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Deep intracerebral (basal ganglia) haematomas in
fatal non-missile head injury in man
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SUMMARY Deep intracerebral (basal ganglia) haematomas were found post mortem in 63 of 635
fatal non-missile head injuries. In patients with a basal ganglia haematoma, contusions were more

severe, there was a reduced incidence of a lucid interval, and there was an increased incidence of
road traffic accidents, gliding contusions and diffuse axonal injury than in patients without this type
of haematoma. Intracranial haematoma is usually thought to be a secondary event, that is a compli-
cation of the original injury, but these results suggest that a deep intracerebral haematoma is a

primary event. If a deep intracerebral haematoma is identified on an early CT scan it is likely that
the patient has sustained severe diffuse brain damage at the time of injury. In the majority of head
injuries damage to blood vessels or axons predominates. In patients with a traumatic deep intra-
cerebral haematoma, it would appear that the deceleration/acceleration forces are such that both
axons and blood vessels within the brain are damaged at the time of injury.

Deep intracerebral ("basal ganglia") haematomas in
non-missile head injury have long been recognised by
pathologists with an interest in head injury' but it is
only relatively recently, as a result of the introduction
of CT scanning, that it has been possible to recognise
other than large deep intracerebral haematomas dur-
ing life.2 This presumably accounts for the relative
paucity of publications on this type of haematoma.
We are currently undertaking a comprehensive study
of brain damage in non-missile head injury3-9 and,
with the aim of confirming our early impression that
a deep intracerebral haematoma is more often than
not indicative of the presence of diffuse brain damage
and is a primary event rather than a complication of
the original injury, we wish to report our observations
on 63 patients found to have traumatic deep intra-
cerebral haematoma at necropsy. Our findings are
essentially similar to those made by our clinical and
neuroradiological colleagues in this institute.2
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Materials and methods

During the 15 year period 1968-1982 post-mortem exam-
inations were undertaken in this institute on 635 fatal non-
missile head injuries. There were 497 (78%) males and 138
(22%) females; the age range was 9 weeks to 89 years; and
the duration of survival ranged from 1 hour to 14 years 3
months. The majority of the injuries were attributable to
road traffic accidents (335; 53%), or to falls (221; 35%). Of
the remaining 79 cases, 31 were assaults, three were crush
injuries, 14 were other types of injury, while in the remaining
31 cases the circumstances of the injury were not known.
There was a fracture of the skull in 478 (75%) of the cases.
The clinical records were assessed with particular reference
to any deterioration in the level of consciousness after a lucid
interval, defined as whether or not the patient had talked a
short time after the injury.'0
A full post-mortem examination was undertaken in every

case and the brain removed by one of us so that a careful
note could be made of any extracerebral lesions, such as the
tightness of the dura, and the presence of blood in the extra-
dural or subdural spaces. The brains were then suspended in
10% formol saline for 3-4 weeks before dissection: the cere-
bral hemispheres were sliced in the coronal plane, the cere-
bellum at right angles to the folia, and the brain stem
horizontally.'" Comprehensive histological studies were
undertaken in 434 of the 635 cases. These included the prep-
aration of 30 pm celloidin sections stained by Nissl's method
with cresyl violet and by Woelke's modification of Hei-
denhain's technique for myelin. Representative blocks were
also taken from the cerebral hemispheres, the cerebellum
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and the brain stem for embedding in paraffin wax. Paraffin
sections were stained routinely with haemalum and eosin, by
the Luxol fast blue/cresyl violet method and by the
Palmgren techniques for axons. Other stains were used when
they were considered appropriate. Some of the subsequent
analyses are based on the 635 cases, but others had to be
restricted to the 434 cases since the results were dependent
on a comprehensive histological analysis.
A deep intracerebral haematoma was defined as an

intracerebral haematoma involving the striatum, the pal-
lidum or the thalamus. Haematomas that had clearly origi-
nated in the frontal or temporal lobes were excluded even if
they had spread to involve the basal ganglia. A deep intra-
cerebral haematoma was defined as "large" if it was more
than 2 cm in diameter, and "small" if less than 2 cm in
diameter. In all of the 434 cases subjected to a full histologi-
cal study, conventional surface contusions were assessed
quantitatively using the contusion index method.9 If there
was pressure necrosis in one or both parahippocampal gyri,
the patient was deemed to have had a high intracranial pres-
sure during life. 12

Macroscopic abnormalities in the brains were recorded
photographically, and histological abnormalities on a series
of line diagrams. All findings were then recorded on a pro-
forma and the data stored in the University of Glasgow's
mainframe computer. The patients with and without deep
intracerebral haematoma were compared using the chi-
square test for associations, and nonparametric Wilcoxon-
Mann-Whitney tests were used to assess differences in
median values.

