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Neonatal subdural hematoma secondary to birth injury
Clinical analysis of 48 survivors
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Abstract. In order to evaluate the treatment and prognosis
of subdural hematoma in neonates, we analyzed 48 survivors in the 3-year period January 1979 to December 1981.
Based on the CT findings, the hematomas were grouped
into four types according to location: type I, localized
around the posterior interhemispheral fissure (25 cases,
52%); type II, extending from the posterior interhemispheral fissure to the hemispheric convexity (5 cases, 10%);
type III, extending from the incisura to the posterior fossa
(15 cases, 31%); and type IV, subdural hematoma accompanied by intracerebral hemorrhage (3 cases, 7%).
Intracranial pressure was measured via the anterior fontanel in 13 cases. In 10 cases of extensive hemorrhage, the
pressure exceeded 200 m m H20. The age of the patients
was from 0 to 7 days. There were 36 mature (75%) and 12
premature (25%) infants. The mothers were primiparous in
27 cases (56%). Fetal presentation was cephalic in 38 cases
(79%), in 10 of which (21%) suction delivery was performed, and breech in 11. The fundus oculi was examined
in 32 cases. Retinal hemorrhage was noted in 12 cases; it
did not correlate with the type of hematoma or the
intracranial pressure. Operations were performed in 13
cases; 1 of typeI, 4 of typeII, 5 of typeIII, and 3 of
type IV. Functional prognoses were found to be as follows:
type I, normal 15, abnormal 4, undetermined 6; type II,
normal 4, abnormal 1; type III, normal 13, abnormal 1,
undetermined l; type IV, normal 1, abnormal 2 cases.
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Subdural hematomas occurring in early neonatal life are
often caused by tentorial tearing. With CT, not only the
location of a hematoma but also its spread can be clearly
defined. Hence, surgical treatment and postoperative care
may be improved and, in turn, result in improving the
prognosis [6, 12]. As Holland [8] stated, babies who have
survived neonatal hematoma caused by tentorial tearing
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tend to have a good functional prognosis. Thus, it is of the
utmost importance to make an early diagnosis and provide
suitable treatment.
In order to evaluate the treatment given, we studied
our patients who were treated for intracranial hemorrhage
and confirmed as having neonatal subdural hematoma
during the period January 1979 to December 1981. There
were 56 such cases in the period, but 8 died. Thus, 48
patients were analyzed. In selecting them, we limited
ourselves to patients who had hemorrhage caused mainly
by tentorial tearing, i.e., hematoma located at the quadrigeminal cistern and spreading to the posterior interhemispheric fissure, underneath the posterior temporal
and occipital lobes. Patients who had subarachnoid hemorrhage were excluded.
The following aspects were chosen for this study:
clinical symptoms and signs, delivery presentation, birth
condition, hematoma classification by the CT scanning
findings, intracranial pressure, and surgical indications.
We also evaluated our treatment of the subdural hematomas of these patients.

Subjects and methods
Subjects were those hospitalized within 10 days after birth and
who survived neonatal subdural hemorrhages due to birth injury,
with clinical symptoms and signs of cerebral hemorrhage. Confirmation was by CT.
Among the 48 cases, 13 underwent operation. Hematomas
were removed from 11 patients by either craniotomy or through
burr holes. Two patients had a VP shunt for posthemorrhagic
hydrocephalus. We measured intracranial pressure via the anterior fontanel with an applanation transducer [6, 7, 9, 10] in 13 cases
(including some patients who were operated on).
Functional prognosis was studied by using the developmental
quotient from a period of 6 months to 3 years. To evaluate the
prognosis, the following three terms were used: "undetermined"
was appfied to 7 patients who had not been observed long enough
to make a definite evaluation; "normal" patients were judged by
both neurological state showing no apparent sign of deficit and
ordinary developmental growth indicated by the test. Patients
who did not belong to either category were ranked as "abnormal".
Holland [8] and Courville [3] characterized the anatomical
location of neonatal subdural hematoma with the falcotentorial
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junction. We have noticed that the location of the tentorial tear
occurring during delivery was closely related to the location of
subdural hematoma observed on CT scan. Therefore, we have
categorized neonatal subdural hematomas according to the following CT findings:
1. Tearing observed at the center of the falcotentorial junction. (a)
Type I was assigned if the CT scan showed that the hemorrhage
was located in an immediate area of the incisura and the posterior
hemispheric fissure. The subdural hemorrhage caused by tearing
of the vein of Galen and internal cerebral vein or of both from the
straight sinus. (b) Type III had CT evidence of hemorrhage in
areas of the incisura and posterior fossa. The subdural hematoma
was located at the brain stem and the supra and posterior
cerebellar regions and was caused by anterior pontomesencephalic, precentral cerebellar and superior vermian veins.
2. Tearing observed at the periphery of the falcotentorial junction.
(a) Types I or IV were designated if CT scans revealed evidence of
hemorrhage spreading from the infratentorial compartment to
cerebral convexity or into the brain. This subdural hematoma is
caused by tearing of the bridging veins of the inferomedial part of
the temporal lobe at its entrance into the tentorial sinus. (b)
Types I, II, and IV were designated if the CT scan showed tearing
at the point of bridging into the inferomedial part of the occipital
lobe to enter the tentorial sinus.

