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From the onset of embryonic life up to the period of birth, the
fetus is exposed to multiple damaging influences having a direct bearing
on the growth of the central nervous system. Lesions of the latter
may be numerous, and vary with regard to their localizations, extent
and depth. They are apt to compromise the cerebral functions not only
at the time the damage is done but especially during later development
of the nervous system. If the infant survives, infirmities are seen not
only in the sensorimotor sphere but also and more particularly in the
mental faculties in which a definite defect is manifest. Of the many
facts that are likely to lead to such consequences, only meningeal hemor-
rhages at birth will be discussed here.

During birth, hemorrhages may occur at different levels, either
within the nervous tissue itself or close to the cranium. In the latter
case, the blood may be located between the bone and its periosteum
(cephalhematoma) ; between the periosteum and the dura, or beneath
the dura.

In order to understand the mechanism of formation of hemorrhagic
foci, a brief account of the anatomic arrangement of the membranes
with their vascular supply is necessary.

The dura mater consists of two layers, an inner and an outer one.

The outer, which is the periosteal membrane, sends septums into the
cranial cavity accompanied by venous sinuses. These sinuses are the
falx cerebri, which encloses the superior and inferior sagittal sinuses,
also the straight sinus along the line of junction of the base of the falx
with the tentorium ; the tentorium cerebelli with the transverse and
superior petrosal sinuses, and the falx cerebelli with the occipital sinus.
The septums are reinforced in certain places by an aggregation of
fibrous bands which enable the head to withstand the great strain in
accouchement.

During a difficult labor, the frequent changes in the shape of the
head and the excessive tension overstretch the septums, and tears follow.
These tears may be complete or incomplete, unilateral or bilateral. When
the tentorium cerebelli is involved, the tear is usually found below its
junction with the falx cerebelli. When the falx cerebri is damaged, the
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tear occurs at the level of its middle two thirds. Holland 1 found in a

series of 167 cases tears in the tentorium in 48 per cent., and in all of
the latter, subdural hemorrhages. The fine blood vessels and the large
vein on the border of the small circumference of the tentorium are the
sources of hemorrhages. The usual origin of hemorrhages is in the
tributaries of Galen's vein received from the cerebellum and midbrain,
and from the cerebellar veins entering the straight sinus. The experi¬
mental investigations of Holland prove this contention conclusively.
These tributary veins are stretched between the fixed point of Galen's
vein and the fixed cerebellum. During the excessvie tension in difficult
labor the apex of the tentorium is drawn upward, and consequently the
Galen's vein is twisted at its entrance into the sinus. An enormous

distention of this vein and of its tributaries follows. On the other
hand, the cerebellum is at that time pressed down into the posterior
fossa by the undue pressure of the occipital lobes of the brain. Under
such circumstances, the fine vein tributaries of Galen's vein, as well as
the cerebellar veins entering the straight sinus, rupture.

Over the surface of the cerebral hemisphere, similar subdural hemor¬
rhages may occur during difficult labor, and they are particularly intense
in a foot presentation. They commonly occur between the layers of the
falx cerebri, although less frequently than in cases involving the ten¬
torium. Occasionally there may be a hemorrhage at the base of the brain.
Rarely does the pia-arachnoid tear, but in such cases small hematomas
occur.

Ventricular hemorrhages, although rare, may occur from extreme
extension of the fine veins of the choroid plexuses.

The seat of hemorrhages is of importance. In the cases involving
the tentorium, for example, even a small blood effusion beneath the
tentorium would be of graver consequence than one on its surface
however large it might be. Tears in the tentorium cerebelli are the
most common occurrence. Those of the falx cerebri are next in fre¬
quency and are rather rare. In the majority of cases, they are associated
with tears in the tentorium.

In considering the causes of meningeal hemorrhages, it is extremely
important to bear in mind the immediate and the predisposing factors.
Infections and intoxications in utero may be the direct cause, but the
most frequent one is traumatism during the confinement, namely,
extraction of the head last, forceps delivery from contracted pelvis or

presentation of the face or of the forehead. As to breech presentation
statistics show that tearing of the tentorium was found in about from 70
to 75 per cent, of dead fetuses thus delivered. Holland believes that
in such cases the condition of the tentorium was due to the endeavor

1. Holland, E.: Report on the Causation of Foetal Death, London, Reports
on Public Health, 1922.
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to effect a rapid delivery after version; but if breech delivery is properly
managed, there should not be sufficient intracranial tension to produce
tearing of the tentorium. The same view can be applied to the cases
with transverse presentation. Circulatory interference in the umbilical
cord and congenital malformations of the central nervous system are
also frequently the cause of intracranial hemorrhages.

