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Neonatal lntracranial Hemorrhage
Pathophysiology, Neuropathology,
and Clinical Features

Joseph]. Volpe,M.D.*

Intracranial hemorrhage in the neonatal period is an important clinical problem. Its importance relates in part to a very high frequency of
occurrence. In addition, over the past several years there have been
distinct changes in the spectrum of neonatal intracranial hemorrhage,
changes caused by improvements in obstetrical practice, and by the advent of modern neonatal intensive care. The former has resulted in a
reduction in traumatic hemorrhages and the latter in an increase in
survivors of hemorrhages that would have resulted in death in previous
years.
Precise assessment of the frequency of clinically significant
neonatal intracranial hemorrhage is difficult to as certain for several reasons. Estimates of the frequency at postmortem examination have
varied from 9 to 30 per cent. 18• 22• 42 •55 However, it is clear that many
examples of hemorrhage noted at autopsy, especially small amounts of
subarachnoid hemorrhage and small periventricular hemorrhages, are
agonal events, and clinical significance should not be ascribed to such
occurrences. Moreover, because different pathogenetic factors (i.e.,
primarily trauma and/or hypoxia) are operative in intracranial hemorrhage, statements of frequency in various reports vary depending on the
nature of the population studied and the state of the obstetrical art at the
time and place of the report. Finally, the clinical diagnosis depends in
considerable part on cerebrospinal fluid findings and interpretation of
the cerebrospinal fluid is often difficult in the neonatal period. Although
computerized tomography of the cranium (EMI scan) may prove to be
the most precise means of establishing the clinical diagnosis (see below),
interpretation of the findings in the cerebrospinal fluid is the major complement to careful analysis of the clinical signs.

Interpretation of the Cerehrospinal Fluid
Findings in the cerebrospinal fluid that indicate intracranial
hemorrhage are xanthochromia of the centrifuged fluid, and elevations
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of the number of red blood cells and the protein content. Particular emphasis should be placed on the occurrence of combinations of findings
rather than a single, isolated abnormality. Xanthochromia of the cerebrospinal fluid develops within several hours after hemorrhage in older
children and adults. The evolution of xanthochromia in newborns has
not been studied systematically, although we have the impression that it
occurs more slowly than in older patients. This might relate to a delay in
the induction of the enzyme, heme oxygenase, which is located in the
arachnoid and is responsible for the conversion of heme to bilirubin, 43
the major pigment accounting for xanthochromia of the cerebrospinal
fluid. In adult rats the activity of this heme oxygenase reaches peak
values 6 to 12 hours after injection ofheme into the subarachnoid space;
comparable data are not available for humans. The number of red blood
cells that should be considered "significant" is difficult to determine, in
part because of the remarkably wide range of values considered "normal. " 3, 5 , 2 1, 35, 37 For example, some observers consider as "normal" a few
hundred red blood cells per cubic millimeter. 2 We consider such values
too high. Thus if examples of obvious intracranial hemorrhage were excluded, a (geometric) mean value of 30 red blood cells per cubic millimeter in cerebrospinal fluid was obtained in a retrospective series of 343
lumbar punctures performed recently at St. Louis Children's Hospital. 14
Moreover, in another recent study of 11 7 infants in a neonatal intensive
care unit the most frequently occurring red blood cell count (the mode)
was O. 47 Values for cerebrospinal fluid protein are higher in newborns in
an intensive care nursery than in older children. Thus in the latter series
an average protein content in cerebrospinal fluid of 90 mg per dl was
observed for term infants and 115 mg per dl for preterm infants. We
obtained similar data. 14 Values in intracranial hemorrhage are usually
several-fold or more higher than these. Finally, the cerebrospinal fluid
glucose determination may be helpful in the diagnosis. Thus in normal
term and preterm infants the ratios of cerebrospinal fluid to blood glucose are relatively high, i.e., 0.81 and O. 74, respectively. 47 After neonatal
intracranial hemorrhage, especially intraventricular hemorrhage, the
cerebrospinal fluid glucose is frequently low. Of 23 premature infants
with intraventricular hemorrhage, approximately 60 per cent (15 patients) had cerebrospinal fluid glucose values of 35 mg per dl or lower,
beginning as early as one day and lasting as long as three months after
the ictus. 10, 11 (The cerebrospinal fluid hypoglycorrachia observed after
subarachnoid hemorrhage in adults reaches lowest values after five to
seven days. 58 ) When the low cerebrospinal fluid glucose is accompanied
by pleocytosis, secondary to meningeal inflammation from the blood, the
possibility of bacterial meningitis is often considered. Although this is
reasonable, it should be recalled that hypoglycorrachia and cerebrospinal fluid pleocytosis are not infrequent after intracranial hemorrhage.

Classification and Pathogenesis
There are four major clinically important types of neonatal intracranial hemorrhage (Table 1): subdural hemorrhage; primary subarachnoid
hemorrhage; periventricular, intracerebral (intraventricular) hemor-
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Table l.

Classification and Pathogenesis of Intracranial Hemorrhage

TYPE OF HEMORRHAGE

Subdural
Primary subarachnoid
Periventricular, intracerebral
(intraventricular)
Intracerebellar

MAJOR PATHOGENETIC FACTOR(S)

Trauma
Trauma (full-term > premature)
Hypoxia (premature > full-term)
Hypoxia

? Hypoxia

rhage; and intracerebellar hemorrhage. The distinctive pathogenesis of
each of these is discussed in the appropriate section below. It should be
recognized at the outset that two major pathogenetic themes are operative, i.e., trauma and hypoxia (Table 1). Subdural hemorrhage is principally related to trauma; periventricular, intracerebral (intraventricular)
hemorrhage is principally related to hypoxia. Subarachnoid hemorrhage
is related both to trauma and hypoxia; the former may be more important
in the full-term and the latter in the premature infant. The pathogenesis
of intracerebellar hemorrhage is unclear although a relation to hypoxia
is the best possibility. Although the various types ofhemorrhage, as well
as the major pathogenetic factors, may occur concurrently, almost invariably a single variety ofhemorrhage and series ofpathogenetic events
dominate the clinical syndrome. These major varieties of intracranial
hemorrhage are discussed next.

