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Extradural haemorrhage-
a hazard of ventricular drainage

R. P. SENGUPTA AND JOHN HANKINSON

From the Department ofNeurosurgery, Regional Neurological Centre,
Newcastle General Hospital, Newcastle upon Tyne

SUMMARY Three cases of extradural haematoma during ventricular drainage are reported and the
relevant literature has been reviewed. Aetiology, diagnosis, and management are discussed. Defective
blood clotting is mentioned as a possible precipitating factor.

With the increase in knowledge of the dynamics
of cerebrospinal fluid circulation the danger of
performing lumbar puncture in the presence of
raised intracranial pressure is now well recog-
nized. The danger of fatal intracranial haemor-
rhage, particularly extradural haemorrhage,
after ventricular drainage is not, however,
generally realized. Since Cushing's (1902) intro-
duction of ventricular drainage as a means of
reducing intracranial pressure, the procedure has
been extensively used for a variety of purposes.
Whether as a preliminary measure for tiding a
patient over an acute phase, as a necessary step
in the surgery of posterior fossa lesions, or as a
palliative bypass operation, ventricular drainage
is frequently performed, but the number of
reported cases of extradural haemorrhage as a
complication is small.

Peet (1940) reported a fatal extradural
haemorrhage in a child after ventriculography.
The first detailed account of this complication of
ventricular drainage was given by Schorstein
(1942), who reported two cases of extradural
haemorrhage and one case of subdural and intra-
cerebral haematoma. Since then Haft, Liss, and
Mount (1960) reported two cases, Del Vivo and
Armenise (1961) five cases, Higazi (1963),
Fiskin and Kurze (1964), Weiss (1964), Ameli
and Sodeify (1965), Whisler and Voris (1965),
Elvidge (1966), each reported a case, and finally
Arias and Voris (1968) reported three more cases
bringing the total to 19. Few of these were
diagnosed and treated successfully and the
haematoma was most often attributed to im-
perfect haemostasis during the operation.

In this paper we report three further cases with
two survivors of the complication. From a
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review of the literature and from our own
experience the possible origin, diagnosis, and
management are discussed. The main purpose
of this report is to draw the attention of those
involved in the management of patients with
raised intracranial pressure to this potentially
fatal complication which can be successfully
treated if diagnosed in time.

CASE 1

H.D., a 31 year old engineering foreman, was
admitted in September 1958 with a five months'
history of severe occipital headache. He had been in
the hospital three months previously with haema-
temesis for which no cause had been found. At that
time he had also been investigated for headache but
no abnormal neurological signs had been recorded
and his fundi were normal. Radiographs of the
chest, cerebrospinal fluid pressure, and barium meal
were normal. He was thought to have had a gastric
erosion of unknown cause and was followed-up in
the outpatient department. A month later his speech
became slurred and he had difficulty with vision,
especially of the right eye. On this admission the
patient was drowsy and examination revealed
marked bilateral papilloedema, nystagmus and
diplopia to the right, slight incoordination, and
mildly increased deep reflexes in the left arm. The
rest of the neurological examination was within
normal limits and a diagnosis of posterior fossa
tumour was made. Because of the patient's impaired
state of consciousness, ventricular drainage was
instituted on the right side after making bilateral
burr holes in the posterior parietal region for sub-
sequent ventriculography. Approximately six hours
later he developed a left hemiplegia and his level of
consciousness deteriorated until he responded to
painful stimuli only. The right parietal burr hole
was reopened and a large extradural haematoma was
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TABLE 1
OBSERVATIONS FROM LITERATURE

Author No. of Age Sex Duration Procedure Underlying pathology
cases (yr) Of

symptoms
(yr)

1 Child - - Ventriculography

2 14 F 4 Suboccipital craniectomy

10 F 1 Ventriculography

2 15 M 3 Ventriculography.
Suboccipital craniectomy

15 M 5 Ventriculography.
Suboccipital craniectomy

5 6 M 6/12 Ventriculography. Suboccipital
craniectomy. Ext. ventric. drainage

13 M 1/12 Ventriculography.
3rd ventriculostomy

20 F 2/12 Ventriculography.
Suboccipital craniectomy

Weiss (1963) 1

Higazi (1963) I

Fiskin and 1
Kurze (1964)

Whisler and 1
Voris (1965)

Ameli and 1
Sodeify (1965)

