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Introduction

The study was done prospectively in the
Neurosurgery Department, Trauma Casualty Unit,
Cairo University on patient admitted in the period from
August 2013 to March 2014, suffering from traumatic
brain injuries associated with dural venous sinus
injury.

Forty patients with traumatic brain injuries
associated with dural venous sinus injury requiring
surgical intervention then followed up clinically and
radiologically.

Inclusion criteria were: - All patients with
traumatic brain injuries associated with dural venous
sinus injury requiring surgical intervention; - No sex
predilection and - No age predilection.

Exclusion criteria were: - All patients with
traumatic brain injuries not associated with dural
venous sinus injury; - Shock (the systolic blood
pressure less than 90 mm Hg) for longer than 30
minutes; - Hypoxia [pulse oxygen saturation (SPO2)
less than 90%] for longer than 30 minutes; - Serious

The traumatic dural venous sinus injury is one of the most dangerous complications of TBI, either due to fatal
intracranial compressing venous bleeding, or disturbing the intracranial pressure which could be caused by injury

On the other hand, post traumatic dural sinus thrombosis is considered a rare complication which may lead to
hemorrhagic infarction with its serious consequences including epilepsy, neurological deficits, or death. Therefore,
knowledge of the appropriate treatment of this kind of head injury is essential.

extracranial injuries; - Bleeding tendency and - Clinical
brain death on admission.

Prehospital Report

The patients were all treated with similar
prehospital emergency treatment, and routine brain
CT scan was performed (Table 1).

Table 1: Prehospital emergency treatment and routine brain CT
scan

Mechanism How did injury occur?

Presence of drugs or alcohol.

Deaths at the scene.

Confounding issues.

Injury Primary survey.

Glasgow Coma Scale.

Heart rate.

Blood pressure.

Respiratory rate.

Oxygen saturation.

Temperature (if applicable).

Airway (airway management).

Breathing (oxygen administration, needle or tube
thoracostomy).

Circulation (intravenous access established and fluids
administered)

Disability—neurologic (spine precautions).

Extra information (medications administered, procedures
performed).

Vital data

Treatment
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History

Taken from the patient, or his relatives for;
age, mechanism of injury, time of trauma, Time of loss
of consciousness, presence of lucid interval and pre-
hospital post-traumatic fits.

Clinical Findings

Conscious  level (preoperative  GCS),
presenting symptom, scalp injuries, bleeding orifices,
pupils and associated injuries (spine, cardiothoracic,
orthopaedic ...etc).

Radiological Findings

A) All patients underwent CT imaging with
bone window to determine the type of intracranial
injury (EDH, ICH, ASDH or compound depressed
fracture) before a decision was made about the
surgical procedure.

B) Imaging for associated injuries, (spine,
cardiothoracic, orthopaedic, ...etc).

Surgical procedures

In our study 10 cases (50%) the bleeding is
controlled by direct compression by gel foam (gelatin
compressed sponge), which is absorbable
haemostatic material for few minutes, 5 cases (25%)
the bleeding is controlled by direct application of gel
foam on the sinus injury followed by stitching the dura
up to the adjacent bone, 4 cases (20%) the bleeding
is controlled by direct stitching the dural tear followed
by gel foam compression and 1 case (5%) the
bleeding is controlled by free muscle duroplasty. In
some cases ( not faced in the study) there is severe
sinus injury with hemorrhage is out of control, ligation
can be performed in non-critical areas (in the first
quarter of the superior sagittal sinus). A temporary
sinus- sinus shunt may be necessary to repair the
sinus tear without compromising sinus blood flow
properly, but we did not face that in our study. Blood
transfusion is required in such cases.

Postoperative care

The conscious level will be assessed
frequently using the Glasgow coma scale.

&follow up CT brain within 24 hours after
surgery.MRV may be needed if there are
manifestations of increased ICP, or venous infarction
in follow up CT.

The following will be assessed

A) Clinical improvement of symptoms.