SUBDURAL HEMORRHAGE
N europathological F eatures
An understanding of the neuropathology of neonatal subdural
hemorrhage requires a brief review of the major anatomical features of
the veins involved in the production of such hemorrhage (Fig. 1). The
deep venous drainage of the cerebrum empties into the great vein of
Galen at the junction of the tentorium and falx. The confluence of the
vein of Galen and the inferior sagittal sinus, the latter located in the
inferior margin of the falx, forms the straight sinus. This sinus proceeds
directly posteriorly and joins the superior sagittal sinus, located in the
superior margin of the falx, to form the lateral sinus. Blood in the lateral
sinuses, located in the lateral margins of the tentorium, proceeds eventually to the jugular vein. The superficial portion of the cerebrum is
drained by the superficial cerebral veins which empty into the superior
sagittal sinus. Tears of the se several veins and/or venous sinuses, occurring secondary to forces to be described below and often accompanying
laceration of dura, result in subdural hemorrhage.
The three major varieties ofneonatal subdural hemorrhage (Table 2)
in volve: tentorial laceration with rupture of the straight sinus, vein of
Galen, or lateral sinus; falx laceration, with rupture of the inferior sagittal sinus; and rupture of superficial cerebral veins. With tears of the
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Sinus

lnfer1or sagittal sinus

Straight sinus

Transverse sinus

Anterior Facial vein

)
Figure 1. Major cranial vems and dural sinuses. The ventricular system is also shown. The
superior sagittal smus runs in the superior border of the faix and the inferior and straight
sinuses in the mferior border. The transverse sinus runs in the outer border of the tentorium.
(Adapted from Truex, R. C., and Carpenter, M. B.: Human Neuroanatomy. Baltimore,
Williams and Willdns Co., 1969.)

tentorium, hemorrhage is most often infratentorial. 8 • 22 This is the case
particularly with ruptures of the vein of Galen or straight sinus or with
severe involvement of the lateral sinus. The clot extends into the posterior fossa and very rapidly results in lethal compression of the brain
stem. 8 • 16• 18• 22•51• 57 Massive infratentorial hemorrhage from a rupture of
the vein of Galen may also occur without visible tear of the tentorium.
Although formerly the most common variety of major subdural
hemorrhage in the newborn period, tentorial laceration is now very uncommon.
Laceration of the falx usually occurs at a point near the junction of
the falx with the tentorium. The source ofbleeding is usually the inferior
sagittal sinus and the dot is located in the longitudinal cerebral fissure
over the corpus callosum. Laceration of the falx is now even more uncommon than tentorial laceration.
Rupture of the bridging, superficial cerebral veins results in
hemorrhage over the cerebral convexity, the well known convexity sub-

Table 2. Neuropathology of Subdural Hemorrhage
SOURCE OF BLEEDING

Straight smus, vem of Galen, lateral sinus
Inferior sagittal sinus
Superficial cerebral veins

LOCATION OF IIEMOTOMA

Infratentorial > supratentorial
Longitudinal cerebral fissure
Surface of cerebral convexity
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dural hematoma. The hematoma is usually more extensive over the lateral aspect of the temporal lobe than near the superior sagittal sinus.
This type of subdural hemorrhage is a relatively common occurrence
and, indeed, a frequent incidental finding at autopsy of the term newborn. 57 When such bleeding occurs in considerable amount, it is usually
unilateral and accompanied by subarachnoid blood. 49 The trauma that
leads to the hemorrhage frequently results also in cerebral contusion,
and the latter, in fact, may dominate the clinical picture.

Clinical Features
NEUROLOGICAL SYNDROMES AND AcuTE COMPLICATIONS. In contrast to the considerable literature relative to the neuropathological aspects of subdural hemorrhage, surprisingly little clinical neurological
data are available. However, some important conclusions can be drawn
from our own observations and those recorded by others. 8 • 16• 22
TENTORIAL LACERATION. Tentorial laceration with massive infratentorial hemorrhage is associated with neurological disturbance
from the time of birth. Initially the baby, almost always full-term, demonstrates signs of midbrain-upper pons compression, i.e., stupor or
coma, skew deviation of eyes with lateral deviation that is not altered by
doll's head maneuver, and unequal pupils with some disturbance of response to light. In infratentorial hemorrhage, marked nuchal rigidity
with retrocollis or opisthotonus may also be a helpful early sign. 64 Over
minutes to hours, as the dot becomes larger, stupor progresses to coma,
pupil(s) may become fixed and dilated, and signs of lower brain stem
compression appear. Ocular bobbing and ataxie respirations may occur,
and finally respira tory arrest will ensue.
F ALX TEARS. No careful description of the clinical course of falx
tears with subdural hemorrhage is available. However, it is likely that
initially bilateral cerebral signs appear but that striking neurological
findings do not occur until the dot has extended infratentorially. The
resulting syndrome is then similar to that just described.
CEREBRAL CoNVEXITIES. Subdural hemorrhage over the cerebral
convexities is associated with at least three clinical states. First, and
probably most common, minor degrees ofhemorrhage occur and no clinical signs are apparent. Second, signs of cerebral disturbance may occur,
especially seizures, with the most common time of onset being the second or third days of life. The seizures may be focal and are often accompanied by focal cerebral signs (e. g., hemiparesis, deviation of eyes to the
side contralateral to the hemiparesis-although the eyes will move by
doll's head maneuver since this is a cerebral lesion). These focal cerebral
signs are definite though usually not striking. The most distinctive
neurological sign is unilateral dysfonction of the third cranial nerve,
usually manifested by a nonreactive or poorly reactive dilated
pupil. 8 • 48• 49 • 62 This occurs secondary to compression of the third nerve by
herniation of the temporal lobe through the tentorial notch. An excellent
example of such a neurological syndrome associated with subdural
hematoma was a hemophiliac newborn we recently studied. 62 On set of
the neurological syndrome was the fourth day of life. After an initial
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subdural tap had produced 25 ml of bloody fluid, only 2 to 3 ml could be
obtained on the seventh postnatal day, prompting the EMI scan shown in
Figure 2. A large, apparently tightly clotted hematoma was clearly demonstrated. A third clinical presentation, though still not established unequivocally, may be the occurrence of subdural hemorrhage in the
neonatal period with few clinical signs and the development over the
next several months of a chronic subdural effusion. It is certainly well
known that many infants presenting in the first six months oflife with an
enlarging head, increased transillumination, and chronic subdural effusion have no known etiology for the lesion and that subdural hemorrhage
can evolve into subdural effusion. 31 , 41 This potential relationship deserves further study, although the difficulties in construction of such a
study are obvious.
PROGNOSIS AND SEQUELAE. Infants with lacerations of the tentorium and falx have a very poor outlook. Nearly a11 die; the rare survivor
is left with hydrocephalus secondary to obstruction offlow of cerebrospinal fluid at the tentorial notch or over the convexities. In c0ntrast, the
prognosis with convexity subdural hemorrhage is better; from 50 to 80
percent of these infants are well on follow-up. 42, 48 The remainder are left
with focal cerebral signs and, occasionally, hydrocephalus.
MANAGEMENT. The severity of the initial trauma and the rapid
progression to brain stem compromise has rendered effective treatment
nearly impossible in major tears of the tentorium and falx. Theoretically
rapid surgical evacuation might provide some hope for salvage of the
affected baby.
Effective management of the infant with an acute convexity subdural hematoma requires careful sequential clinical observation. Subdural taps should be utilized to reduce signs of increased intracranial
pressure and to prevent the development of cephalocranial disproportion, the latter serving only to perpetuate subdural bleeding. Repeated
subdural taps should not be performed if the infant is asymptomatic and