Results

There were 63 patients with deep intracerebral hae-
matomas. These consisted of 49 males and 14 females;
the age range was from 2 to 82 years, and the period
of survival from 2 hours to 3 months (median survival
in the range 24-48 hours). In patients without a deep
intracerebral haematoma the median survival time
was in the range 2-3 days. In 43 patients the deep
intracerebral haematoma was small and in nine of
these the haematomas were bilateral: in 20 patients
the deep intracerebral haematoma was large and in
one of these patients the haematomas were bilateral.
The haematomas occurred most frequently in the
region of the thalamus (figs I & 2), but they also
occurred more anteriorly (fig 3). They often involved
the internal capsule, and there were frequently other
small haematomas within the brain. In only 11 of the
63 cases (17-5%) were there other intracranial hae-
matomas (one extradural, two subdural, four intra-
cerebral and four "burst" lobes), this contrasting with
an overall incidence of any type of intracranial hae-
matoma of 60% in the entire series of 635 cases. There
was a fracture of the skull in 45 of the 63 cases (71%),
this being similar to the overall incidence of a fracture
in 75% of the entire series.

Table I shows that there was a high incidence of
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Fig 1 There is a large haematoma centred on the right
thalamus. There is also disruption of the corpus callosum, a
small haematoma in the deep white matter, and gliding
contusions. (Patient died 8 days after afall).

Fig 2 There is a small haematoma in the left thalamus.
There is also a haemorrhagic lesion in the corpus callosum
and in thefornix (typical ofdiffuse axonal injury) and gliding
contusions. (Patient died 5 days after a road traffic
accident).

road traffic accidents in patients with deep intra-
cerebral haematoma. Table 2 shows that con-
ventional surface contusions are more severe in
patients with a deep intracerebral haematoma than in
patients without this type of haematoma. The
relationship between a high intracranial pressure dur-
ing life and a deep intracerebral haematoma is given
in table 3: there was no significant difference between
patients with and without a deep intracerebral hae-
matoma. In patients with a deep intracerebral hae-
matoma, however, there was a significantly reduced
incidence of lucid interval compared with patients
without this type of haematoma (table 4); a higher
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Table 2 The total contusion index (TCI) in patients with
and without a basal ganglia haematoma (n = 434)
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Fig 3 There is a large haematoma centred on the left
putamen. There are also gliding contusions and manyfoci of
haemorrhage in the cortex and subcortical white matter.
(Patient died 36 hours after a road traffic accident).

incidence of gliding contusions (parasagittal hae-
morrhagic lesions) than in patients without a deep
intracerebral haematoma (table 5, fig 3); and a higher
incidence of diffuse axonal injury than in patients
without this type of haematoma (table 6).

Table 1 Cause ofinjury in patients with and without a basal
ganglia haematoma (n = 635)

With a haematoma Without a haematoma

Road traffic accident 43 (68%) 292 (51%)
Fall 14 (22%) 208 (37%)
Other 6 (10%) 72 (12%)

Mean TCI Median TCI

With a haematoma 22 87 23 (n = 47)
Without a haematoma 18-01 16 5 (n = 387)

Contusions were more severe in patients with a basal ganglia
haematoma (p < 0 05).

Table 3 The incidence ofa high intracranial pressure
(ICP)in patients with and without a basal ganglia
haematoma (BGH) (n = 434)

High ICP

Absent Present Total

BGH Absent 102 285 387
Present 8 39 47
Total 110 324 434

There is no significant association in the incidence of a high ICP
between patients with and without a BGH.

Discussion

There is an increasing tendency to classify brain dam-
age resulting from head injury as focal or diffuse.6 13
The principal types of focal damage are conventional
surface contusions, the various types of intracranial
haematoma, and brain damage secondary to a high
intracranial pressure, shift and herniation of the
brain. In this era of CT scanning, the clinician usually
knows that these types of brain damage are present.

Table 4 The incidence ofa lucid interval in patients with and without a deep intracerebral haematoma infatal non-missile
head injury *(n = 614)

Lucid interval

Absent Present Total

Absent 356 201 557
Basal ganglia haematoma Present 52 5 57

Total 408 206 614

There is a reduced incidence of a lucid interval in patients with this type of haematoma (p < 0 001).
*In 21 of the 614 cases, it was not known if the patient had or had not experienced a lucid interval.