The frequency of meningeal hemorrhages in the new-born may be
seen from the statistics of Hedrén 2 of Stockholm, and Cruickshank.3
The former examined 700 cadavers of infants and found intracranial
hemorrhages in about 9.28 per cent. The bleeding was restricted to
the meninges in nearly 84 per cent., and cerebral hemorrhage, accom¬

panied by meningeal hemorrhage in others, brings the total of meningeal

Fig. 1.—Incomplete tear of tentorium cerebelli on right side; the tear is across
the fibers at the base of the anterior vertical band. The head shows extreme
molding, after labor with generally contracted pelvis. Note elevation of apex of
tentorium and change in direction of Galen's vein and straight sinus (Holland).

hemorrhages to 90.7 per cent. Delivery had been spontaneous in fifty
of the sixty-five cases, and the conditions in both mother and child
seemed to be normal in most of the cases. In the forty-two purely
meningeal cases, the hemorrhage had been supratentorial in thirty-two,
infratentorial in ten and of both types in six. An analysis of these
cases leads to the conclusion that intracranial hemorrhages may occur

with rapid and easy spontaneous delivery and they may occur without
fracture of bone.

In Cruickshank's account of 200 cases, one finds the incidence of
sixty-five cases which showed meningeal hemorrhages of a gross char-

2. Hedr\l=e'\n, G.: Intracranial Hemorrhage in the New-Born, Abstr. J. A.
M. A. 70:1988 (June 22) 1918.

3. Cruickshank, J. W.: Lancet. 1:836 (April 28) 1923.
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acter. In twenty-five cases there was meningeal hemorrhage associated
with hemorrhage into the viscera.

CLINICAL MANIFESTATIONS

Meningeal hemorrhage is more frequently suspected than actually
determined during life. Death may ensue in a few hours following the
meningeal hemorrhage, but if the infant survives, a state of apparent
collapse is observed, cyanosis, low temperature, convulsions on subse¬
quent days, circulatory and respiratory disturbances, various palsies and
contractures. When the infant further succeeds in overcoming the
immediate effect of the bleeding, the above mentioned stormy symptoms
gradually subside and the child enters into a chronic state of physical and
mental inferiority with a crippled central nervous system. Diplegia,
hemiplegia, spastic paraplegia, contractures, athetosic or choreiform
movements, convulsive phenomena, amaurosis, mental deficiency or

debility of various degrees—all form a symptom group which could be
placed under one caption of infantile encephalopathies. Of course, this
vast group presents various degrees in its extent and intensity. There are

mild cases and cases in which the damage is profound. From the stand¬
point of intellectual development, the child may be an idiot or an imbe¬
cile, or may present only a slight degree of mentally arrested develop¬
ment. It all depends on the hemorrhage and on the facility with which
the blood may be absorbed or otherwise removed.

The encephalopathies may be early or precociously diffuse, which
will lead to idiocy; they may be late or delayed, circumscribed and
frequently slight, which in adult life will be manifested in but slight
disturbances of intelligence. The arrest of intellectual development
will be especially pronounced and less amenable to improvement in those
cases which, through hereditary factors, are inevitably predisposed to
and prepared for disturbances or anomalies of cerebration.

A brief physiologic consideration is warranted. At birth, the cells
of the central nervous system are fully developed. As to the nerve

fibers, full growth is present only in those which control reflex move¬

ments, circulation, respiration and nutrition, in other words, the nervous

mechanism of the spinal cord and medulla alone are functioning at that
period of life. On the other hand, the fibers originating in the frontal,
rolandic, occipital, parietal and temporal regions of the brain, as well
as the projection and commissural fibers, become myelinated only some

time after birth. It is evident, therefore, that early symptoms will be
only those which are in relation to the physiologic function of the
medulla and spinal cord, but manifestations depending on the function of
various portions of the brain will be in evidence ulteriorly and for the
above mentioned reasons will remain permanent. If we add to them
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the compression of the convolutions caused by the blood, also the pos¬
sibility of the breaking up of the cerebral tissue and infiltration of the
latter with the blood, the physiologic damage is easily conceived.

A brief description of the several clinical varieties may be helpful
for a full understanding of hemorrhagic possibilities.

CEREBRAL DIPLEGIA

Two important subvarieties should be considered. One is the classic
Little's disease, in which there is a spastic paraplegia of the upper and
lower extremities, and in which the spasticity is more pronounced than
the paralysis but there are no convulsive phenomena and the intelligence

Fig. 2.—Complete tear of tentorium and extensive tearing of falx. In the
tentorium there are two perforating tears on left side; one is a ragged tear
starting below the base of the anterior vertical band and extending outward
almost to the lateral border of tentorium. The other is a large perforation
through the superior wall of the left lateral sinus at its termination in the
torcular herophili (Holland).

is preserved. Improvement is a common occurrence. This form is
fundamentally of agenesic order and due to a congenital insufficiency of
the pyramidal tract. Premature birth is the original cause.

