traumatic 
epilepsy, and the determining agent, in my opinion, is an inherited or 
inborn constitutional predisposition to nervous instability and epi
lepsy.' R. G. Gordon has obtained evidence of a neuropathie pre
disposition in 75 percent of his cases; in a series of my own, from the 
pensioners' clinicat the National Hospital, Queen Square, I have found 
similar evidence in 80 percent." Obviously something more than the 
brain injury is necessary for the production of epilepsy because the 
vast majority of patients with cerebral lesions do not have convulsions, 
yet no one that deals with neurological patients and observes the fre
quent instances in which focal convulsions follow injuries to the brain 
can help feeling that brain injury is at least one factor in the produc
tion of epilepsy. · It might be permissible to point out that "nervous 
instability" and "neuropathie predisposttion" are rather illdefined 
hereditary factors which most of us share with the epileptics. 

In children, it is usually taught, brain injuries are even more likely 
to lead to epilepsy than in adults. Holt and Rowland state that 
epilepsy occurs in from 33 to 50 percent of all infantile cerebralpalsies. 
Osler found 35 cases of epilepsy out of 120 infantile hemiplegias. 
Spratling states that 40 per cent of ail infantile hemiplegias develop 
epilepsy. Five of the 17 cases of congenital hemiplegia from the Har
riet Lane Home are subject to convulsions, and there is no doubt that 
about one-third of all children with spastic paralysis due to birth in jury 
develop focal, or less frequently ·general convulsions. Eight cases of 
focal epilepsy associated with congenital hemipegias and monoplegias 
were found in the records of the surgical department. These cases are 
abstracted in Appendix E. 

Spratling daims that 11 percent of 1070 cases of epilepsy are to be 
attributed to infantile cerebral palsies. About one-third of these, he 
thinks, are congenital. In order to gain some idea of the frequency of 
"secondary" epilepsy following cerebral birth injury, the writer ana
lyzed the histories of 100 unselected cases of epilepsy seen in the neuro
logical out-patient department. In only two cases was there a history 
of birth palsy to be obtained, although there was a large percentage of 
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focal epilepsies in the group. Howerer, it was felt that this result was 
inconclusive because many of the histories were meagre and probably 
inaccurate. Many of the patients were adults and had forgotten 
anything they might have been told about their birth. 

Another series of 100 unselected case histories of epileptics from 
the Harriet Lane Home records was analyzed. Nine of these cases 
were of the focal, or Jacksonian, type and 3 of these were de:finitely 
associated with birth injury. Two of these 3 patients had congenital 
hemiplegias and the third had sustained an injury to the left side of the 
head at birth and later developed focal attacks on the right side. 
Five congenital diplegics were found in this group and 6 post-natal 
hemiplegias. In all 14 cases were associated with spastic paralyses. 
It is evident that these figures are in essential agreement with those 
of Spratling, and it seems probable that approximately 2 or 3 per cent 
of all epilepsies are related to birth injury. 

VIII. RELATION OF CEREBRAL BIRTH lNJURY TO MENTAL DEFECT 

Imperfect mental development, or amentia, occurs in many different 
conditions, few of which are related in any way to abnormalities of 
labor. The ov~rwhelming majority of such cases are due to congenital 
defects of various types. A common one is the "mongolian" idiot. 
The microcephalic with the simply convoluted brain is frequently 
encountered. Many microcephalics are also diplegic and have already 
been discussed. In cases of so-called simple amentia the brain may 
be grossly normal, but on microscopie examination a deficiency of 
cortical cells or an abnormal cortical architecture are revealed. 
Tuberose sclerosis is a rare type of congenital abnormality of the 
nervous system associated with multiple tumor formation and amentia. 
The "hypertrophie" brain is also a rare condition found in idiots 
with large heads. Such brains are of great size and weight and show 
extreme complexity of the convolutions. Scaphocephaly, oxycephaly 
and acrobradycephaly are all congenital malformations of the skull 
sometimes associated with mental defect. The most important factor 
in all these types of congenital defects of cerebral development, Mott 
believes, is a defective germ plasm. Tredgold and Goddard hold 
similar views. 

Another group of conditions results in inhibition of mental develop-
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ment soon after birth. Prominent among these is thyroid deficiency. 
Various types of infantile encephalitis, juvenile general paresis, and 
several forms of infantile cerebral degenerations belong in this group. 
Idiots by deprivation of sense organs, deaf-mutes, etc., may be related 
to early meningitis. Early epilepsies may also be included. 

Only three types of mental defect have any possible relation to birth 
injury: the spastic, the hydrocephalic and the epileptic, all of which 
have been discussed already. There remains the remote possibility 
that some birth injuries might involve large areas of cortex without 
producing paralysis or epilepsy. Such cases must obviously be exces
sively rare. 

Potts (134) bas stated that 12 percent of 5430 cases of mental defect 
are to be attributed to birth injuries. He apparently compiled these 
figures from the literature and gives no references. Beach and Shut
tleworth (135) estimate that 17.5 percent of idiots are the result of 
birth injuries. It is evident that these figures are excessive and it 
is probable that both authors have included the diplegias among the 
results of birth injury. Tredgold and Bolton (136), on the basis of an 
extensive pathological experience, both feel that mental defect of any 
pronounced degree is rarely related to birth injury. Tredgold states 
that not more than 1.5 per cent of all idiots can be traced to birth 
injury, and these are invariably epileptic. 

IX. CONCLUSIONS 

It is not possible to reach any final conclusions about the exact 
limits of the group of cerebral birth palsies from the evidence available. 
The cases of spasticparalysishave been difficult toanalyse,andinmany 
cases a satisfactory neurological examination bas not been possible. 
Very few cases of intracranial hemorrhage which survived could be 
found and these have not been followed long enough. The pathologi
cal anatomy is very meager and usually imperfectly described and 
studied. Before any clear understanding of these problems can be 
secured a large series of detailed pathological-anatomical studies must 
be made with adequate clinical control. However, unsatisfactory as 
the material may be, certain impressions have been gained in the c~mrse 
of this investigation which it seems permissible to state in the form of 
tentative conclusions. 
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First, very convincing evidence has been gathered that the congeni
tal diplegias which constitute by far the largest group of infantile 
spastic palsies as seen in the pediatrics department (235 out of 280 
in all) are not to be attributed to meningeal hemorrhage at birth, but 
are the result of various pathological processes of intra-uterine origin. 
Four principle arguments support this conclusion. Meningeal hemor
rhage is in at least half the cases unilateral, and when bilateral is almost 
always unequal on the two sicles; cerebral diplegias are, with very few 
exceptions, bilaterally symmetrical. The heads of diplegics are 
usually either de:6.nitely microcephalic or slightly below normal size; 
meningeal hemorrhage causes rapid enlargement of the head. Chil
dren who are known to have intracranial bleeding at birthorininfancy 
do not develop cerebral diplegia. Lastly, the pathological anatomy 
of true congenital diplegia is such that it can not be reconciled with 
any theory of birth injury. 