Elvidge (1966) 1

Arias and 3
Voris (1968)

Hydrocephalus

Aqueduct stenosis

Aqueduct stenosis

Aqueduct stenosis

Aqueduct stenosis

Leukaemic meningitis

Aqueduct stenosis

Aqueduct stenosis

32 M 1 Ventriculography. Aqueduct stenosis
Torkildsen's operation

35 M 9/12 Ventriculography. Aqueduct stenosis
Torkildsen's operation

42 M 10/12 Ventriculography. (R) V-A shunt Pineal tumour
(Pudenz-Heyer valve)

20 M 10/12 Suboccipital craniectomy. Acoustic neuroma
Ext. ventric drainage

37 F 4/12 Suboccipital craniectomy. Acoustic neuroma
Ext. ventric. drainage

27 M - Post. fossa exploration Cystic haemangioblastoma

32 F 2/12 Ventriculography Sagittal sinus thrombosis

11 M 1 Ventriculography and suboccipital Aqueduct stenosis
craniectomy

31 M 16/12 External ventricular drainage Ependymoma of 4th ventricle

17 M 6/12 External ventricular drainage Medulloblastoma

2 Ext. L ventricular drainage and
suboccipital craniectomy

5/12 External ventricular drainage

Tentorial meningioma

Cerebellar haemangioblastoma

23 M 2/12 External ventricular drainage

31 F 10 Myodil ventriculography.
Torkildsen's operation

3rd ventricle astrocytoma
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Peet (1940)

Schorstein
(1942)

Haft et al.
(1960)

Del Vivo and
Armenise
(1961)

42 M

31 MSengupta and
Hankinson
(1970)

Pineal teratoma
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TABLE 1
OBSERVATIONS FROM LITERATURE

Site of haematoma Time interval Source of Method of diagnosis Remark
between ventricular bleeding
drainage and sign
of complications

Bilateral frontal

Bilateral frontal

Bilateral frontal

Bilateral frontal (also
bifrontal subdural)

Parieto-occipital

L parieto-occipital

L temporo-occipital

L temporal

L hemisphere

R frontoparietal

R frontoparietal

R parietal

R parietal (ossified)

L frontal

Posterior fossa

R parieto-occipital

Bilateral parietotemporal

R parietal

R parietal

L temporoparietal

During ventriculography

During suboccipital
craniectomy

1 hr

During suboccipital
craniectomy following
ventriculography

During suboccipital
craniectomy following
ventriculography

Following day

Venous

Venous

None detected

Not diagnosed

Not diagnosed

Not diagnosed

Not diagnosed

None detected Not diagnosed

Dura was bleeding
in small spots

During 3rd ventriculostomy None

Following day

Immediately after
Torkildsen's operation

Following day

6 hr

Following morning

During resection of
acoustic neuroma

15 mth

1 hr

2 hr

2 days

1 hr

2 days

4 hr

8 hr

None

None

None

Middle meningeal
artery

None

None detected

None

None

None

Emissary veins
from dura

None

None

None

Reopening burr holes

Attempted ventricular
puncture revealed
extradural clot

Subtemporal decompression
for suspected oedema
detected extradural
haematoma

Exploratory burr holes

Carotid angiography

Exploratory trephine hole

Not diagnosed

Not diagnosed

Skull x-ray showed calcified
mass

Repeat ventriculography

Reopening of incision

Displacement of pineal

Cannulation followed by
reopening of incision

Not diagnosed

Reopening of burr holes

Ventriculography and
carotid angiography

None Not diagnosed

Died

Died 14 hr after op. PM
confirmed

Died 14 hr after op. PM
confirmed

Died 12 hr after op. PM
confirmed

Died 4 days after op. PM
confirmed

Died 8 days after op. PM
confirmed

Complete recovery

Survived this complication
with severe deficit

Survived but gross organic
and psychiatric deficit

Complete recovery

Survived with residual deficit

Died 2 days after op. PM
confirmed

Died 2 days after op. PM
confirmed

Pt. died of recurrence of
haemangioblastoma

Full recovery

Died from brain-stem
compression

Died 4 days after op. PM not
performed

Died 14 hr after post. fossa
exploration for medullo-
blastoma

Died 7 days after op. PM
confirmed

Complete recovery

Recovered from effect of
extradural but later died
from lesion as confirmed
by PM