Figure 2. EMI scan (computerized
tomography) of the cranium in an infant with severe hemophilia A. Note
the elliptical are a ofincreased density
on the left outlining the large subdural hematoma. A small periventricular, intracerebral hematoma and
markedly displaced ventricles can
also be observed. (See Volpe et al. 62
for case report.)
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the head is not growing rapidly. Concern about the development of constricting subdural "membranes" has been overestimated in the past.
Surgery is necessary if subdural taps are not effective in controlling the
two complications just discussed.
Pathogenesis
Subdural hemorrhage in the neonatal period is almost exclusively a
trauma tic lesion of the full-term baby. 8 •18• 22 The major factors involved in
the production of the trauma tic event (Table 3) relate to: the relationship
of the size of the fetal head to the size of the birth canal; the rigidity of the
birth canal; the duration and progression of labor; and the manner of
delivery. Thus subdural hemorrhage is most likely to occur when the
baby is relatively large and the birth canal relatively small; when the
pelvic structures are unusually rigid as in a primiparous or elderly
multiparous mother; when the duration oflaboris either unusually brief,
not allowing enough time for dilation of the pelvic structures, or unusually long, subjecting the head to prolonged compression and molding;
when the head must pass through a birth canal not gradually adapted to
it, as in foot or breech presentations; when the head is subjected to
unusual deforming stresses such as with face or brow presentations; or
when delivery requires difficult forceps extraction or rotational maneuvers. Under such circumstances there is excessive vertical molding of
the head and/or fronto-occipital elongation. This results in stretching of
both the falx and tentorium and a tendency for tearing of the tentorium
near its junction with the falx. Even if laceration does not occur the
sinuses into which the vein of Galen drains are placed on stretch, and the
result may be tear of the vein of Galen or its immediate tribu taries. Thus
result the first group of subdural hemorrhages described above. Tear of
the falx occurs particularly with extreme fronto-occipital elongation, especially that associated with face or brow presentation. Extreme vertical
molding underlies most tears of superficial cerebral veins and the formation of convexity subdural hematoma. In addition to the hemorrhagic
phenomenajust described, injudicious use of forceps, particularly mid or
high forceps, can result in skull fracture and cerebral contusion by direct
compressive effects.

Table 3.
AT RISK

Mother

Infant
Labor
Delivery

Pathogenesis of Subdural Hemorrhage
PREDISPOSING FACTOR

Primiparous
Older multiparous
Small birth canal
Large head
Precipitous
Prolonged
Breech extraction
Foot, face, brow presentation
Difficult forceps extraction
Difficult rotation
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Fortunately, operation of many of these pathogenetic factors has
been eliminated by vastly improved obstetrical practice in most centers.
Thus on many obstetrical services subdural hemorrhage of any sortis a
very uncommon occurrence. Indeed, considered together, subdural
hemorrhages are by far the least common of the three major varieties of
neonatal intracranial hemorrhage.

PRIMARY SUBARACHNOID HEMORRHAGE
Neuropathological Features

Pr.u'Tiary subarachnoid hemorrhage refers to hemorrhage v,ithin the
subarachnoid space that is not secondary to extension from subdural,
intraventricular, or intracerebellar hemorrhage. This is the most cornmon variety of neonatal intracranial hemorrhage. The source of the
bleeding is usually venous and thus subarachnoid hemorrhage in the
newborn is unlike the dramatic arterial hemorrhage of older patients.
Small amounts of subarachnoid blood are not infrequently found in
postmortem examinations of newborns not suspected clinically of having sustained intracranial hemorrhage. 57 Even in major degrees of subarachnoid hemorrhage, significantly increased intracranial pressure
with brain stem compression is extremely uncommon (perhaps because
the hemorrhage emanates from small veins and not large vessels or
arteries) and the only significant sequela clearly related to the hemorrhage is hydrocephalus. The latter is secondary either to adhesions around
the outflow from the fourth ventricle or the tentorial notch, which result
in obstruction to flow of cerebrospinal fluid, or to adhesions over the
cerebral convexities, which result in impaired flow of cerebrospinal fluid
and/or absorption.
Clinical Features