Table 1. Relationship between maturity and incidence ofsubdural

hematoma

Mature
Premature
Total

Type I

Type II

Type III Type IV Total

17
8
25

5
0
5

11
4
15

3
0
3

36 (75%)
12 (25%)
48 (100%)

A m o n g the 48 "cases, the mothers of 27 cases (56%) were
primiparas and 21 cases (44%) were multiparas.
In relationship to hematoma typing, type I, 25 cases
(52%), had the highest occurrence in both the primipara
(14 cases) and multipara group (11 cases). The percentage
of these cases was 52% in both groups, and there were 15
cases (31% o f the 48) in t y p e I I I , including 8 in the
primipara and 7 in the multipara groups.

Presentation and delivery
Results

Classification of hematoma
All 48 cases of neonatal subdural h e m a t o m a secondary to
birth trauma were grouped as follows into the four types
mentioned above:
Type I: located around the posterior interhemispheric
fissure in 25 cases (52%)
Type II: extending from the posterior interhemispheric
fissure to the convexity in 5 cases (10%)
Type III: extending from the incisura to the posterior fossa
subdural space in 15 cases (31%)

With regard to the type of delivery, there were 37 cases
(77%) of cephalic presentations, in which 22 were delivered with suction and 11 cases (23%) were breech
presentations. In the breech group, type III was found in 6
patients, more than half (55 %) o f this group. It should also
be noted that simple, spontaneous labor (15 cases) was
found to be associated with a higher frequency of hemorrhage, particularly in the serious type III.

Retinal hemorrhage

Type IV: the subdural h e m a t o m a was accompanied by an
intracerebral hemorrhage in 3 cases (7%)

Fundus oculi were examined in 32 patients. Retinal
hemorrhage was seen in 12 patients (38% of those examined), including 8 patients of type I whose hematomas
were localized in a small, limited area.

Maturity and incidence

Intracranial pressure

Patients were divided into two groups by their birth
weight, i.e., mature (over 2,500 g) and premature (under
2,500 g), and then the hemorrhagic area was examined.
There were 36 mature (75%) and 12 premature babies.
Both the mature and premature babies mostly fell into
types I (25 cases) and III (15 cases), a total of 40, which
was 83% of the 48 cases studied. The other 8 were all
mature babies: 5 in type II and 3 in type IV (Table 1).

Intracranial pressure was atraumatically measured
through the anterior fontanel in 13 patients and analyzed
for any correlation with their prognosis (Table 2). In 3 o f
the 13 patients, there appeared to be some neurological
disturbances. One was type II, the others type IV. Their
intracranial pressure was over 300 m m H20, which is very
high for neonates. In this study, 6 patients who had
pressures of less than 300 m m H 2 0 had good prognoses.
When the pressure was over 300 m m H20, the prognosis
was poor. There were, however, 4 cases with good outcomes despite their high ICP. Two patients o f type III
underwent VP shunt operation for posthemorrhagic hydrocephalus (Fig. 1) and the other o f type II underwent
removal of a hematoma.

Maternal history of labor
It was observed that the fewer labors experienced by the
mother, the higher the incidence of neonatal hematoma.
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Fig. 1. A case of type Ill hematoma followed up with
measuring the intracranial pressure; ICP (left) and CT scans
(right). ICP had been in a normal range up to 12 days of age.
However, it increased to 200 mm H20 at its baseline with an
amplitude of 100 mm H20 about 4 months of age. The CT
scans indicated that enlargement of the ventricles had progressed and that posthemorrhagic hydrocephalus was present. The progress of the patient was good after placement of a
VP shunt
Fig. 2. a A type I hematoma, which was localized around the
posterior interhemispheral fissure. The hematoma was excised through a fight occipital craniotomy, b A month later, a
low-density zone was seen in the posterior interhemispheral
fissure, where the hematoma had been. c After 4 months, the
CT scan was normal
Fig. 3. a A case of type II hematoma, which extended from
the posterior interhemispheral fissure to the convexity.
b Nine months after its removal, the region was found to be
normal on the CT scans
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Table 2. Preoperative intracranial pressure and prognosis. Normal, no neurological deficits or mental retardation observed; abnormal,
some neurological abnormality and/or mental retardation observed
ICP (mm H20)