Died 12 hr after op. PM
confirmed
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Whole of L hemisphere 2 hr
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revealed, which at craniotomy was found to be
about 3 cm thick and extending over the whole of
the right hemisphere. The clot was removed and the
dura mater was hitched to the pericranium to pre-
vent further haematoma formation. The bone was
not replaced. After this he became fully conscious
and the left hemiplegia resolved. Routine blood
investigations revealed a low prothrombin time
which responded well to vitamin K.
Three weeks later ventriculography demonstrated

a right-sided cerebellar space occupying lesion.
Suboccipital craniectomy was performed on the
same day and a large cystic haemangioblastoma was
excised. He made an uneventful recovery and repair
of the right parietal skull defect was not necessary
as it filled in very firmly. Twelve years later he was
re-examined for this report. He is now chief foreman
in the same engineering firm, has no neurological
deficit, and is leading a normal life.

CASE 2

A.C., a 23 years old clerk, was admitted on 30
September 1969 with a two months' history of
malaise, more recently with headache and diplopia.
There was no significant past history. The patient
was drowsy but could answer questions. There was
moderate neck stiffness and bilateral papilloedema.
Conjugate upward gaze was impaired and the plantar
responses were extensor. Neurological examination
was otherwise normal. Radiographs of the skull
showed curvilinear and punctate calcification in the
mid-line in the region of the posterior part of the
third ventricle. A provisional diagnosis of hydro-
cephalus due to an intracranial tumour was made
and bilateral external ventricular drainage through
posterior parietal burr holes was established under
local anaesthesia. Although he was more alert
immediately after the drainage procedure, eight
hours later his level of consciousness started to fall
and he gradually became unconscious with a right
hemiplegia. The drainage tubes had ceased to func-
tion.
An emergency ventriculogram showed two separ-

ate lesions. A tumour in the posterior half of the
third ventricle completely obstructed the flow of air.
A space occupying lesion was also present super-
ficial to the left trigone, displacing the third ventricle
and the presumed pineal tumour to the right by
about 1 cm. To confirm the nature of the super-
ficial lesion, left carotid angiography was performed
and demonstrated a large extradural haematoma in
the left parietal region centred beneath the parietal
eminence.
Craniotomy was then carried out and the ex-

tradural haematoma, which was about 3 cm thick,
was evacuated. During the operation it was noted
that the tissues were extremely vascular and haemo-
stasis was obtained with difficulty. After this pro-

cedure the patient started to improve, his hemi-
plegia resolved and he became alert and cooperative.
As the original lesion was thought to be a pineal

tumour blocking the flow of cerebrospinal fluid
from the third ventricle, a Spitz-Holter valve was
inserted, but after an initial period of improvement,
his condition deteriorated and he died on 30
October 1969.

NECROPSY A large tumour, which proved to be a
pineal teratoma, had filled the posterior half of the
third ventricle and measured 4*4 cm transversely.
The tumour had virtually replaced the whole of the
mid-brain and had extended caudally to distend the
fourth ventricle and compress the pons. No evidence
of any residual haematoma was found and no cause
for this occurence was detected.

CASE 3

M.A., a 31 year old housewife, had suffered from
attacks of headache for years but had no other
symptoms until the last episode of headache in
January 1970, which was associated with vomiting,
double vision, and staggering gait. When she was
admitted to hospital on 20 March 1970 she was
seen to have prominent eyes, scanty eyebrows, and
sparse axillary hair. She had diplopia on looking to
the right, due to a right lateral rectus palsy, and had
low grade bilateral papilloedema. All reflexes
including jaw jerks were brisk; the plantar responses
were flexor. Her gait was mildly ataxic but there was
no weakness or sensory change. Radiographs of the
skull showed the sella turcica to be deepened and
the dorsum sellae had disappeared. Long-standing
hydrocephalus causing ballooning of the third
ventricle was suspected. Left common carotid
angiography showed marked stretching and widen-
ing of the arch formed by the anterior cerebral
arteries but there was no suggestion of mid-line
displacement.
These findings indicated ventricular dilatation

without evidence of a space occupying lesion. At
Myodil ventriculography the contrast medium
failed to enter the third ventricle, presumably from
blockage of the foramen of Monro. On the same day
a bilateral Torkildsen's operation was done. During
the operation there was a short period of lowered
blood pressure and electrocardiographic changes. At
the end of the operation the patient was conscious
but did not speak and was found to have a right
hemiplegia, the cause of which was not apparent.
Two hours later both pupils dilated and she became
comatose. Six hours later her blood pressure fell and
breathing ceased. In spite of attempts at resuscita-
tion, she died 12 hours after the operation.