If the above statements are correct it will be seen that cerebral 
birth injuries are rare rather than common, and the great mass of 
infantile palsies can no longer be lightly attributed to faulty obstetri
cal procedures. 

No final statement can be made about the relation of intracranial 
birth injury and chronic hydrocephalus. Undoubtedly, marked en
largement of the head may occur with extensive bleeding into the ven
tricular system or subarachnoid spaces, but in most cases the blood is 
eventually absorbed without leaving any permanent obstruction to 
the circulation of cerebrospinal :fl.uid. Possibly in some cases chronic 
hydrocephalus may result from plugging of the aqueduct by a blood 
dot or a bit of necrotic brain tissue, and organization of the obstruc
tion. It seems likely that some children with large heads and con
genital asymmetrical spastic paralyses owe their condition to birth 
injury. Intracranial hemorrhage is not uncommonly an accidenta! 
complication of congenital hydrocephalus because these infants have 
large heads and thin skulls. 

The common diffuse meningeal hemorrhage which is not large 
enough to cause death apparently leaves no residuum in the over
whelming majority of cases. The real birth injuries to the brain are 
caus~d by the rarer intracerebral hemorrhages and necroses, by de
pressed fractures with laceration of the brain, and undoubtedly, by 
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some more or less encapsulated meningeal hematomas which compress 
and soften the cortex. All the evidence which the writer has been 
able to collect seems to indicate that the true cerebral birth palsies are 
represented by the congenital hemiplegias, the monoplegias and the 
asymmetrical and unequal bilateral spastic paralyses. These children 
have large or normal heads, even in some cases asymmetrical heads. 
Their intelligence is on the average much greatèr than that of the 
diplegics. A history of birth injury may be obtained in a very large 
percentage of such cases and the pathological anatomy is quite con
sistent with the hypothesis of gross birth injury. Of course, it is 
realized that asymmetrical congenital defects of the brain are included 
with these cases and are probably clinically indistinguishable from 
them. Numerically this group, which the writer believes is principally 
composed of true cerebral birth palsies, is surprisingly small, just 17 
out of 280 infantile cerebral palsies in the Harriet Lane Home records, 
if we exclude the 5 asymmetrical diplegias. These figures would mean 
that about 6 per cent of all infantile cerebral palsies are due to birth 
injury, but the group is not well enough defined to attempt any numeri
cal estimation. Recurrent convulsions occur in about one-third or 
more of these cases, and we have already concluded that about 2or 3 
per cent of all epilepsies seen in children are related to birth injury. 
Severe grades of mental defect are probably not related to birth injury 
with the exception of that type which develops in association with 
frequent convulsions. Tredgold estimates that not over 1.5 percent 
of demented patients who die in asylums owe their condition to birth 
injury and it seems probable that these figures are very approximately 
correct. 

I wish to thank Dr. Adolf Meyer under whose supervision this work 
was carried out, and Dr. John Rowland, Dr. Walter E. Dandy and Dr. 
J. Whitridge Williams for their criticism and permission to use their 
case histories. 

APPENDIX 

A. FOUR CASES OF lNTRACRANIAL BIRTH HEMORRHAGE FROM THE OBSTET

RICAL DEPARTMENT 

There were approximately 50 cases in this series in which the diagnosis 
of intracranial birth hemorrhage was made or suspected. Out of the whole 
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group only 7 survived. In 3 cases lumbar puncture was not performed, 
and as no signs of an intracranial injury appeared later, these cases have 
been omitted. The remaining 4 cases are abstracted below. 

Case 1 (Disp. H 38370, Obs. 10856) 

M. C., first pregnancy, mother had seven convulsions, labor terminated 
by manual dilatation and high forceps, eut by forceps over left eye and left 
occiput, extraction di:fficult, deep asphyxia, did not cry for two hours, 
convulsions on second day, fontanels full, severe brachial plexus palsy on 
the left which improved gradually, at the age of several months mother 
noted child did not use right leg well, right arm also slightly clumsy, eyes 
always crossed, no more convulsions, mental dev'elopment retarded, never 
learned to talk well. 

P. E. At age of five years head 51 cm. in circumference, residuum of old 
upper arm brachial plexus palsy on the left, right leg very spastic and shows 
shortening and equinus position, left leg is used well, right arm is very 
slightly clumsy, eye movements are non-comitant, patient holds head to 
right as if there were right hemianopia, can say only a few words, but is good 
natured and obedient. 

Case 2 (Obs. 10694, Ped. 26279) 

L. B., colored, first child, dèlivered by mid forceps after manual dilata
tion, blades slipped and head was eut, deep asphyxia, resuscitated with 
difficulty, on second day fontanels bulged, marked rigidity, on third day 
spinal fl.uid showed much altered blood, rapid improvement and on dis
charge on sixteenth day seertled welL 

P. E. At the age of two years head normal size, no weakness or paralysis, 
well nourished and mental condition seemed normal, moderate rickets. 

Case 3 (Ped. 40512) 

A. G., child of healthy parents, bom at term by difficult labor, episiotomy 
was necessary, moderate cyanosis but seemed normal, on second day grew 
rigid and had many convulsions, spinal fluid full of slightly altered blood, 
jaundice, spinal fluid cleared up gradually in three weeks, three lumbar 
punctures done in all, on discharge at three weeks child seemed well. 

P. E. At five months head 42 cm., well nourished and development 
seemed normal. At one year and nine months head 44.5 cm., no sign of 
spastic weakness, normal healthy child. 
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Case 4 (Obs. 15318) 

Baby W., first child, premature rupture of membranes, perineal dystocia, 
low forceps, strong traction required, episiotomy necessary, moderate 
asphyxia, abrasion over each ear, on the second day rigid, restless, frequent 
general convulsions, fontanels tense, almost pure blood obtained from the 
cistern, on the third day fluid still bloody, rapid improvement, at thirteen 
days fluid almost clear, only slight rigidity. 

P. E. At five months normal healthy child, no rigidity or weakness. 

B. ANALYSIS OF 200 CASES OF CONGENITAL BILATERAL SPASTIC PARALYSIS, 

MOSTLY · CONGENITAL DIPLEGIAS (FROM THE HARRIET 

LANE HOME RECORDS) 

CONGENITAL CEREBRAL DIPLEGIA 

Case 1 (Ped. 7040, Path. 5127) 

M. L. McH., third child of healthy parents, one sibling living and well, 
second pregnancy resulted in four months miscarriage. 

P. I. The patient was born prematurely at about seven months, labor 
was easy and no instruments were necessary, weight was 5 pounds, there 
was some asphyxia and the child nursed very poorly. 