< 190

> 200

> 300

Total

DQ

Normal

Abnormal

Normal

Abnormal

Normal

Abnormal

Type I
Type II
Type III
Type IV
Total

1
0
1~
0
2

0
0
0
0
0

0
2
2
0
4

0
0
0
0
0

0
1
2b
1
4

0
1
0
2
3

1
4
5
3
13

a Undetermined due to too short a period for evaluation
b Given VP shunt for posthemorrhagic hydrocephalus

Table 3. Functional prognosis of neonatal subdural hematoma
secondary to tentokial tearing. Normal, no neurological deficits or
mental retardation observed; abnormal, some neurological abnormality and/or mental retardation observed
DQ

Operated

Unoperated

Subtotal

Normal Abnormal Normal Abnormal
Type I
Type II
Type III
Type IV
Subtotal
Total

1
3
4 (1) ~
1
9 (1) °
10

0
1
0
2
3
3

14 (6) a
1
9
0
24 (6)"
30

4
0
1
0
5
5

two cases with posthemorrhagic hydrocephalus who were
shunted.
As type IV involved cerebral hemorrhage, the craniotomy was necessary to remove the hematoma (Fig. 5).
Discussion

19 (6) a
5
14 (1) a
3
41 (7) ~
48

" Figures in parentheses indicate number of patients not typed
due to too short a period for evaluation

It is well known that the neonatal subdural hematoma due
to tentorial tearing may result from abnormal pressure
exerted on the skull during delivery, such as when using
forceps or suction and in breech presentations. Thus,
infants delivered vaginally may suffer tearing of the
bridging veins secondary to the molding process [3, 8].

Classification of a hematoma, depending on its location
Functional prognosis of the 48patients
Functional prognosis of these 48 patients was studied from
6 months to 3 years. The prognosis was evaluated (Table 3)
by the neonatal Developmental Quotient (DQ). There
were 8 patients who had some DQ abnormalities. One of
type II and 2 of type IV were operated on, but the other 5
were not.

Surgical approaches
Among the 48 patients, 13 were operated on; 1 in type I, 4
in type II, 5 in type III, and 3 in type IV. One of the
following three surgical procedures was employed; burr
holes, craniotomy, VP shunt.
From a type I patient, hematoma was removed by
craniotomy (Fig. 2). Two cases in type II were operated on
with craniotomy, and the other 2 had burr holes with
evacuation of the hematoma by squeezing the skull manually (Fig. 3).
Since type III had hemorrhage in the posterior fossa
(Fig. 4), preoperative angiography was performed to examine the degree of vascularization and location of possible remaining fetal intradural venous sinus in the area.
Hematoma was removed by suboccipital osteoplastic craniotomy, after careful study of the angiograms. There were

Towbin [17] subdivided the neonatal subdural hematoma.
into two main groups according to their origin and
direction of spread, i.e., the supratentorial and infratentorial types. Recent progress in CT technology enables us
to observe the location, status, extent and direction of the
hemorrhages, thereby permitting more accurate definition
than before. Types I, II and IV have subdural hematomas
located mainly in the supratentorial regions; types II and
IV are usually accompanied by a large amount of hemorrhage and demonstrate their clinical symptoms conspicuously, often requiring removal of the blood. Type III
hemorrhage is located dominantly in the posterior fossa.
This type oCcurred more often than the others except for
type I. Our cases had better prognoses than comparable
hematoma children reported by others [1, 3, 16].

Maturity of patient
Among the 48 cases studied, subdural hematomas were
found in 38 mature neonates and 12 premature. This high
incidence in the mature baby was also noted by Takagi
et al. [16]. Grtntoft [4] reported tentorial tearing among
neonates who had a high birth weight. He reasoned that
the force which was created during the molding process,
deforming the skull, could have become strong enough to
tear the tentorium, if the passage time through the birth
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Fig. 4. a A case operated on for type III hematoma, which extended from the incisura to the posterior fossa, accompanied by obstructive
hydrocephalus, b Nine months after excising the hematoma, no abnormality was noted by CT
Fig. 5. a This was a type 1Vcase with hematomas in both the subdural and intracerebral compartments, b Two months later

canal was rapid and the elasticity of the skull was
diminished. Our results may be explained by this interpretation.

Maternal history
It has also been reported that maternal age at delivery and
the number of previous deliveries are closely related to the
elasticity of both the bony and soft birth canals. They
usually correlate positively with the incidence of birth
trauma [6, 12, 15, 16]. Because of this view, it is quite
possible to assume that tentorial tearing may be produced
by the molding process, even in normal labor. Simpl e ,
spontaneous delivery in our cases constituted 31%, supporting this view. Therefore, it should be kept in mind that
neonatal subdural hemorrhage may occur in ordinary
("normal") deliveries. We also confirmed the observation
that the number of previous deliveries correlates strongly
with birth injuries. There were 27 cases of primipara, 56%
in this study. When unipara cases were added, the number
was 38 (79% of the total).