NECROPSY A large extradural haematoma over the
left hemisphere extended from the temporoparietal
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to the occipital region. The origin of the haematoma
was not clear as the burr holes were not related to it.
In addition to this unsuspected finding, the third
ventricle was filled by a tumour which was classified
histologically as an astrocytoma.

DISCUSSION

From the cases so far reported in the world
literature and those of our own, some observa-
tions can be made (Table 1). It is of importance
that more than half of these patients died from
this complication alone (Table 2). The patients
were young, there was no difference in incidence

TABLE 2
ANALYSIS OF FINAL RESULT

Result No. of cases

Death from this complication 12
Recovery from this complication, but died from

original lesion 3
Recovery with severe deficit 3
Complete recovery 4
Total 22

TABLE 3
ANALYSIS OF OPERATIVE PROCEDURE BEFORE ONSET OF

EXTRADURAL HAEMATOMA

Procedure No. ofcases

Ventriculography 3
External ventricular drainage alone 4
Ventriculography followed by suboccipital craniectomy 4
Suboccipital craniectomy alone 2
Ventriculography followed by Torkildsen's operation 3
Suboccipital craniectomy and external ventricular

drainage 3
Ventriculography followed by 3rd ventriculostomy 1
Ventriculography followed by V-A shunt 1
Ventriculography, suboccipital craniectomy, and

external ventricular drainage 1
Total 22

related to sex, and the duration of symptoms
suggestive of raised intracranial pressure varied
from two months to 10 years. In most cases
ventricular drainage was done either as a pre-
liminary measure to combat raised intracranial
pressure or as a step in the surgery of a posterior
fossa lesion (Table 3). However, some patients
developed the complication after ventriculo-
graphy only. In this context it is interesting to
note that our case 3, after Myodil ventriculo-
graphy, showed no deterioration until after

ventriculocisternal shunt (Torkildsen's opera-
tion) some four hours later. Extradural haema-
tomas from this cause were either bilateral or on
the side of the ventricle which had been used for
drainage. In more than half of the cases they
occurred in the anterior half of the cranial
cavity, without any apparent connection with
the operation site (Table 4).
Although Weiss (1964) found bleeding from

the middle meningeal artery to be the cause, in
no other case was a definite source found. Even
where the site of the haematoma was located
close to the burr hole, the actual operative area
was usually reported to be dry. Nor does there
seem to be any correlation with the pathology
for which the patients were submitted to the
procedure, except that most of them were
suffering from raised intracranial pressure
(Table 5). Another interesting observation was
that, although the majority had a non-com-
municating type of hydrocephalus from lesions

TABLE 4
ANALYSIS OF CASES REGARDING SITE OF EXTRADURAL

HAEMATOMA FORMATION

Site No. ofcases

Related to site of operation for ventricular drainage 8
Not related to site of operation but located elsewhere 14
Total 22

TABLE 5
ANALYSIS OF ORIGINAL LESIONS FOR WHICH VENTRICULAR

DRAINAGE WAS CARRIED OUT

Lesions No. of cases

Aqueduct stenosis 9
Posterior fossa tumour 7
Tumour in region of 3rd ventricle 3
Hydrocephalus 1
Leukaemic meningitis 1
Sagittal sinus thrombosis 1
Total 22

in the third ventricle, aqueduct, or posterior
fossa, haematoma also occurred in a case of
sinus thrombosis (Ameli and Sodeify, 1965), and
during surgery for an acoustic neuroma where
there had been no suggestion of raised intra-
cranial pressure at any time before the operation
(Fiskin and Kurze, 1964).
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There were some other factors detected in
these patients. In case 1, the patient had suffered
from haematemesis and had a low prothrombin
level attributed to excessive ingestion of aspirin
over a long period. In both the other cases,
comment on excessive bleeding was made during
the operation. Although this bleeding tendency
was not noted by others, it is possible that
patients with a long history of headache from
raised intracranial pressure would be liable to
take increasing amounts of aspirin preparations
before treatment.