NEUROLOGICAL SYNDROMES AND ACUTE COMPLICATIONS. The clinical features of primary subarachnoid hemorrhage have been difficult to
delineate for several reasons. Thus the lesion is often associated with
other factors, such as trauma or hypoxia, deleterious to brain function.
In addition, precise diagnosis is difficult because subarachnoid blood
occurs with the other three varieties of neonatal intracranial hemorrhage, the clinical spectra ofwhich can be broad. N evertheless, we believe
that three major syndromes can be distinguished. First, and probably
most commonly, minor degrees ofhemorrhage occur and no signs develop. This is particularly the case with premature infants, who account for
approximately 75 per cent of all babies with subarachnoid hemorrhage. 8' 18 •22 Second, primary subarachnoid hemorrhage can certainly result in seizures, especially in full-term infants. 8• 44 The seizures most
often have their onset on approximately the second day of life. This is a
consistent and very helpful clinical finding. In the interictal period these
babies usually appear remarkably well and the euphemism, "well baby
with seizures," often seems appropriate. A related syndrome in premature infants is the occurrence of recurrent apneic spells, which may or
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may not be a manifestation of seizure. This must be determined for each
individual case and management adjusted accordingly. A third syndrome, quite rare, is massive subarachnoid hemorrhage with a rapidly
fatal course. These infants have usually sustained a severe hypoxie insult with an element of trauma at the time of birth. 8' 18 Occasionally, such
an occurrence develops in a premature infant approximately 48 hours
after severe hypoxia associated with respiratory distress syndrome, often
when the baby is recovering from the pulmonary disease. 23 The
neurologie al syndrome has been similar to the catastrophic deterioration
described below for some patients with intraventricular hemorrhage. An
example of a fatal course with primary subarachnoid hemorrhage was a
patient we recently studied, a 4800 gm infant who was born to a 1 7 year
old mother and developed moderate respiratory disease with hypoxemia
after birth. On the second postnatal day a catastrophic deterioration occurred; the EMI scan shown in Figure 3 demonstrates blood in the subarachnoid space. The infant developed severe, acute hydrocephalus and
had a craniotomy, which revealed only subarachnoid blood dot over the
posterior cerebral convexities and in the posterior fossa. The baby died
postoperatively and no source of the hemorrhage was found at autopsy.
PROGNOSIS AND SEQUELAE. In general the prognosis for infants
with primary subarachnoid hemorrhage, without serious traumatic or
hypoxie injury, is good. Speci:fically, those infants with minimal signs in
the neonatal period virtually uniformly do well. Those infants with seizures as the primary manifestation of the hemorrhage are normal on
follow-up in approxima tely 90 percent of cases. 44 The rare patient with a
catastrophic course with massive subarachnoid hemorrhage either dies
or is left with serious neurologie residua. The major sequela after subarachnoid hemorrhage is hydrocephalus. Disproportionate increase in
head size begins weeks to months after the ictus and usually requires
therapy. Nevertheless, it is clear that a transient period of increased

Figure 3. EMI scan of the
cranium in a full-term infant with
a p1imary subarachnoid hemorrhage. Note the regions of increased density, representing
blood, in the subarachnoid space
of the longitudinal cerebral fissure
and over the postelior cerebrum.
The lateral ventricles are moderately dilated.
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head growth with apparent arrest of the hydrocephalic process can occur; the frequency of this occurrence is unknown. The outcome in those
children with hydrocephalus after subarachnoid hemorrhage who are
shunted is better than in those who develop hydrocephalus after intraventricular hemorrhage (see below). In a large series of patients with
hemorrhagic hydrocephalus that probably included a substantial (but
unknown) number of infants who experienced primary subarachnoid
hemorrhage, Lorber observed in surgically treated infants a mortality of
approximately 15 percent; of the survivors, 50 percent were of normal
intelligence and 35 per cent both of normal intelligence and free of any
major motor deficit. 28
MANAGEMENT. The management is essentially that of posthemorrhagic hydrocephalus and this is discussed in detail below in relation to
intraventricular hemorrhage.

Pathogenesis
Primary subarachnoid hemorrhage in the neonatal period is primarily related to hypoxie insult, particularly in premature infants. The relationship of the hypoxie insult to the development of the hemorrhage is
similar to that described in detail below for intraventricular hemorrhage.
The interval between hemorrhage and hypoxie insult (i.e., approximately two days) 23 may be the time required for endothelial injury to
develop fully. Since the hypoxie insult often occurs at the time of birth,
the peak occurrence of seizures with subarachnoid hemorrhage on the
second postnatal day is noteworthy in this regard. Moreover, as noted
above, the occurrence of hemorrhage during the phase of "recovery" of
respiratory distress syndrome is also consistent with these considerations. Finally, trauma plays a contributory role in a minority of newborns with subarachnoid hemorrhage, particularly some of the full-term
infants. The pathogenetic factors are similar to those just described for
subdural hemorrhage.

PERIVENTRICULAR INTRACEREBRAL
(INTRA VENTRICULAR) HEMORRHAGE
N europathological Features
Although it is customary to refer to this variety of intracranial
hemorrhage as intraventricular hemorrhage, a more descriptive appellation is periventricular, intracerebral hemorrhage. In its most striking
form, this lesion is characterized by hemorrhage into the cerebral white
matter, particularly the centrum semiovale and/or, less commonly, the
caudate nucleus, which bursts through the ependyma and extends
throughout the ventricular system (Fig. 4A). 25 , 5 i, 57,s 7 However, 40 per
cent of the lesions may be confined to the subependymal region and
never enter the ventricular system. 19 The hemorrhage most commonly
originates at the lev el of the foramen of Monro (Fig. 4A). 25 ,s 7 For example, 90 per cent of periventricular, intracerebral hemorrhages originat-
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Figure 4. A, Periventlicular hemorrhage with intraventricular rupture at the level of the
foramen of Monro (see probe); blood fills both lateral ventricles. Site of rupture ofhemorrhage
from the right periventricular region can be seen. B, Extension of the hemorrhage into posterior lateral ventricles, the aqueduc! of Sylvius, fourth ventricle, and the subarachnoid space
around the cerebellum and base of the brain. (Courtesy of Dr. John Axley.)

ing from a single site were located at the lev el of the foramen of Monro in
Yakovlev's 65 specimens. 67
The venous drainage of those regions of cerebrum from which the
hemorrhages originate is part of a complicated system that eventually
terminates in the great cerebral vein of Galen (Fig. 5). Thus blood from
the cerebral white matter, striatum, and thalamus is carried through the
anterior and posterior terminal, choroidal, and thalamostriate veins.
These drain into the interna! cerebral vein, and it is at this point that the
direction of flow changes as the internal cerebral courses directly posterior to empty into the vein of Galen. The major preliminary events prior
Thalarnostr1ate vein

vain

caudate

Anterior_ terminal
ve1n

cerebral veins

Figure 5. Veins of the Galenic system, midsagittal view. Note that the choroidal, thalamostriate and terminal (only anterior terminal shown) veins form the intemal cerebral vein, and
that the major flow of blood changes direction sharply at that juncture. (Adapted from Tru ex,
R. C., and Carpenter, M. B.: Human Neuroanatomy. Baltimore, Williams and Willdns Co.,
1969.)
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to the development of the hemorrhage, i.e., venous stasis and thrombosis, occur most often at this site of change in directional blood flow,
which is at the lev el of the foramen of Monro and the head of the caudate
nucleus. The sequential development of the hemorrhage was elucidated
well by the work of Larroche. 25 By examining serial sections of early as
well as established lesions, she was able to demonstrate venous thrombosis at various points in the terminal or thalamostriate veins. These
appeared to result in petechial hemorrhages in the subependymal germinal matrix, which is almost devoid of supporting connective tissue.
The petechiae became confluent, hematoma formed, enlarged, and
finally ruptured into the ventricular system. The hemorrhage spread
throughout the ventricular system, passed through the foramina of
Magendie and Luschka, and collected in the posterior fossa (Fig. 4B).
Occasionally, hemorrhage extended forward to the supratentorial regions.
Hydrocephalus, secondary to intraventricular hemorrhage, results
in most cases because of the obliterative arachnoiditis in the posterior
fossa that blocks the flow of cerebrospinal fluid from the fourth ventricle
or through the posterior fossa. 26 Less commonly aqueductal stenosis is
the site of obstruction.