Labor presentation and delivery method
There was an important relationship between the manner
of delivery and the formation of the hematoma. Haller
et al. [5] and Abrams et al. [1] had already stated that a
high occurrence of subdural hematoma was observed in

breech presentations. As a fetus passing through the birth
canal in this position, the thorax is pressed by the canal
before the head enters. Thus, the intrathoracic pressure
increases greatly, raising the intracranial venous pressure.
When the head is farther down in the canal under these
conditions, the intracranial venous pressure increases further, resulting in tearing of the tentorium and in damaging
of the subdural veins. Takagi etal. [16] reported high
incidences of neonatal subdural hematoma in suction
deliveries and breech birth.
In our survey, there were 22 cases (46%) of suction
delivery and 11 cases (23%) of breech presentations,
supporting their view and observation.

Clinical symptoms and signs
Differences in the symptoms of subdural hematoma
caused by tentorial tearing depend on the location of the
hemorrhage. It was found, however, that for all types,
hematoma commonly occurred from the falcotentorial
junction and over the paracollicular region. Thus, it would
not be unusual to observe the sun-set sign of the eyes [6].
Other signs, such as excitability, seizures, abnormal crying,
jaundice, and anemia, may be expected.
The amount of bleeding also affects the tension of the
anterior fontanel. Type III often developed hemorrhagic
hydrocephalus with simultaneous expansion of the head
circumference and tense fontanel.
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Clinical symptoms and signs

Retinal hemorrhage
Retinal hemorrhage has been observed in up to 40% of
newborns. It appears to be related to the methods by
which the babies were delivered. Mechanical delivery,
such as forceps and suction, is more often associated with
retinal hemorrhages, whereas cesarean section seldom is
[2, 12, 13]. Of the 32 patients whose fundi were examined,
12 had retinal hemorrhage.
However, we could not draw any conclusion, regarding
a correlation between the types of hematoma and retinal
hemorrhage. Among those 12 cases, there were 8 of type I
retinal hemorrhage, the mildest type of neonatal subdural
hematoma. We found no evidence indicating any relationship between retinal hemorrhages and intracranial
pressure.

Intracranial pressure
There is not enough information available to permit one to
find any definite correlation between ICP and the hematoma type. Nevertheless, the results obtained in this study
and our previous study [10] indicate that ICP was less than
190 m m H20 in type I and more than 200 m m H20 in the
other three types (Table 2). All type IV patients were
found to have increasing ICP in excess of 300 m m H20.

Surgical treatment
There are few publications concerning surgical therapy for
neonatal subdural hematoma [1, 11, 14, 15]. We examined
the surgical procedures from various aspects and obtained
quite useful clinical information from neonatal neurosurgeons. Based on this information, we have been able to
establish our surgical guidelines for hematomas. They
are listed in Fig. 6. According to the pathological nature of
our four classifications, possible surgical therapy for each
type was adopted as follows. For type I, surgery is not
needed. Only close observation of the clinical course is
required. For type II, if the intracranial pressure is over
2 0 0 m m H 2 0 , which is too high for neonates by our
criteria [10], we think that surgery is in order. As the
hemorrhage spreads over the cerebral convexity and
shows mass effect on CT scans, the intracranial pressure
often exceeds 200 m m H20. There are two possible surgical approaches to this type, a burr hole or a craniotomy.
Obviously, the former should be the first choice because it
is less invasive. Since in many cases the hematoma is in a
liquid state, it can be pressed out through the hole.
Type III, which has hematoma spreading into the
posterior fossa, may have a good prognosis, if the patients
are given proper treatment. Should enlargement of the
ventricles caused by aqueductal stenosis with subdural
hematoma in the posterior fossa be observed, the hematoma should be immediately removed by suboccipital
cranlotomy.

CT scan

I
Type I

Type II

Type Ill

Type IV

CT,
follow up

ICP>200mm H20
~

Ventriculomegaly

Excision

Excision

Excision
Hydrocephalus

VP Shunt
Fig. 6. Our management protocol for neonatal subdural hematoma secondary to birth injury

One must remember that subdural hemorrhage from
tentorial tearing may often be accompanied by subarachnoid hemorrhage. Even though the removal is often
successful, hydrocephalus may develop later and a VP
shunt may be needed.
It may be good practice to perform angiography before
carrying out posterior fossa craniotomy because neonates
may still have fetal dural sinuses in the posterior fossa.
Without such precaution, the remaining fetal veins may be
cut, resulting in massive (lethal) bleeding. Since type IV
involves intracerebral hemorrhage, it requires early operation without exception.
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