The second variety is due to destructive lesions of an inflammatory
or traumatic origin, of a toxi-infectious or obstetric cause, namely, a

difficult delivery producing tears in membranous blood vessels of the
brain. Here the motor areas, as well as other portions of the cortex,
are usually involved, spasticity and paralysis being produced, as well as

serious convulsive phenomena and disturbance of intelligence. The
condition is persistent, and is permanent. The clinical picture of the
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last form of cerebral diplegia will vary according to the predominance
of involvement of different areas. The association of intellectual
phenomena with paralysis and spasticity of the limbs indicates a lesion
in the frontal and rolandic areas. Here one or the other may pre¬
dominate, but the presence of epileptiform manifestations is always
an unfavorable condition for the intellectual development, and in all
such cases the mental deficit is pronounced. Athetosic and choreic
movements are also frequently observed in this variety of diplegia.

An interesting feature of the intellectual status in the first variety
of diplegia deserves special mention. There is a striking discord between
the appearance of the little patients and the real state of intelligence.
At first glance, the difficult speech and the expression of the face with
the mouth open may suggest a low mental state, but an actual test and
close observation of their behavior and of their relation to the environ¬
ment will reveal an integrity of intelligence.

The difference, consequently, between the two forms of diplegia is
fundamental, and its second variety is far more serious than the first.
Since it is due to obstetric traumas, the value of meningeal hemorrhages
in difficult labor cannot be overestimated.

CEREBRAL HEMIPLEGIA

Should the hemorrhage be limited to one hemisphere, hemiplegia
with all its characteristics will be the result. In almost all such cases,
there is an intellectual deficit, more or less pronounced ; all degrees
between ordinary mental arrest and idiocy are observed. The inequality
and irregularity in the intellectual deficit is due to the great variation
in the extent and intensity of the lesions in one hemisphere. As to the
hemiplegia itself, it differs from the same occurrence in an adult because,
in addition to the paralysis there is considerable lack of development of
the affected limbs : they are small not only as regards musculature but
also bony tissue ; there are permanent contractures with secondary
deformities, hemiathetosic and hemichoreic movements ; also, frequently,
aphasia is absent in cases of right hemiplegia.

Frequently with, and in place of, complete or incomplete intellectual
obliteration, other spheres of sensory psychic activity are developed, but
close analysis will reveal that the latter are only of a purely reflex
character, are automatic and lack in associative integration, and there¬
fore lose all psychic value.

DOUBLE ATHETOSIS AND ATHETCSO-CHOREIC MOVEMENTS

As is shown in the foregoing, encephalopathies in infants may be
manifested by a more or less marked deficit in the intellectual sphere,
and accompanied by bilateral motor phenomena in the form of chorea

Association ATIDE 
Centre de Documentation ARIANE



or athetosis. Again, various degrees of involvement may be present:
there are cases with very slight disturbances in the psychic sphere, in
which, on the contrary, the motor manifestations are most conspicuous.
There are cases in which the two conditions are reversed. They are all
observed in infants that were born by instrumental delivery, and conse¬

quently sustained traumas and suffered from meningeal hemorrhages
during birth.

The three forms of encephalopathies described are the extreme and
gross types. There are many intermediary forms which depend on the
portion of the brain affected by the meningeal hemorrhage. Thus, any
portion of the rolandic area may be affected : the centers of the leg or

arm, face, lips or tongue may be individually compressed. There are

cases with a minimum of diplegia; with pseudobulbar manifestations;
with speech defects showing involvement of the speech centers, motor
or sensory; with an exclusive mental defect indicating an involvement
of the frontal lobes ; with persistent and frequent epileptiform convul¬
sions in which, particularly, the mental development suffers the most.

Finally, there may be cases with unilateral or bilateral cerebellar mani¬
festations, the so-called cerebellar hemiplegia or diplegia types, in which
cerebellar manifestations alone are conspicuous.

CONCLUSIONS

The cause of meningeal hemorrhages is, principally, the tearing of
the membranes due to their overstretching, which leads to rupture of
the blood vessels. To produce a tear, there must be great cranial stress.
Since the latter is frequently the result of protracted, difficult labor,
with instrumental delivery, the obstetrician should bear in mind that
the force used in the application of forceps should not be excessive,
or should not be applied to the wrong diameter of the head, as, for
example, the anteroposterior diameter. In the latter case, the vertical
elongation of the head is, more than anything else, liable to cause over¬

stretching and tearing of the meninges. Forceps are useful, and
in many instances have been responsible for saving lives, but they
may also be responsible for injuries in the fetus leading to conse¬

quences which have a direct bearing on the later physical and mental
development of the child.