Clinical Features
NEUROLOGICAL SYNDROMES AND AcUTE COMPLICATIONS. The two
dominant clinical features of periventricular, intracerebral (intraventricular) hemorrhage are the almost invariable associations of the lesion
with prematurity (the risk of the hemorrhage increases with decreasing
gestational age) and with a serious hypoxie event, occurring either
around the time ofbirth or in association with severe respiratory distress
syndrome.1.s, 19 , 25 ,s 7 Approximately 50 to 70 per cent of premature infants
will exhibit such hemorrhage at autopsy. 19•27 •55 • 60 Two major clinical syndromes associated with intraventricular hemorrhage can be defined: a
rapidly evolving, catastrophic deterioration, and a more saltatory deterioration. The first syndrome is more common (Table 4). Onset depends

Table 4.

Clinical Features of Periventricular, Intracerebral
(Intraventricular) Hernorrhage
Catastrophle deterioration
Evolution in minutes to hours
Neurologie features:
Corna
Hypoventilation ---> respiratory arrest
Generalized tonie seizure
''Decerebrate" posturing
Pupils fixed to light
Eyes fixed to vestibular stimulation
Flaeeid quadriparesis
Saltatory deterioration
Stuttering evolution-hours to days
Neurologie features: Fragments of eatastrophie syndrome
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in large part on the timing of the major hypoxie insult leading to the
hemorrhage. Thus if the insult occurs at birth the deterioration occurs
after 24 or 48 hours of life, and if the insult occurs in association with
severe respiratory distress syndrome, the deterioration follows in 24 to 48
hours and, thus, after several days oflife (and perhaps during the period
ofrecovery from the pulmonary disease). 23 •60 The signs evolve in minutes
to hours and consist of coma, hypoventilation----> respiratory arrest, generalized tonie seizures, "decerebrate" posturing, pupils fixed to light,
eyes fixed to all vestibular stimulation, and fiaccid quadriparesis. This
neurologie deterioration is accompanied particularly by a bulging anterior fontanel and a falling hematocrit. Cerebrospinal fiuid pressure is
most commonly in the range of250 to 300 mm water, although we have
observed even higher values occasionally. Other concomitants include
hypotension, bradycardia, temperature derangements, metabolic
acidosis, and hyperglycemia. The neurologie syndrome appears to be
related to the movement of blood through the ventricular system and
affecting, sequentially, the diencephalon, midbrain, pons, and medulla.
Whether the critical factor is the blood, the pressure wave associated
with rupture or other factor(s) is unknown. The technique of timing dot
formation after the injection of chromium 50-labeled red blood cells 60
may help resolve this issue. Computerized tomography of the cranium
provides an excellent opportunity to deterrnine in vivo the extent of the
hemorrhage (Fig. 6).
We have defined a second important clinical syndrome in association
with autopsy-proven intraventricular hemorrhage (Table 4). This syndrome is less common than the first, although the precise frequency is
difficult to determine because many of the infants are either on a ventilator at the time of the ictus or are rapidly placed on a ventilator at the
early signs of deterioration. The course of this second syndrome is saltatory or stuttering. Sudden onset of stupor occurs in minutes as in the first
syndrome. This is usually followed in minutes to a few hours by some of
the signs recorded above. However, the deterioration then ceases and the
baby either stabilizes or may even improve. Sever al hours later the same
brief deterioration may become apparent, with stabilization or improvement again following. The clinical state worsens each time and the infants usually expire within 48 hours. We have attributed much of this
syndrome to intermittent leaking of blood into the ventricular system
and the final deterioration to major rupture into the ventricular system.
Recent data indicate that such patients can develop posthemorrhagic
hydrocephalus. In a series of 11 infants with hydrocephalus secondary to
definite or probable intraventricular hemorrhage, six exhibited only
fragments of the catastrophic clinical deterioration. 10
PROGNOSIS AND SEQUELAE.
On the basis of current information it is
reasonable to conclude that nearly all infants with major intraventricular hemorrhage will either die in the immediate neonatal period or develop hydrocephalus. The mortality rate is difficult to establish because
the diagnosis, based on the clinical features and the characteristic
findings of cerebrospinal fiuid obtained from the lumbar subarachnoid
space, is not made in all cases. The use of computerized tomography of
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Figure 6. A, EMI scan of the cranium in a 10 day old, 2450 gm infant who sustained intrauterine asphyxia and then a catastrophic deterioration at 1 day of age. Note the regions of
increased density, representing blood, in pe1iventricular, intracerebral loci at the anterior and
posterior tips of the left lateral ventricle. B, EMI scan of the cranium in a 11 day old, 1290 gm
infant who sustained intrauterine asphyxia, and then a catastrophic deterioration. Note the
regions of increased density, representing blood, in right frontal, periventricular intracerebral
locus, in the dilated occipital horns and in the third ventricle.