Table 5 The incidence ofgliding contusions in patients with and without a deep intracerebral haematoma infatal non-missile
head injury (n = 434)

Gliding contusions

Absent Present Total

Absent 280 107 387
Basal ganglia haematoma Present 18 29 47

Total 298 136 434

There is a increased incidence of gliding contusions in patients with deep intracerebral haematoma (p < 0-001).
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Table 6 The incidence ofdifuse axonal injury in patients with and without a deep intracerebral haematoma in fatal
non-missile head injury (n = 434)

Difluse axonal injury

Absent Present Total

Absent 322 65 387
Basal ganglia haematoma Present 30 17 47

Total 352 82 434

There is a increased incidence of diffuse axonal injury in patients with deep intracerebral haematoma (p < 0-01).

Diffuse brain damage takes the form of diffuse axonal
injury,46 diffuse hypoxic brain damage,6 14 and
diffuse brain swelling.6 The clinician may be aware
that a patient is suffering from diffuse brain damage
but the precise type is more difficult to define during
life. Diffuse axonal injury is characterised by focal
lesions in the corpus callosum and in the dorsolateral
quadrant or quadrants of the rostral brain stem, and
by microscopical evidence of diffuse damage to
axons.46 This type of brain damage has now been
produced in non-human primates by inertial (that is
non-impact) controlled angular acceleration of the
head,'5 and it is clear that it occurs at the moment of
injury, that is it is a primary event. In both man and
non-human primates gliding contusions are fre-
quently present in association with diffuse axonal
injury. 16 Diffuse hypoxic brain damage is pre-
sumably a secondary event but probably occurs very
soon after the injury. Diffuse brain swelling is a well-
recognised event in acute head injury.
The studies undertaken in recent years in the

Universities of Pennsylvania and Glasgow based on
controlled angular acceleration of the head in non-
human primates have shed considerable light on the
pathogenesis of brain damage brought about by non-
missile head injury in man.3 t- 18 These experiments
have established that angular acceleration over a very
short time through 60° in the sagittal plane has its
principal effect on blood vessels (including the bridg-
ing veins) leading to acute subdural haematoma and
haemorrhagic contusions on the surface of the brain:
on the other hand, slower acceleration, particularly in
the lateral plane, produces selective damage to axons
(diffuse axonal injury) and traumatic coma in the
absence of a high intracranial pressure. In our pre-
vious publications on brain damage in non-missile
head injury in man,3 6 we have laid particular stress
on the distinction between focal brain damage and
diffuse axonal injury. In patients with focal brain
damage there is a high incidence of falls, fracture of
the skull, intracranial haematoma, a lucid interval
and a high intracranial pressure; surface contusions,
expressed quantitatively, are severe. In contrast, in
patients with diffuse axonal injury, there is a high inci-

dence of road traffic accidents and gliding contusions,
and a low incidence of fracture of the skull, intra-
cranial haematoma and high intracranial pressure,
while contusions are less severe. Furthermore, no
patient with classic diffuse axonal injury experienced
a lucid interval.
The results of the studies undertaken with the Uni-

versity of Pennsylvania model 1 5 - 18 suggest that there
are two fundamentally different types of brain injury
resulting from acceleration/deceleration forces: injury
to blood vessels and injury to axons. An essentially
similar conclusion has been reached by Grcevic.'9
The present analysis suggests that patients with a
deep intracerebral haematoma fall into a distinctive
category where the original injury has been such that
both blood vessels (excluding the bridging veins) and
axons have been damaged at the time of injury. This
is borne out by the low incidence of a lucid interval,
the severity of surface contusions and the high inci-
dence of gliding contusions and diffuse axonal injury
in patients with a deep intracerebral haematoma. Of
some interest is the observation that only five patients
(table 4) experienced a lucid interval. This is strongly
suggestive of diffuse brain damage, yet only 17 had
the typical structural features of diffuse axonal injury.
This raises the possibility that the multiple petechial
haemorrhages often observed in individuals who die
within minutes of a head injury6 20 may have a similar
biomechanical substrate to that which produces deep
intracerebral haematomas.
We conclude that deep intracerebral haematoma is

a primary event occurring at the moment of injury,
and that in general its occurrence is indicative of
severe brain damage. This conclusion, based on a
study of fatal non-missile head injuries, is in accord
with the clinical and radiological studies of our col-
leagues in the Institute that patients with deep intra-
cerebral haematoma have sustained severe brain
damage.2
This study was supported by project grant G8007342
from the Medical Research Council. We are grateful
to colleagues in the Department of Medical Illustra-
tion, Southern General Hospital, Glasgow, for their
help.
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