P. E. At seven days it was noted that the child was inert and signs of 
prematurity were evident. When seen again at three months there was 
some rigidity of the extremities, and a tendency to hold the legs crossed, the 
child swallowed with difficulty and was much undemourished. At eight 
months the head was 42 cm. in circumference. When child was handled 
there was intense muscular rigidity and opisthotonos; when undisturbed 
apparently no muscular spasm; when objects were placed in the child's 
hartds they were grasped and held until they were removed; the optic 
nerve heads were normal; the tendon reflexes were increased. At three 
years the child could not talk but made grunting sounds and could express 
its wants by this method; it swallowed with difficulty; the head was held 
up but the child could not stand or walk without support, there was intense 
general spasticity and "scissors gait," tendon reflexes were increased, mental 
development seemed much retarded,-patient seemed to recognize parents, 
however. 

Operation: The meninges were thought to be thickened and an excess of 
fluid in the subarachnoid space was found. N othing more than an explora
tion was attempted. The child died soon afterwards. 

Pathological anatomy: The brain and meninges seemed normal, the 
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vessels were normal, no adhesions were seen, the ventricles were not dilated, 
the convolutions were smooth and full, the sulci not widened. Micro
scopically the pyramidal tracts in the cord showed no degeneration, it 
seemed possible that there may have been fewer fi.bers than normal but one 
could not be sure of this, however, the fi.bers did seem somewhat finer and 
of irregular size as compared with the posterior column fi.bers. Sections of 
the paracentral lobule showed no degeneration or gliosis but large pyramidal 
cells were possibly diminished in number, and giant cells were not easy to 
find. Sections through the basal nuclei showed nothing abnormal. All 
the cell studies were difficult because the material stained poorly. The 
brain weighed 1250 G. 

Case 2 (Ped. 33486, Path. 7978) 

M. D., second child of healthy parents, the first child died in infancy 
from unknown cause. 

P. I. Birth spontaneous at term, weight 7 pounds, did not cry, respira
tion very irregular, cyanotic at times, did not nurse. 

P. E. When seen at three days head was 36.5 cm. in circumference, the 
fontanels were full but not bulging, there was general rigidity and frequent 
convulsions, respirations were irregular and gasping, the child could not 
nurse; after several days it was discharged improved. At seven months the 
head was 38 cm. respiration was now normal, but there was marked general 
rigidity, no mental development had occurred and there were frequent 
convulsions. Spinal fluid was normal. At nineteen months the head 
was 39.5 cm. in circumference, general rigidity and adductor spasm, marked 
under-nutrition, bronchopneumonia, death. 

Pathological anatomy: The meninges were not thickened, the dural 
sinuses were patent, grossly there was some shrinking of the convolutions 
of the frontal lobes, the sulci in these regions were widened and possibly 
more numerous than normal, the shrinking seemed more marked at the foot 
of the gyri than at the apex, so some of the convolutions seemed undermined 
behind the central convolutions the cortex was grossly normal, the lateral 
ventricles were somewhat dilated, i.e., hydrocephalus ex vacuo. 

Microscopie examination showed marked loss of nerve cells in the cortex 
of the frontal lobes and motor area and a secondary gliosis; there was no 
sign of an inflammatory process; in the spinal cord the pyramidal tracts 
were severely degenerated and there was also degerieration in the region 
of the uncrossed motor fi.bers and the direct and indirect cerebellar path
ways (i.e., tracts of Gowers and Flechsig). The basal nuclei seemed normal. 
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Case 3 (Ped. 11112, Path. 4747) 

T. H., fi.rst child of healthy parents, born by long labor, no forceps, jaun
diced ten days, very ill, at five weeks was noted to be stiff. 

TABLE 1 

Analysis of 200 cases of congenital bilateral spastic paralysis 

B irth history: 
Convulsions in first two weeks ........................ . 
Feeble nursing and respiration ........................ . 
Difficult labor. .....•...•........ .. ... ............ ... 
Precipitate delivery .•................................ 
Prematurity ................•...... . ................. 

Heads: 
Microcephaly* .•.•..••••............... . ....•........ 
Oxycephaly .. ..•••..... ; .......................... . 
Scaphocephaly ..................................... .. 
Asymmetrical heads .•.•.•......••..........•••....••.. 

Paralysis: 
Paraplegias . ........................................ . 
Spastic diplegiast ..•••............................... 
Asymmetrical bilateral paralysest ..... ... ............. . 
Athetotic diplegias .................................. . 
Choreic diplegias ........ .. ........ .. .............. .. . 
Flaccid diplegias ......•........... ..... .............. 

· Epilepsy: 
Convulsions, generalized ............................. . 

Pathological anatomy: 
"Atropic sclerosis" ...•............. . ................. 
Gross malformation ................................. . 
Grossly normal, defect in cortical cells (?) ................ . 

HUMBER 

31 
64 
30 
10 
66 

71 
3 
1 
3 

12 
168 

5 
12 

1 
2 

56 

3 
1 
2 

6t 

PER.CEN'î 

16.0 
32.0 
15.0 
5.0 

33.0 

35.5 
1.5 
0.5 
1.5 

6.0 
84.0 
2.5 
6.0 
0.5 
1.0 

28.0 

*'This term should be qualified by the statement that the heads were usually only 
slightly under normal size and the children's general development ahnost always under 
par. 

t It is possible that there are some bilateral hemiplegias in this group. 
t Abstracted in appendix B. 

P. E. At four and one-half months poorly nourished, head 35 cm. in 
circumference, interna! squint, all tendon reflexes increased, cannot sit up 
or holdup his head, general spastic rigidity, spinal fl.uid negative, death of 
malnutrition and furunculosis. 

Pathological anatomy: Brain showed full round convolutions, meninges 
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delicate, sulci not widened, no abnormalities of the vessels, ventricles not 
enlarged, microscopie examination not made, brain cannot be found for 
further examination. 

Case 4 (Ped. 41534, Path. 8207) 

W. J. Z., birth by easy spontaneous labor, no evidences of birth injury, 
nursed well and seemed normal until four months when it was noted that 
child did not hold up head normally, never could sit up, no signs of mental 
development, convulsions at six months, diarrhea and digestive disturbance 
developed. 

P. E. At six months head 35.5 cm. in cirucmference, and somewhat 
pointed at top, weakness of all extremities, tendon reflexes increased, very 
little spasticity, no signs of mental development, marked under-nutrition, 
and death from pneumonia arld otitis media. 

Pathological anatomy: Brain of normal size, falx and longitudinal sinus 
extend anteriorly only to :fissure of Rolando, septum lucidum, anterior part 
of corpus callosum and fornix are lacking, anterior to the faix the convolu
tions interlock but do not fuse, rest of the brain shows no gross abnormali
ties; no microscopie examination made. 