the cranium (see Figs. 6 and 7A) should provide a much more reliable,
premortem diagnosis. Nevertheless, a preliminary review of our experience leads to the estimate that approximately 15 to 20 percent of infants
with intraventricular hemorrhage survive the initial ictus. This percentage of survivors appears to be increasing. Of these survivors at least 80
percent develop hydrocephalus,m 15 and this current critical problem in
neonatal neurology is discussed next.
Hydrocephalus is a serious problem not only because of the obvious
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importance of the brain injury that results but also because the traditional me ans of making the clinical diagnosis have been shown recently
to be inadequate. The traditional clinical criteria for the diagnosis of
hydrocephalus in the infant (i.e., bulging anterior fontanel, abnormally
rapid head growth) appear to develop after major degrees of ventricular
dilatation have already occurred. In a neuropathologie study of hydrocephalus secondary to intraventricular hemorrhage, Larroche 26
noted that four of seven patients did not exhibit an abnormal rate of head
growth. In a clinical study of six patients, Korobkin 24 concluded that
ventricular dilatation must develop prior to the increase in rate of head
growth, which occurred one to three weeks after the ictus. However,
ventricular dilatation prior to the increase in head circumference was
not documented. We have obtained such documentation recently (Figs. 7
and 8).
The first case, a 1600 gm baby born after a 30 week gestation, experienced perinatal asphyxia and clinical signs of intraventricular
hemorrhage (see catastrophic syndrome described above) on the second
day of life. An EMI scan six days later showed an intraventricular
hemorrhage (Fig. 7A). During the ensuing eight days no head growth nor
clinical signs of increased intracranial pressure occurred; however, a
second EMI scan revealed distinct ventricular dilatation (Fig. 7B). The
second case, a 1950 gm baby born after a 36 week gestation, experienced
a postnatal respiratory disturbance, and at six days of age clinical signs
compatible with the saltatory syndrome of intraventricular hemorrhage
(see above). Cerebrospinal fluid was light brown and contained 1200 red
blood cells with a protein concentration of 800 mg per dl and sugar concentration of 1 7 mg per dl. From the 6th to the 16th days, the time of the
EMI scan (Fig. 8), although no change in head size or development of

Figure 7. A, EMI scan of the crarrium in a 6 day old, 1600 gm infant who sustained intrauterine asphyxia. Note the increased density, representing blood, filling both lateral ventricles. B, EMI scan of the cranium of the infant deseribed in A. This scan, performed 8 days
later, now shows marked dilatation of the lateral ventricles (left side seen well in this tomographie eut).
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Figure 8. EMI scan of the
cranium in a 16 day old, 1950 gm
infant. See text for clinical details.
Note the markedly dilated lateral
ventricles.

signs of increased intracranial pressure occurred, marked enlargement
of the lateral ventricles was again apparent. Two days later a marked
increase in the rate of head growth began and over the next week averaged approximately 0.5 cm per day. This was accompanied by the development of a full anterior fontanel. These cases indicate that ventricular
dilatation begins within a week after the hemorrhage and predates the
increase in the rate of head growth by days to weeks. The reason(s) for
the occurrence of impressive ventricular dilatation prior to the development of rapid head growth and the signs of increased intracranial
pressure must relate to the developmental state of the cerebrum in the
neonatal period. The most relevant features are the paucity of myelin
and relative excess of water in the centrum semiovale. In hydrocephalus
the white matter is encroached upon and the gray matter relatively
spared. 3446 The more marked dilatation of the occipital versus the frontal
horns of the lateral ventricles, illustrated in essentially all of our patients
and particularly well in Fig. 9, is compatible with this view. The central
gray nuclei, anteriorly, are less affected than the white matter,
posteriorly.
The outlook in the infants with hydrocephalus after intraventricular
hemorrhage is not good. Of 24 infants collected from three recent
studies, 10, 15 •24 only three are developing normally after brief periods of
follow-up. Six died and most of the remainder are left with severe
de:ficits, including severe psychomotor retardation and spastic motor disturbances. The prognosis may not be so grim in infants who do not exhibit the catastrophic deterioration with their hemorrhage. Of six such
patients in the series of Deonna et al., 10 two were normal, two moderately retarded, and two severely retarded on follow-up. Five of the 24
children in the three series did not require permanent drainage of cerebrospinal fluid, i.e., the hydrocephalus either underwent spontaneous
arrest without shunt placement or the shunt was removed without clinical deterioration.
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EMI scan of the cranium

in a 5 week old infant who was a

1400 gm premature infant and sustained an intraventricular hemorrhage in the first week of life. Rapid
head growth began in the third
week of life. Note the marked and
disproportionate dilation of the a tria
and JJosterior horns of the lateral
ventricle s.