The preventive aspect lies in the consideration of all forces that are

liable to lead to tearing of the meninges and the blood vessels. Wrong
presentation and position of the fetus and other causes of difficult labor,
such as prolapse of umbilical cord, the use of instruments or various
manipulations in the delivery of the fetus, are all factors that cannot
be overestimated in the production of cerebral hemorrhages and the
tearing of the meninges.
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Besides the preventive phase, let us consider briefly the therapeutic
aspect of meningeal hemorrhage. With a certain degree of possible
errors, supratentorial hemorrhages, generally speaking, present a some¬

what different clinical picture from the infratentiorial type. In the
former, the blood spreads over the hemispheres of the cerebrum ; in the
latter, over the hemispheres of the cerebellum but also into the medulla.
In the former, the blood cannot go beyond the lower surface of the
tentorium ; in the latter, the blood reaches the subarachnoid space and
may extend into the spinal canal.

For these reasons, in the supratentorial hemorrhage at birth one
finds a bulging fontanel and a group of nervous phenomena, such as

sleeplessness and great restlessness and convulsive seizures, with a

continuation of the condition. In infratentorial hemorrhage, there is
considerable depression, apathy, somnolence, early cyanosis, vasomotor
and respiratory manifestations and rigidity of the neck muscles. In
view of the anatomic differences, respiratory and other bulbar dis¬
turbances will not be observed in the cases of supratentorial hemorrhage.

Cyanosis is late in appearing and, when it does appear, is not pro¬
nounced in the supratentorial hemorrhages, but is early and very
pronounced in the infratentorial cases ; the anterior fontanel is at once

bulging and early in appearance in the supratentorial, but slowly dis¬
tending in the infratentorial cases.

For anatomic reasons, in infratentorial cases lumbar puncture may
be of considerable benefit. Advocated first by Devraigne,4 it was rapidly
adopted by others, and favorable or very satisfactory results have been
reported in the literature. Frequently, the withdrawal of spinal fluid
needs to be repeated. In some cases, such as that of Lippman, one

puncture may suffice. His patient presented convulsions, cyanosis, and
frigidity. As the convulsions increased in intensity, Lippman 5 removed
25 c.c. of bloody spinal fluid. Complete recovery followed. In Green's 6

case, there were convulsions, cyanosis and apnea. Four punctures were
made, 5 c.c. of bloody spinal fluid being removed each time, and all
the symptoms disappeared. Brady7 recently report very favorable
results from lumbar punctures and removal of some spinal fluid. In
the supratentorial cases lumbar puncture does not avail much, as the
blood cannot reach the subarachnoid cavity easily. Surgical therapy
is almost the only issue. Early craniotomy is directly indicated. Favor¬
able results from the very nature of the condition can be expected only
when an operation is performed within a few days after birth. After

4. Devraigne: Th\l=e`\sede Paris de Dutreix, 1905.
5. Lippman, U. J.: New York M. J. 103:263 (Feb. 5) 1916.
6. Green, R. M.: Bost. M. & S. J. 174:947 (June 29) 1916.
7. Brady, J. U.: Lumbar Puncture in Meningeal Hemorrhage of the New\x=req-\

Born, J. A. M. A. 71:347 (Aug. 3) 1918.
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the clot has already produced damage to the cortical tissue, no relief
can be expected. Cushing,8 who obtained four complete recoveries in
nine cases, is of the opinion that no hesitation should exist in operating
on such young infants, in view of the fact that the new-born can with¬
stand cranial operations better than any other operation and that much
less traumatism is created by an operation than by the passage of the
head through the pelvis during birth. With proper hemostasis and
proper preservation of the body temperature during the operation, the
possibility of surgical success, Cushing claims, is secured. In his fatal
cases, he found extensive extravasation over entire hemispheres, and
the patients were in a dying condition. Not too much, he counsels,
should be attempted at one sitting, and a secondary intervention is
advisable.

Henschen 9 advised aspiration of the cranial subdural space in supra¬
tentorial cases, followed by an incision through the coronal suture.
Brady suggests in supratentorial cases, first a lumbar puncture, and im¬
mediately afterward incision below the parietal suture. It seems logical
that in all cases indicating increased intracranial pressure at birth,
lumbar puncture should be resorted to at once, before a definite localiz¬
ing diagnosis is made, since in the infratentorial group it is of definite
therapeutic value, and in the supratentorial group the diagnosis may be
promptly established.

8. Cushing, Harvey: Surgery of the Head, Philadelphia, W. B. Saunders
Company, 1908.

9. Henschen: Verhandl. d. Deutsch. Gesellsch. f. Chir. 41:271, 1912.
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