Case 5 (Ped. 404445, Path. 8059) 

W. H., born by easy, spontaneous labor at term, three sibs normal, 
mothers' :first pregnancy was an eighth mon th miscarriage, patient had severe 
jaundice and many convulsions on the third day, very ill, never corisidered 
a normal baby, never learned to hold up head, or use arms or legs well, left ' 
arm was used a little better than the right, numerous "rigid spells" prob
ably convulsions, no mental development. 

P. E. At fourteen months head 48.5 cm. in circumference, somewhat 
flattened in biparietal diameter and increased antèroposteriorly, left sicle 
of forehead is less prominent than the right, marked addu'Ctor spasm and 
spasticity of both legs, arms are relatively spared, but there is some motor 
disturbance in both arms, more severe on the right, tendon reflexes in
creased, bilateral extensor response, no signs of mental development, death 
a few days later from otitis media and pneumonia. 

Pathologkal anatomy: Gross atrophy of both frontal lobes, more severe 
on the left side, other lobes of brain are apparently normal and show full 
round convolutions, meninges delicate and vessels normal, gross appearance 
like tha:t of brain in case 2. No microscopie examination made; brain 
cannot be found. 
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Case 6 (Ped.~39402,!Path. 8302) 

P. T., full term, normal delivery, duration six hours, no forceps, deeply 
asphyxiated, three hours before child could be resuscitated, weight seven 
and one-half pounds, convulsions after breathing started. 

P. E. At two days head 36 cm., no superficial injuries, slight cyanosis, 
general rigidity noted, tendon reflexes increased, swallowing diffi.cult, 
regurgitation through nose, fed by gavagè, vomited, thought to have intra
cranial hemorrhage but cistem puncture gave normal fluid, convulsions 
ceased at six days. At five weeks head 38 cm., nutrition poor. At seven 
months head 43 cm., severe nutritive disturbance, furuncles, otitis media, 
pneumonia, death. Never showed any signs of mental development, 
always definitely rigid but neurological condition was overshadowed by 
metabolic disturbance. 

Pathological anatomy: Brain small, weight 690 grams, atrophy of con
volutions over whole surface but especially those on either side of the 
Sylvian fissure; brain abnormally hard, meninges normal, vessels normal, 
wasting perfectly symmetrical, spinal cord not examined, no signs of hemor
rhage, no microscopie examination. Brain cannot be found. 

ASYMMETRICAL AND UNEQUAL BILATERAL CONGENITAL SPASTIC PARALYSES 

Case 7 (Ped. 27744) 

E. E. B., bom at term by long difficult labor, forceps required, deep 
cyanosis, diffi.cult resuscitat.ism, very limp and weak for a week; did not 
nurse. Face a:symmetrical, drawn to the right, no convulsions, left arm and 
leg were never moved freely; gradual improvement, has always seemed 
bright. 

P. E. At ten months head normal size, child seems normally alert, left 
arm very spastic, right arm used well, some motor disturbances in both 
legs, more marked on the left, back and neck also weak. 

Case 8 (Ped. 36233) 

V. M. C., :6.rst child, born at eight months by difficult forceps delivery 
througb contracted pelvis-said to bave been injured but exact details 
are not available,--difficulty in using extremities noted in :6.rst few montbs. 

P. E. At three years head normal, right arm very spastic, both legs show 
some spasticity but this is more marked on the right, some tendency to 
interna} strabismus; mental development seems normal. 
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Case 9 (Ped. 16611) 

W. H., second pregnancy, first was a miscarriage, born at term by difficult 
breech delivery, no signs of injury noted. At three months it was noted 
that child did not use left arm and leg as well as the right, late in holding up 
head. 

P. E. At two years head 50 cm. in circumference, seems normally in
telligent, left arm spastic, some spasticity and adductor spasm in the legs 
not stated to be unequal. 

Case 10 (Ped. 20710) 

W. P. W., third pregnancy, first two were miscarriages. No history of 
birth available. At two months it was noted patient did not use left limbs 
well. 

P. E. At three and one-half years head 53.3 cm.; left arm very spastic, 
and smaller than the right; both legs somewhat spastic, the left leg is 
shorter than the right and seems more severely involved, no note of intelli
gence, poor history, family are very ignorant. 

Case 11 (Ped. 24313) 

F. S., first child, labor stated to have been normal, but no details avail
able, no birth in jury noted, never used left arm or leg well. 

P. E. At five years head normal size, left arm very spastic and smaller 
than the right, both legs slightly spastic, the left one worse, mental condition 
not noted. 

All five of these cases showed essentially a well marked hemiplegia 
(with greatednvolvement of the arm than the leg) complicated by a spastic 
weakness of the opposite leg which was not so severely affected as the 
homolateral leg. It is unfortunate that no observations upon the patho
logical anatomy are available and that the histories were not very satis
factory. However, a history indicative of possible birth injury was secured 
in several cases and it seems probable that mostof these cases are true birth 
palsies. A case of bilateral spasticity due to porencephalic cavities in both 
cerebral hemispheres is included in appendix D. The cavities are periven
tricular and very similar to the central porencephaly described by Schwartz. 
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C. ANALYSIS OF 17 CASES OF CONGENITAL HEMIPLEGIA AND MONOPLEGIA 

FROM THE HARRIET LANE HOME RECORDS 

Case 1 (Ped. 7708) 

C. S. No accurate information about birth, said to have weighed 12 
pounds, series of convulsions at six days, never opened left eye, vomited 
frequently. 

P. E: At three weeks head was 40 cm., sutures were widely separated, 
left lid drooped, left pupil large, fi.xed, left eye turns out, weakness of left 
deltoid probably peripheral, head asymmetrical,left frontal region :tlattened, 
all tendon re:tlexes increased, general increase in muscular tone, much old 

TABLE 2 

À nalysis of 17 cases of congenital nionoplegia and hemiplegia 

Birth history:* 
Convulsions in first two weeks . ....•......... . ................... 
Feeble nursing and respiration .............. . ................ . . . 
Difficult labor ..........•••.................. . ................. 
Precipitate delivery ............... . .•..•...•..... . ........... . . 
Prematurity . . ....... .. ............ . ........... . .. . .. . . • . • • • • • 

Heads: 
Microcephaly . .............. . ............ .. .................. . 
Asymmetrical heads ..................... . .. . ................. . 

Paralysis: 
Hemiplegias .................•............. . .................. 
Monoplegias . .... . ... .. .......•. .. ....... . ................ . ... 

"Epilepsy: 
Convulsions, focal. ........ . . . ........... .... ....••............ 

* No history of birth was secured in 2 cases. 

N _UMBER 

4 
5 
9 
1 
1 

0 
4 

16 
1 

5 

blood in spinal :tluid. At two months head was 41 cm. in circumference, 
spastic of the right arm and leg was noted, one general convulsion. At 
three months head was 41 cm. in circumference, no more convulsions, bright 
child, right sided weakness still evident. At five months mental develop
ment seemed satisfactory. Right arm and leg spastic, third nerve palsy 
all gone except for large pupil, head still asymmetrical. 