Factors in addition to hydrocephalus are important in the genesis of
brain injury after intraventricular hemorrhage. Sorne infants who did
not develop hydrocephalus or whose hydrocephalus underwent spontaneous arrest have had serious neurologie residua, and some who were
treated relatively later in their course have done wen. 10, 15 Since nearly all
of these babies have sustained hypoxic-ischemic insults, it is likely that
they exhibit the characteristic neuropathology of neonatal hypoxicischemic encephalopathy, e. g., periventricular leukomalacia, neuronal
necrosis of cerebral and cerebellar cortices and various brain stem nuclei. 63 In addition, however, we believe that a previously underestimated
cause of injury in these infants results from the marked increase in
intracranial pressure that occurs at the time of the hemorrhage. We
frequently have observed cerebrospinal fluid pressures in the range of
250 to 300 mm water. Cerebral perfusion pressure is related to the mean
arterial blood pressure minus the intracranial pressure. The best available data from studies of normal animals indicate that when mean arterial blood pressure reaches approximately 35 mmHg there are compromises in cerebral perfusion, especially in gray matter, and rapid loss
of brain energy reserves. 4 , 4 o, 52 Although data for the perinatal human are
lacking, studies of cerebral perfusion in fetal sheep are compatible with
this conclusion. Extrapolated to the infant with intraventricular
hemorrhage, whose cerebrospinal fluid pressure is increased to the
range of 20 to 25 mmHg and whose mean arterial blood pressure is often
seriously lowered, it is clear that very marked deficits in brain perfusion
must occur. Indeed, total brain necrosis with the clinical constellation of
"brain death" is the usual mode of demise for these infants.
MANAGEMENT. Management of the acute hemorrhage should begin
with the question, Should the baby be treated? Those infants who exhibit
the catastrophic clinical deterioration described above have major de-
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grees of hemorrhage and the available data suggest that there is a
greater than 95 per cent chance that the baby will die or develop hydrocephalus and serious neurological sequelae (see above). Those infants with the saltatory deterioration may have a better outlook but more
data clearly are needed. Obviously we are dealing with an important
ethical question which requires detailed consideration on its own (see
the article by Drs. Hemphill and Freeman).
If the acute hemorrhage is to be treated, the major task, in addition
to providing the variety of supportive measures well known to neonatal
physicians, is to maintain cerebral perfusion. Hypotension should be corrected promptly and vigorously. In addition, increased intracranial
pressure should be lowered. Ventricular drainage bas been utilized with
limited success by others, 10 but is fraught with hazards. If there is communication of the ventricles with the lumbar subarachnoid space, repeated lumbar punctures could be utilized. The dangers ofthis approach
regarding possible precipitation of transtentorial or tonsillar herniation
are essentially unknown.
The survivors should be followed with serial EMI scans to detect the
early appearance of ventricular dilatation. Ventricular dilatation in ex-·
perimental and human hydrocephalus leads to axonal swelling and disruption. 33• 46 •65 A role for stretching of blood vessels with diminutions in
cerebral blood flow in the production of the injury bas been suggested by
studies with animals. 66 If accelerated head growth and signs of increased intracranial pressure have already occurred in the infant, then
the physician knows that ventricular dilatation bas already been present
for days to weeks. The therapeutic choices include: compressive head
wrapping; repeated lumbar punctures; drugs to decrease production of
cerebrospinal fluid, e.g., acetazolamide or digoxin; certain osmotic
agents, e. g., isosorbide or glycerol; and shunting. Compressive head
wrapping bas been used with some success in young infants; the beneficial effect apparently occurs because the procedure may result in increased transventricular absorption of cerebrospinal fluid and perhaps in
the opening of blocked pathways of cerebrospinal fluid. 12• 13 Small premature infants with thin fragile skin may not be good candidates for this
approach. Cessation of the progression of hydrocephalus by repeated
lumbar punctures was noted in three premature infants. 17 The apparent
beneficial effect is attributed to lowering of cerebrospinal fluid pressure
and facilitation of absorption of cerebrospinal fluid by removal of blood
and protein. Since two of the three premature infants treated with repeated lumbar punctures experienced cessation of progression after only
two lumbar punctures, it is unclear whether the beneficial effect occurred because of the therapy or some other undefined factor(s). The use
of drugs to decrease production of cerebrospinal fluid, e.g.,
acetazolamide, bas had little success in rapidly evolving hydrocephalus. 32 Perhaps the greatest promise resides in the use of certain
osmotic agents. The work of Lorber 29 and Shurtleff5 4 indicates that
isosorbide is effective in the control of hydrocephalus in infants. The
mechanism of the benefit is unclear, although the drug appears to have
an effect on production and/or absorption of cerebrospinal fluid, 54 as well
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as a dehydrating effect on cerebral white matter. Unfortunately, control
of hydrocephalus is often temporary, especially with posthemorrhagic
hydrocephalus. 28 Because isosorbide is not presently available, we have
utilized glycerol, an osmotic agent that is effective after oral administration. 6 Our initial results have prompted further study of this mode of
therapy.
The first premature infant with hydrocephalus secondary to intraventricular hemorrhage whom we treated with glycerol (starting dose
of 0.5 gm per kg every 6 hours, increased to 1.0 gm per kg over approximately one week) showed a distinct improvement. Thus after the first
EMI scan showing ventricular dilatation (Fig. 7B), glycerol was begun,
and a repeat scan 25 days later showed a decrease in ventricular size
(Fig. 10). Still on glycerol, this child is developing normally at 3½
months of age. There is slight lower limb hypertonia. The second patient
is similar to the first except that the first EMI scan was performed after
abnormal head growth had been present approximately 10 days (Fig.
llA). After 23 days on glycerol, a repeat EMI scan (Fig. llB) showed a
distinct decrease in ventricular size. At six months of age this child is
developing normally, although there is slightly increased tone in his
lower extremities. Glycerol was discontinued at the time of this writing.
A third premature infant with intraventricular hemorrhage also was
evaluated after abnormal head growth had been present approximately
one week. An EMI scan (Fig. 12A) showed marked ventricular dilatation, and after 17 days on glycerol improvement was noted (Fig. 12B).
However, two subsequent infants, very similar to the first three, have
experienced slow but unequivocal increase of ventricular size, documented by EMI scan, while on glycerol. Although our initial experience
is encouraging it is not at all clear: (1) whether the initial "beneficial"
effects that we have observed with glycerol in three of five cases would
have occurred without any therapy at all; (2) how frequently glycerol

Figure 10. EMI scan of the
cranium in the child described in
Figure 7. This scan was per:formed
25 days after that shown in 7A and
during that interval the infant was
treated with glycerol, as described
in the text. Note the decrease in
the size of the lateral ventricles.
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Figure 11. A, EMI scan of the cranium in a 24 day old, 1600 gm infant who sustained an
intraventricular hemorrhage in the first days of life. Rapid head growth began at 2 weeks of
age. Note the markedly dilated lateral ventricles. B, EMI scan of the cranium in the child
described in A, performed 23 days after the first. During that interval, the infant was treated
with glycerol, as described in the text. Note the decrease in the size of the lateral ventricles.

might be effective; and (3) whether use of the drug will be more than a
temporizing therapeutic measure. A controlled study is now in progress.
Placement of a shunt system that diverts cerebrospinal fluid from
the lateral ventricles to the peritoneal cavity or the heart, i.e., definitive
therapy for the hydrocephalus, has been performed with limited success
in some centers. 10, 15 However, shunt placement in small premature infants carries a very high morbidity, secondary to various shunt-related

Figure 12. A, EMI scan of the cranium in a 6 week old, 1400 gm infant who sustained an
intraventricular hemorrhage in the first days oflife. Rapid head growth began at 4 weeks of
age. Note the markedly dilated lateral ventricles. B, EMI scan of the cranium in the child
described in A, performed 1 7 days after the first. During that interval the infant was treated
with glycerol, as described in the text. Note the decrease in size of the lateral ventricles.
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complications, e.g., ventriculitis, septicemia, pulmonary emboli, need
for frequent revision, and ulceration of scalp. Indeed, in one large series
mortality directly attributable to shunt complications in infants with
posthemorrhagic hydrocephalus was approximately 20 per cent. 28 A
major advance would be a means of controlling hydrocephalus for a
temporary period while the infant becomes large enough to make shunt
placement technically feasible and readily tolerated. Glycerol or a related agent would serve a useful purpose if this temporization could be
accomplished by such therapy.
Pathogenesis
The major pathogenetic features for periventricular, intracerebral
hemorrhage must explain the strong association with prematurity and
hypoxie events, as well as the characteristic periventricular locus of the
lesion (Table 5). The periventricular topography relates primarily to the
venous drainage of the affected are as. These veins of the Galenic system
are located primarily within the subependymal germinal matrix which,
in the premature infant, is a highly vascular and cellular region. The
veins in this matrix are provided very little supportive connective tissue.
This periventricular matrix becomes nearly exhausted at term. 62 In addition, in part because of hemodynamic factors, stasis and thrombosis are
likely to occur within these vessels. This is especially true at the level of
the foramen of Monro where the 'Periventricular tributaries from the
centrum semiovale and striatum to the paired internal cerebral veins
change the direction of flow at a sharp angle. The role of hypoxia (i.e.,
hypoxemia and/or ischemia) and/or metabolic factors associated with
hypoxia is at least twofold. First, hypoxia is associated with venous congestion in cerebral veins, as in other tissues. 18• 39 This probably is secondary to circulatory failure. 7 Second, hypoxia results in a distinct disturbance ofvascular endothelium. 18 Thus the combination ofvenous congestion and a damaged vessel wall, bath related to hypoxia, can result in
hemorrhage. Finally, the walls of these veins are usually thin and
fragile, and this structural factor must also contribute to rupture consequent to the various factors just elucidated. 19• 25 • 67• 68
Certain pathogenetic factors contribute to the development of
periventricular hemorrhage. These include hyperosmolality, 53 trauma, 45
coagulation abnormalities, 9 • 56 and cervical constriction as occurs with
certain techniques for administering continuous positive airway pressure. 61
Table 5.