MECHANISMS OF EXTRADURAL HAEMATOMA FOR-

MATION For the development of extradural
haematoma two essential factors are necessary:

1. A bleeding source.
2. Separation of the dura mater from the

cranial vault.
Although Ford and McLaurin (1963) des-

cribed from their study the possible mechanisms
of extradural haematoma, separation of the
dura mater is difficult to understand in the ab-
sence of trauma. Schorstein (1942) suggested
that falling intracranial tension led to con-
traction of the elastic dura mater and caused
separation in some places. He also thought that
traction exerted on the dura mater by the venous
attachment of the brain aided the falling pressure
so that veins pressing between the membrane
and skull were torn, resulting in what he termed
' venous haematomas'. However, no recognizable
source of bleeding was found in most of the
reported cases, either during re-exploration or at
necropsy.

Table 1 indicates that extradural haematoma
occurs more often in young adults than in
children, despite the frequency of surgically
treated hydrocephalus in the latter group. Luys
(1901) observed that the dura mater in the an-
terior half of the cranial vault is less adherent
than in the posterior half. It is possible that when
a patient suffers raised intracranial pressure for
a long time the pressure fluctuates within a
narrow range due to various factors including
posture, food, drugs, and respiratory excursions.
This fluctuation of pressure, albeit small, may
initiate the separation of the dura mater from the
inner surface of the cranium in this age group,
whereas in the elderly the dura mater is suf-
ficiently adherent to the cranial vault to prevent
this occurring. Similarly, in infants the dura
mater is firmly attached at the cranial sutures.

So with lowering of pressure during drainage
this potential extradural space will be rapidly
increased, causing capillary bleeding from the
vascular bone and dura mater. If patients have
an added defect of coagulation with an increased
bleeding tendency, capillary bleeding will con-
tinue, causing a cycle of more bleeding leading
to separation. Defective haemostasis during the
surgical procedure could result in a similar
situation.

MANAGEMENT It is remarkable that in nine
cases no diagnosis was made in life. In the
remainder the development of an extradural
haematoma was discovered by re-opening the
operation wound and by various other methods
in the search for a possible cause of unexplained
deterioration (Table 6). From the clinical ap-
pearance of the patient, in a number of cases the

TABLE 6
ANALYSIS OF CASES AS TO METHOD OF DIAGNOSIS OF

EXTRADURAL HAEMATOMA

Method of diagnosis No. ofcases

By opening operation site 6
Exploratory burr or trephine holes 2
Plain radiograph of skull showing pineal shift or

calcified mass 2
Carotid arteriography I
Ventriculography 1
Carotid arteriography and ventriculography 1
No diagnosis in life 9
Total 22

deterioration was explained in different patho-
logical terms such as hypothalamic disturbances,
as in case 3 in our series, or due to sudden
progression of the patient's lesion. Since the
publication ofAtkinson's paper (1949) on the role
of the anterior inferior cerebellar artery in the
surgery of cerebellopontine angle tumours,
operative or postoperative deterioration of
cerebellopontine angle lesions has been thought
to be due to interference of blood supply to the
brain-stem. As part of the clinical picture of
brain-stem ischaemia and that of extradural
haematoma is similar, assessment may prove
difficult.
With the modern use of valve-regulated shunt

therapy and the availability of dehydrating
agents, such as dexamethasone, external ventri-
cular drainage is less frequently required. When
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drainage is used, pressure should be released
gradually and close observation is essential to
detect any deterioration. Sudden non-functioning
of the drainage tube may be a sign of ventricular
collapse from compression. If this complication
is borne in mind focal signs will usually be elicited.
Urgent investigation on suspicion is warranted
in this condition. According to the facilities
available the suspected burr hole can be re-
opened or ventriculography or carotid angio-
graphy may be performed. Probably angio-
graphy is best as the location of the haematoma
is often uncertain. The development of this
complication during surgery of a posterior fossa
lesion is more difficult to recognize. Sudden
swelling of the cerebellum, stoppage of flow of
cerebrospinal fluid through the drainage tube,
and changes in the vital functions as monitored
by the anaesthetist should suggest its occurrence.
Finally it may be useful before surgery to study
the prothrombin levels of some of these patients.

We would like to thank Mr. M. J. Betty for per-
mission to quote case 3 which was admitted under
his care and Dr. G. Gryspeerdt for radiological
assistance.
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