Case 2 (Ped. 29893) 

F. B., fust child, instrumental delivery, did not breathe well, two large 
cephalhematomas, vomited blood for four days. At nine months it was 
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noted that right arm and leg were not used normally; leg has improved more 
than the arm. 

P. E. At five years head normal size, moderately severe right hemiplegia, 
extremities on right are somewhat underdeveloped, mental condition not 
noted. 

Case 3 (Ped. 17855) 

L. L., third pregnancy, born by spontaneous labor, no history of dystocia, 
first two pregnancies resulted in miscarriages, child never used right arm 
or leg well; otherwise seems normal. 

P. E. At one year, size of head not given, partial right hemiplegia, 
mental condition not noted, poor examination and history. 

Case 4 (Ped. 35242) 

A. O., first child, barn at seven months by normal labor, never able to 
use right arm or leg well, mental development apparently normal, no 
convulsions noted. 

P. E. At twenty months head large, symmetrical, spastic weakness of 
right arm and leg with some under-development, child seems mentally 
normal. 

Case 5 (Ped, 38753) 

E. D., third child, barn by precipitate labor, very cyanotic, did not cry 
or nurse for three days; on the ninth day twitching on the left sicle of the 
face, left arm and leg were cold and blue from birth and patient never 
moved them much for six months; eyes were crossed; at four months focal 
convulsions started on the left sicle. 

P. E. At seven years head 51 cm., in circumference, left arm and leg 
weak and spastic, right external rectus weak; mental condition not obviously 
subnormal. 

Case 6 (Ped. 23418) 

B. E., first child, born by long di:fficult labor, forceps extraction, head 
lacerated, occiput fl.attened, probable fracture of skull, convulsions for six 
days, never used right arm and leg well, mental development fairly good, 
passed at school, infrequent focal convulsions on right, starting at six 
years. 

P. E. At eleven years head 53.5 cm. in circumference, speech difficult, 
moderately severe right hemiplegia; mental development nearly normal. 
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Case 7 (Ped. 16279) 

M. A., third pregnancy, forceps delivery at term, labor lasted sixty hours, 
right ear and scalp eut, left facial paralysis apparently peripheral, always 
dragged right leg and never used right arm well. 

P. E. At two years head normal size mental condition normal, slight 
residuum of right hemiplegia. 

Case 8 (Ped. 4113) 

G. H., full term labor terminated by forceps, did not cry for several days, 
did not nurse, when child was only a few months old it was noted that the 
left arm and leg were not used well. 

P. E. At five years partial left hemiplegia with under-development 
intelligence normal, head normal size. 

Case 9 (Ped. 8494) 

I. K., first child born by difficult labor, forceps used, birth weight fourteen 
pounds, laceration of right side of head, convulsions on second day, weak
ness of left arm and leg noted at age of three months. 

P. E. At two years head of normal size, old depressed fracture on right 
sicle, partial left hemiplegia, not much difference in size 'of extremities on 
two sicles, mental development only slightly retarded. 

Case 10 (Ped. 40459) 

F. G., first child, born at term (?) by difficult high forceps extraction, 
birth weight 4 pounds, child never used right arm and leg well. 

P. E. At twenty-two months head of normal size, no difference in size 
of limbs yet apparent, severe right hemiplegia, no convulsions noted, mental 
condition not noted. 

Case 11 (Ped. 4787) 

E. G., fifth child, born by full term normal labor, development retarded, 
did not walk. until age of two years, talk.ed at two years and three months, 
never used right arm and leg well. 

P. E. At six years head 50 cm. in circumference; mental condition nor
mal; severe right hemiplegia with underdevelopment of extremities on right. 

Case 12 (Ped. 6577) 

H. L, sixth child, full term, normal labor, weight 8 pounds; did not walk. 
or talk. until age of two years; weakness of right arm and leg noted at age of 
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eight months, probably congenital, focal convulsions started on right at age 
of two years. 

P. E. At eight years, head 48 cm. in circumference, right arm and leg 
spastic and poorly developed; some mental defect-Binet Simon mental 
age of 7.4 years, internai strabismus. 

Case 13 (Ped. 32123) 

J. S., fourth pregnancy, twin died at seven months in convulsions, fi.fth 
pregnancy <lied during delivery, fi.rst three living and well, child born by 
normal làbor at term; weakness of right arm and leg noted as soon as child 
began to use them. 

P. E. At four years head of normal size mental condition normal. 
right arm a little spastic, both legs are ùsed normally. 

Case 14 (Ped. 38870) 

C. Z., first child, born at seven months by difficult forceps extraction, 
poor history of birth, weakness of right arm and leg noted when child began 
to use them, left arm was thought to have been weak at fi.rst. 

P. E. At two years head of normal size; partial right hemiplegia; no 
obvious difference in size of extremities on the two sides, mental develop
ment fairly good. 

Case 15 (Ped. 43811) 

G. C., first child, born by difficult forceps delivery, forehead eut, never 
used right arm or leg well, onset of focal convulsions at three months on the 
right side. 

P. E. At eight months head 44.5 cm. in circumference, symmetrical, 
tendency to interna! strabismus, spastic weakness of right arm and leg, 
face very slightly involved, no obvious difference in size of extremities on the 
two sides, mental development seems good. 

Case 16 (Ped. 29454) 

W. W. K., twelfth child of healthy parents, said to have been born by 
normal labor, never used right arm or leg very well, focal convulsions on the 
right side at long intervals. 

P. E. At five years head 47.5 cm. in circumference, right arm and leg 
very spastic and smaller than extremities on the left; mental condition not 
noted. 
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Case 17 (Ped. 34876) 

E. B., first child, full term forceps delivery; no other information about 
birth available, never used right arm or leg well. 

P. E. At fi.fteen months head large, right side flattened, internai stra
bismus, right arm and leg are weak and spastic, and somewhat under
developed; seems bright. 

TWO CASES OF THROMBOSIS OF THE SUPERIOR LONGITUDINAL SINUS 

Case 18 (Ped. 42061, Path. 8294) 

E. E., birth spontaneous at term, lasted eighteen hours, deep asphyxia, 
did not breathe, revived with diffi.culty, next day general twitching, vomited, 
limbs flaccid, very ill. 

P. E. At twelve days flaccid paralysis of all limbs, becoming spastic in 
two days, general muscular twitching, fontanels fiat, pupils small and :fi.xed, 
interna! squint, spinal fluid clear, longitudinal sinus not punctured; pneu
monia and death at fifteen days. 

Pathological anatomy: Thrombus in longitudinal sinus showing begin
ning organization, brain soft, not carefully examined, cannot be found for 
further examination. 

Case 19 (Ped. 44555) 

S. M., tenth child, sibs all living and well, born by long dry labor, no 
signs of birth injury; on second day developed ecchymoses over face and 
trunk, vomited blood; on the fifth day left arm began to twitch and later 
the right arm was involved. 