Pathogenesis of Periventricular, Intracerebral Hemorrhage

RISK FACTORS

Prematurity
Hypoxia
Periventricular locus

BASIS FOR R.!SK

Subependymal germinal matrix still present
Veins thin-walled, fragile
Verrous congestion
Endothelial injury
Poor verrous support (subependymal germinal matrix)
Hemodynamic factors
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INTRACEREBELLAR HEMORRHAGE
N europathology
Three recent reports of intracerebellar hemorrhage in small premature infants suggest that this lesion may be increasing in frequency in
modern neonatal intensive care facilities. 20, 3 o, 3 s Thus 15 to 25 percent of
infants less than approximately 32 weeks of gestation and 1500 gm body
weight exhibited major degrees of intracerebellar hemorrhage. 2 o, 3 s The
locus of the hemorrhage within the cerebellum has not been consistent.
Bath subpial and subependymal distributions have been noted. In most
of the major lesions the peripheral one-half of the cerebellar hemisphere
was particularlyinvolved and the cerebellar cortex and underlying white
matter destroyed. Whether the se originate from poorly supported subpial
veins in the external granule cell layer remains to be determined. Eight
of 12 patients in one series had associated hemorrhage into the cerebellar subependymal germinal matrix. 20 However, serial sections of the lesions will be needed to determine whether some of the hemorrhages in
the hemisphere arise from the subependymal lesions. Of the 18 well
described cases ofintracerebellar hemorrhage, 13 patients had cerebral
periventricular hemorrhages as well.
Most older reports of intracerebellar hemorrhage in newborns have
dealt with full-term infants. 36, 50 These rare lesions may be of a different
nature than the more common hemorrhage recently described in small
premature infants.

Clinical Features
NEUROLOGICAL SYNDROME AND ACUTE COMPLICATIONS. Since the
diagnosis in all the recently described cases has been made at postmortem examination, clinical details are based on retrospective analysis.
Nevertheless, certain distinctive features appear to occur. There is an
almost invariable association with perinatal asphyxia and/or respiratory
distress syndrome. Most of the cases exhibit a catastrophic deterioration
in which apnea, bradycardia, falling hematocrit, and bloody cerebrospinal fluid are the most distinctive signs. Onset of the syndrome has varied
from the 1st to the 21st postnatal day. Death results in 12 to 36 hours.
Further delineation of the neurologie features will be of considerable
interest. Particular care should be given to search for signs ofbrain stem
dysfunction, e.g., ocular bobbing, opsoclonus, skew deviation, or lower
cranial nerve deficits. The apnea and bradycardia that have been defined
probably relate to involvement of medulla by the cerebellar mass.
PROGNOSIS AND SEQUELAE. None of the infants recently described
has survived. Hydrocephalus has been reported after intracerebellar
hemorrhage in full-term infants. 3 s, 5 o Careful assessment of cerebellar
function will be ofparticular interest in the follow-up of small premature
infants who have sustained intracranial hemorrhage that is not further
defined in the neonatal period. It is possible that some of these babies
have survived intracerebellar hemorrhage.
MANAGEMENT. Several full-term infants with cerebellar hemorrhage have been treated successfully by evacuation of the hematoma via a
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posterior fossa craniotomy. 36• 50 The infants have done well, although
most have also required shunts for hydrocephalus which develops as a
sequela. Computerized tomography of the cranium should provide the
me ans to make the diagnosis of the hemorrhage premortem in the small
premature infant, and if an intracerebellar hematoma is the only serious
lesion present, surgery would seem to be indicated.
Pathogenesis
The pathogenesis of intracerebellar hemorrhage of the small premature infant is unknown. The initial series of patients had all received
intermittent positive pressure ventilation by a face mask attached by a
band across the occiput. 38 The band caused occipital molding and compression, and Pape et al. suggested that the hemorrhage was related to
mechanical factors. 38 Subsequent instances did not occur in such a clinical setting. 20 - 30 The close association between cerebellar hemorrhage,
extreme prematurity, hypoxie insults (i.e., perinatal asphyxia, respiratory distress syndrome) and cerebral periventricular hemorrhage
suggests that the pathogenesis of these two varieties of hemorrhage is
similar. A contributory role for trauma is possible, since several of the
patients were barn by breech extraction. One patient who exhibited
cerebellar hemorrhage without cerebral periventricular hemorrhage
was barn by a double footling breech delivery and died 10 minutes after
birth. 2 ° Clearly, more detailed neuropathological and clinical studies will
be required to delineate the role of trauma.

CONCLUSIONS
Four major varieties of intracranial hemorrhage occur in the
neonatal period: subdural hemorrhage, primary subarachnoid hemorrhage, periventricular, intracerebral (intraventricular) hemorrhage, and
intracerebellar hemorrhage. Two major pathogenetic themes are
operative-hypoxia and trauma. Traumatic lesions, particularly subdural hemorrhage, have become less common in most obstetrical and
neonatal intensive care units. With the ad vent of modern neonatal intensive care, periventricular, intracerebral (intraventricular), and intracerebellar hemorrhage have become more common. The increasing
number of survivors of periventricular hemorrhage exhibit hydrocephalus, and therapeutic intervention has been generally unsuccessful. With the introduction of newer diagnostic techniques, such as
computerized tomography of the cranium, earlier recognition of the
hemorrhage and its sequelae is possible, which may lead to more successful therapy.
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