P. E. At six days rhythmical twitching of all extremities, more evident 
in the left arm and leg; jaundice; fontanels sunken, no rigidity or defi.nite 
paralysis, tendon reflexes all very active, no clonus; spinal fluid very yellow, 
contained only 25 white cells, on attempt to puncture the superior longi
tudinal sinus it was found to be thrombosed, no blood secured but a firm 
resistance encountered, graduai recovery; well one month later. 

D. (A) ANALYSIS OF 100 AUTOPSIES OF HYDROCEPHALICS 

Case 1 (Path. 7805, Surg. 51254, 61185) 

A. F., born by full term, normal labor, i1l on second day, many convul
sions, nearly died, right hemiplegia noted several months later, atone year 
convulsions returned and continued at variable intervals all life. 

P. E. At seven years head of normal size and shape; right eye turns 
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out, spastic weakness of right arm and leg which are smaller than on left, 
mental development only slightly retarded, can read and write, X-ray of 
head shows "extreme convolutional atrophy." 

Operation: Skull thick, under dura on left side there is a thick pigmented 
layer of fibrous tissue adherent to dura and to arachnoid; when this is re
moved pia-arachnoid is thick and opaque, cortex is excessively thin and 

TABLE 3 

Analysis of pathological anatomy in 100 cases of hy!Ù'ocephalus 

BLOCK AT: 

CAUSE 
TOTAL 

NUYBER 
!ter Foramina 

--- ---
Meningitis (still active) ... .. ........... . . 34 6* 7 
Adhesions in meninges .................. . 19t 0 14 
Syphilitic meningitis ................... . . 3 0 2 
Occlusion of iter alone ................... 14 14t 0 
Associated with congenital defect .......... 19§ 4 6 

Spina bifida . . ................ . .... . ... 16 4** 5 
Encephalocele .......... . .............. 3 0 1 

Associated with porencephaly ............ 3tt 2 0 
Old subdural hemorrhage .................. 2H 2 0 
Fresh ventricular hemorrhage ............. 2§§ 2? 0 
Nothing found .. . .................... • . . 4 0 0 

---
Total. ............................... 100 30 29 

* Sections of only one, iter "plugged" by inflammatory process. 
t Many of these cases were congenital. 

Base 

--
3 
5 
0 
0 
1 

1 
0 

0 
0 
0 
0 
--
9 

Unde-
termined --
18 
0 
1 
0 
8 

6 
2 

i 
0 
0 
4 

---
32 

:j: Sections of 7 midbrains available: 5 showed "malformed" iters, 1 iter was blocked 
by transparent septum, these 6 cases were congenital, a "plugged" iter was found in the 
7th brain, in this case hydrocephalus followed meningitis. 

§ Intracranial hemorrhage was found in 4 of these. 
** "Malformed" iter found in the one brain sectioned. 
H Abstracted below. 
H Both show "plugged" iter, abstracted below. 
§§ Abstracted below. 

scarred; tissue removed for microscopie examination showed fibrous tissue 
with old yellow pigment, i.e., old organized blood dot, death after second 
operation to relieve hydrocephaly. 

Pathological anatomy. Dura thickened and adherent over left hemi
sphere, all meninges bound together, cortex of left hemisphere very thin and 
nerve cells lacking, left ventricle enormous, rt. and 3rd ventricles also 
enlarged, meninges on right delicate, aqueduct is plugged by a mass of 
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fibrous tissue, outlines of old aqueduct shown by many small ependymal 
lined channels, apparently not quite completely occluded, yellow pigment 
in meninges and ventricles. 

Case 2 (Path. 7170, Surg. 57635) 

C. S., born by normal labor, severe illness in first: ew days, left hemiplegia 
noted when child was a few months old. At six years developed left-sided 
convulsions, which continued. 

P. E. At seventeen years head of normal size and shape, slight left 
hemiplegia with under development of left arm and leg, vision poor, mod
erate optic atrophy, nystagmus; X-ray of head showed marked "convolu
tional a,trophy;" mental development nearly normal; very irritable at times. 

Operation: Meninges greatly thickened and adherent over right hemi
sphere, cortex reduced to a shell, dense adhesions at the base. Death. 

Pathological anatomy: Bilateral interna! hydrocephalus, right temporal 
lobe reduced to 5 mm. thickness, merely glial tissue, no nerve cells, meninges 
thickened and adherent to cortex, left hemisphere shows only dilatation of 
ventricle, cortex averages 2 cm., meninges over left convexity are normal, 
iter is occluded by fibrous plug which is quite yellow, small channels lined 
by ependyma around margin of plug. 

These two cases are almost identical. The fact that the head was of 
normal size is against the possibility that these were cases of congenital 
hydrocephaly with birth injury. The "plugging" of the iter is also against 
that supposition. However, it is possible that a hemorrhagic encephalitis, 
or perhaps a local meningitis, in the first few days might have produced 
this picture. 

Case 3 (Ped. 45349, Path. 8785) 

M. W., first child, born at term, diflicult delivery, in labor thirty-six 
hours, cried at once, nursed well for week, then stopped, vomited blood, 
blood in stools, very ill. 

P. E. At two weeks, head 37 cm. sutures separated, bulging fontanels 
irregular respiration, bilateral interna! squint, weak and flaccid, ventricular 
puncture difficult, ventricles small, contain altered blood, cistern and spinal 
puncture also give altered blood, several transfusions, pressure symptoms. 
vary; atone month head only 38 cm. ventricles large, death. 

Pathological anatomy: Moderate interna! hydrocephalus, old blood in 
ventricles and subarachnoid spaces, iter full of dot. 

The intracranial hemorrhage was probably due to hemorrhagic disease 
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rather than to birth injury. However, the fact that the ventricles were 
small at first and the head enlarged slowly as compared to case 4, makes it 
probable that the hemorrhage was the cause of the hydrocephalus. It is 
questionable whether this child would have developed a chronic hydro
cephalus if it had survived the acute stage. 

Case 4 (Ped. 45267, Path. 8811) 

A. R. K., fifth child of healthy parents, born at term by normal labor, 
head normal size, resuscitation difficult, never nursed well, vomited fre
quently. 

P. E. At seven days head 37 cm.,some twitching of right arm, altered 
blood in cistern magna; at twelve days head 40.5 cm. vomited frequently, 
death on twenty-sixth day. 

Pathological anatomy: Extreme internal hydrocephaly, adhesions under 
base, blood in ventricles and subarachnoid spaces. 

The rapid enlargement of the head suggests that this was a case of 
congenital hydrocephalus with a birth injury. 

THREE CASES WITH PORENCEPHALIC CAVITIES 

Case 5 (Ped. 17182, Path. 5542) 

Baby S., born by full term normal delivery, breathed poorly, ill from 
birth, some blood in the stools, possibly hemorrhagic disease. 

P. E. At thirteen days head 39.5 cm., altered blood in the spinal and 
ventricular fluid, small encephalocele presenting through the anterior 
fontanel, blood Wassermann negative; at nineteen days head was 39.7 cm. 
in circumference; death at five weeks. 

Pathological anatomy: Moderate thinning of the cortex, small cavity in 
left frontal lobe separated from ventricle by a perforated membrane, this 
corresponded to the position of the encephalocele; no explanation found 
for the hydrocephalus; no sign of syphilis; no spirochetes found. 

The rapid enlargement of the head strongly indicates that the hydro
cephalus was present at birth, and the intracranial hemorrhage was an 
accidental complication. 

Case 6 (Ped. 13824, Path. 5098) 

G. H., only child of normal parents, birth by prolonged labor; two doses 
of pituitrin given, no forceps; head measurements unknown, stuporous on 
seventh day, grew stiff, stopped nursing, vomited, cyanotic at times until 
age of three months when vomiting started again. 
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P. E. At four months head 44 cm. in circumference; marked general 
spasticity of extremities, more severe in arms; optic atrophy, no sign of 
mental development, death at :five months. 

Pathological anatomy: Gross, symmetrical cavities in both hemispheres; 
anteriorly these cavities are continuous with the ventricles and the cortex 
is reduced to a few mm. in thicknèss; posteriorly the ventricles are not very 
large and the cavitles are separated from the ventricles by a thin 
niembrane-----these cavities are lined by a rough glial surface; aqueduct is 
occluded, no sections could be found but from the description it seems that 
the aqueduct is "plugged." 

Case 7 (Ped. 4~899, Path. 8436) 

J. W. J., breech delivery, resuscitated with di:fficulty, always irritable and 
fretful, at one month was noted to be rigid and head was retracted, hèad 
seemed large at this time; at eight months twitching of the face and hands, 
vomiting and apparently headache. 

P. E. At six years, deaf-mute, head 53 cm. in cir'cumference, bilateral 
choked di~c, tremor of head and both arms, roentgenogram showed signs 
of increased pressure, blood in ventricular and spinal fluids, "phthalein" 
test indicated obstructive type. 

Operation: Aqueduct pin point aperture, dilated, no cause for bleeding 
found; hyperthermia and death. 

Pathological anatomy: Bilateral papilledema, moderate hydrocephalus, 
multiple extra-ventricular cavities in temporal and parietal lobes,-these . 
are bridged across by many fine trabeculae containing blood vessels, and 
lined by a rough glial membrane, only a thin layer of tissue separates them 
from the ventricles; the internai capsules are not interrupted; no signs of 
meningitis; aqueduct now patent because of surgical dilatation. 

(B) CLINICAL ANALYSIS OF 100 CASES OF HYDROCEPHALUS 

CASE OF HYDROCEPHALUS POSSIBLY DUE TO BIRTH INJURY 

Case 1 (Ped. 24513) 

,E. H:, third child of healthy parents, normal labor, no head measure
ments obtainable, convulsions at :five days, development retarded in every 
way, another series of convulsions at three years. 

P. E. At :five years head was 55 cm. in circumference, right leg and arm 
and left leg spastic; severe mental defect, inability to speak; history un
reliable; family ignorant and illiterate, diagnosis at least questionable. 
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CASES OF HYDROCEPHALUS PROBABLY CONGENITAL ASSOCIATED WITH 

BIRTH INJURIES 

Case 2 (Ped. 35967, Obs. 12319) 

J. C., second child, first pregnancy resulted in miscarriage, born by 
difficult version and extraction, hard to resuscitate, fractured skull and 
cephalhematoma, head measured 34 cm. sub-occipito-bregmatic at birth. 

P. E. At one month head was 43 cm. in circumference, not quite 

TABLE 4 

Clinical analysis of 100 cases of hydrocephalus*. 

Syphilis ......... . ... . .. .. ......... .. . ........••.....•.......... 
Meningitis ( observed) .. ................... ... ......... . ......... . 
·Meningitis (history) ...........................•................. 
-Associated congenital defect . .. ......... ....... . .. . .... . ..•...•... 

Spina bifida ............................ .. ..... .. .. . ... . .... . . . 
Encephalocele .....................•.........•.. , .•........ . ... 
Chondrodystrophia ....................•....................... 
Multiple bone defects ......................................... . 
Scaphocephaly .........................•...................... 

Brain tumor ...... . ... ... .... .. .... .. ....... ..... ..... .... .. ... . 
Family history of hydrocephalus ..................•............... 
Possibly due to birth injury ......... . . . ............ . .. . .......... . 
No cause found . ................ . ...........• . ...... .... •..... . . 

"'No autopsies, several operations. 
t Abstracted below. 

NUllllER. 

3 
19 
17 
23 

12 
7 
2 
1 
1 

3 
1 
lt 

33t 

100 

t In 15 of these cases the history stated that . the head was enlarged at birth, exact 
measurements usually not available. In 4 of these 15 there was evidence of birth injury. 
These are abstracted below. 

symmetrical, at two years and three months head w'as 58 cm. in circum
ference, some weakness of left leg, tendon refl.exes increased on both sides; 
mental development somewhat retarded; patient was over weight and larger 
than the average for age, hydrocephalus seemed arrested or only slowly 
progressive. 

Case 3 (Ped. 41412) 

C. B., third child of normal parents, born at full term by non-instru
mental labor, nursed poorly, respiration feeble, several convulsions on 
fourth day, enlarged head noted at birth. 
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P. E. At two months head enlarged not quite symmetrical, partial left 
hemiplegia, death at nine weeks. 

Case 4 (Ped. 22399) 

C. R., third child of healthy parents, born by precipitate labor, head 
noted to be large and bones soft at birth, at three weeks head was greatly 
enlarged and "round," always nursed poorly, and was unresponsive, at 
seven weeks hydrocephalus was diagnosed. 

P. E. At two months head was 47 cm. in circumference, little or no 
spasticity, ventricular puncture showed old blood in the ventricles, non
communicating type, at three months head was 49 cm. in circumference, 
left hemiplegia was noted, convulsions, death at six months no autopsy. · 

TABLE 5 

A nalysis of 8 cases of congenital spastic par al y sis in hydrocephalics due to birth in jury 

Monoplegia .•.....•••••........•.....•..••.•.•...•.......•••.... 
Hemiplegia. . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . • . . . • . . . • . • . ... . .... 
Triplegia .••...•.....••••.... . ......•...........• . ...••..•..•••. 
Double hemiplegia (porencephaly) ........•....•..•••..•....•...... 

Case 5 (Surg. 53834) 

NUllBER 

1 
5 
1 
1 

8 

G. F., born by diflicult, instrumental labor, injury on left temple and 
over left eye, paralysis of left arm and leg, some squint, general muscular 
twitching, head 41 cm. at birth, rapidly enlarged since. 

P. E. At three years internal squint of left eye, right pupil large and 
fixed, partial left hemiplegia, bilateral extensor response, head 56 cm.; 
moderate mental defect. 

E. ANALYSIS OF 8 CASES OF FOCAL EIPLEPSY FROM. THE SURGICAL 

RECORDS WITH ÛPERATIVE NOTES 

Case 1 (Surg. 41240) 

R. L. G., born by diflicult labor, head injured by forceps; no paralysis 
noted; general convulsions since the age of seven years, mental develop
ment has been fairly good. 

P. E. At age of eleven years head shows bulge in right fronto-parietal 
region, examination otherwise negative, no paralysis. 
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Operation: Right craniotomy; bone thin, few dural adhesions, large 
yellow cyst replacing upper half of frontal lobe full of yellow fluid. 

Microscopie examination shows wall of cyst is composed of glial tissue 
covered by arachnoid; old blood pigment in wall. 

Case 2 (Surg. 40710) 

W. U. D., first child of healthy parents, born by long diffi.cult labor which 
was terminated by high forceps, head eut by forceps, never used right leg 
normally; focal convulsions since age of one year. 

TABLE 6 

A nalysis of 8 cases off ocal epilepsy probably due to birth injiiry 

Birth history:* 
Convulsions in first two weeks .. ........ ..... ......•.....• . ..•.. 
Feeble nursing and respiration ................................. . 
Difficult labor . ........... . ... ..... .. .. . ..... .•......... . ...... 
Precipitate delivery ............. .•... . .. ....................... 
Prematurity ......•.•••..••..................... , ..••..•••• •• . 

Heads: 
Microcephaly .....................•.... . ........•.........••.. 
Asymmetrical heads ....••.......................•.••..•.•..••. 

Paralysis: 
Monoplegias ....•••.•••...................•.........•.•.•..... 
Hemiplegias .••.................. ... ..............••......••.. 
Hemianopia ..•.........................................•..... 
No paralysis ..................................... : ............ . 

Pathological anatomy: 
Intraçerebral cysts ....... ...... . ........... . ... . ...... ... .. .. . . 
Local cortical atrophy and scarring with thickening of overlying pia-

arachnoid ...••.................... · . .... ........ ....... ..... . 
Organized subdural dot with atrophy of underlying cortex ..... . ... . 
Nothing found at operation .................................... . 

NUMBER. 

0 
2 
6 
0 
0 

0 
3 

2 
5 
1 
1 

3 

3 
1 
1 

* No history of birth was secured in 2 cases. These histories were obtained in most 
cases many years after birth and consequently do not obtain as much information about 
early infancy as the Harriet Lane Home histories. 

P. E. At the age of three years head normal size, depressed area in left 
frontal-parietal region; right leg somewhat spastic, mental condition 
slightly subnormal. 

Operation: Left craniotomy showed very vascular dura, and edema of 
the arachnoid, no other lesion found. 
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Microscopie examination of bit of arachnoid removed showed normal 
meninges. 

Case 3 (Surg. 41660) 

W. H., born by difficult labor, instrumental extraction, very difficult 
to resuscitate, head "injured;" always weak on right sicle, focal convulsions 
since age of 18. 

P. E. At age of twenty-two head normal, mental condition slightly 
subnormal, severe right herniplegia, underdevelopment of right arm and 
leg. 

Operation: Left craniotomy, dura adherent to arachnoid, thickening of 
pia-arachnoid, atrophy of convolutions especially the precentral gyrus, 
large collections of yellow :fl.uid in Sylvian fissure. 

Microscopie examination of piece of arachnoid removed showed great 
:fi.brous thickening and no sign of an in:fl.ammatory process. 

Case 4 (Surg. 50719) 

C. D. P., second child of healthy parents, no definite history of birth 
obtained, never used left arm and leg normally, walked and talked late, 
infrequent convulsions on the right, always able to do his school work but 
not brilliant. 

P. E. At thirteen years in eighth grade, weakness and under develop
ment of left arm and leg, left homonymous hemianopia, slight sensory loss 
on left sicle. 

Operation: Thin walled cyst in Sylvian fissure and right parietal region 
full of clear fluid, small opening into ventricle, meninges over this cystic 
area are greatly thickened and adherent. 

Case 5 (Surg. 51428) 

S. E. W., born by difficult forceps delivery, no injuries noted at birth, at 
age of two years focal convulsions started on the left sicle and a variable 
left hemiplegia was noted, mentally child progressed well. 

P. E. At :five years head normal, seemed intelligent, left hemiplegia 
always severe after convulsion, but almost imperceptible at other times. 

Operation: Dura thickened and adherent to a thick layer of :fi.brous 
tissue beneath it, this tissue was full of yellowish cysts and also adherent to 
the arachnoid, pia-arachnoid thickened and cystic, moderate atrophy of 
convolutions beneath these cysts, central gyri involved most severly. 

Microscopie examination of the layer of tissue found under the dura 
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showed only :fi.brous tissue and yellowish cysts, no signs of an inflammatory 
process, or of neoplasm. 

Case 6 (Surg. 55411) 

J. P. M., second child, birth normal as far as is known, never used right 
arm and leg well; focal convulsions at four years, more frequent since eight 
years, mental development fair, did moderately well at school. 

P. E. At seventeen years head normal, right arm spastic and under
developed, right leg shows very little 'i'leakness; slight mental defect. 

Operation: Dura normal, huge cavity traversed by trabeculae, no com
munication with ventricle, opens into Sylvian fissue. 

Case 7 (Surg. 63376) 

W. V., :fi.rst child, forceps delivery, very difficult; head deformed, right 
eye prominent, left eye sunken in, walked at twenty-two months, talked at 
two years and six months; focal convulsions on left at two years; left arm 
and leg small; after each convulsion complete left hemiplegia. 

P. E. At eight years head large, large depression to right of sagittal 
suture; left arm and leg smaller than right, but strength only slightly 
diminished, some mental defect. 

Operation: Dura adherent over right hemisphere and thickened, pia
arachnoid thickened, central convolutions atrophied; in this area cortex 
was only one cm. thick and scarred and dense. 

Case 8 (Surg. 64089) 

T. S., born by di:fficult delivery, high forceps, diflicult to revive, deep 
cyanosis; walked at fourteen months, but never used right arm or leg well; 
focal convulsions on right at nine years; right hemiplegia after each attack, 
mental development fair; in seventh grade at twelve. . 

P. E. At thirteen years head normal; slight spastic weakness of right 
arm and leg, right arm and leg under-developed. 

Operation: Pia-arachnoid thickened over central gyri and angular gyrus, 
convolutions atrophied and scarred, microscopie examination showed 
extensive scarring of cortex and thickening of meninges, old blood pigment. 
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