Table 2: Master table

No. Sex Age Modeof GCS Associated image Sinus _ Operative Image  Complications _ Other
(year) trauma Preoperative injury techniqgue  Postoperative surgery
1 f 2 Faling 15 LT frontal CD# _ Anterior _ Direct gel Good No No
from crossing midiine  part of foam
height SSS  compression
2 M 25 Blunt 15 LT frontal CD#  Anterior Direct gel Good No No
trauma reaching mid  part of foam

line SSS  compression

3 M 42 Bunt 15 RT frontal CD#  Anterior ~ Direct gel Good No No
trauma reaching mid  part of foam
line SSS  compression
4 F 55 Road 5 #ribs and LT parieto Left TS Direct Good control  Multiple brain No
traffic haemothorax ~ occipital CD#, stitching of ~of sinus infarctions
accident massive brain the tear with  bleeding +
edema, gelfoam  Multiple brain
massive brain compression  infarctions
hypo perfusion
5 M 29 Blunt 9 - Middle  Stitching the Good Collection of ~ Evacuation
trauma partof duraup after evacuationof  EDH on of
Sss  application the contralateral hematoma
of gelfoam  hematoma, side
onthetear  Collection of
EDH on
contra lateral
side
6 M 14 Trauma 14 Occipital D#, ~ Posterior Stitching the ~ Good control Intra No
by bilateral partof duraupafter  of sinus operative
sharp occipital  SSS, TS application  bleeding  bleeding — 3
object contusions of gel foam unites blood
on the tear transfusion
7 M 8 Faling 7 #long bones ASDH Middle  Directgel ~ Massive ICH ICH Yes
from part of foam
height SSS  compression
8 M 19 Road 15 - RT parieto RT Direct gel Good control No No
traffic occipital CD#  sigmoid  foam of sinus
accident reachingsub  sinus  compression  bleeding

occipital region

9 M 25 Bunt 7 LT fronto- Middle Direct =Collection of Evacuation
trauma temporo- partof  stitching of  evacuation of of
parietal EDH SSs the tear with the contra lateral hematoma

gelfoam  hematoma, side
compression  Collection of =Intra
EDH on operative
contralateral  bleeding — 3
side unites blood
+ transfusion
Small RT =Post
parietal traumatic
hemorrhagic  transverse
infarction sinus
thrombosis

10 F 3 Blunt 15 RT frontal CD#  Middle  Direct gel Good No No

trauma crossing mid  part of foam

evacuation of
line, underlying  SSS  compression the
EDH hematoma
11 M 23 Road 14 LT temporal ~ Anterior  Direct gel Good NO NO
traffic EDH, frontal air ~ part of foam  evacuation of
accident sinus # SSS  compression the
+frontal it hematoma
sinus repair
12 M 35 Trauma 5 - LT high parietal ~ Middle Direct Good NO NO
by CD#, underlying  part of ~ stitching of  evacuation of
sharp ICH SSS  the tear with the
object gelfoam  hematoma
compression
13 M 25 Road 9 - LT prieto- LTTS Free muscle =Good =Complete NO
traffic occipital EDH duroplasty ~ evacuation of ~ obstruction of
accident reaching sub the LTTS—
occipital region hematoma  Hemorrhagic
infarctions —
=Massive RT hemi
brain edema, ~ paresis grade
=Hemorrhagic 3, Intra
infarctions operative
bleeding — 3
unites blood
transfusion
14 M 25 Blunt 15 LT high parietal ~ Middle Direct ICH =ICH NO
trauma EDH partof stitching of =Intra
SSS  the tear with operative
gel foam bleeding — 4
compression unites blood
transfusion
15 M 15  Bunt 15 RT high parietal Middle  Direct gel ~ Good control NO NO
trauma co# part of foam of sinus
SSS  compression  bleeding
16 F 20 Road 14 Mild pelvic ~ RT frontal EDH  Anterior ~ Stitching the Good NO NO
traffic collection partof dura up after evacuation of
accident sss application the
of gelfoam  hematoma
on the tear
17 M 42 Bunt 14 LT high parietal Middle ~ Directgel ~ Good control NO NO
trauma CD#+underlying  part of foam of sinus
EDH SSS  compression  bleeding
18 M 8 Blunt 15 Mid line frontal ~ Anterior Direct gel Good control NO NO
trauma co# part of foam of sinus
SSS  compression bleeding
19 M 47 Faling 5 #long bones ASDH Middle ~ Stitching the ~ Good control Intra NO
from partof duraupafter  of sinus operative
height SSS  application  bleeding  bleeding — 4
of gel foam unites blood
on the tear transfusion
20 M 4 Faling 15 LTparieto-  LTTS Stitchingthe Good control NO NO
from occipital CD# duraup after  of sinus
height application  bleeding
of gel foam
on the tear

M: Male; F: Female; LT: Left; RT: Right; CD#: Compound depressed fracture; EDH: Extra dural hematoma;
ASDH: Acute sub dural hematoma; ICH: Intra cerebral hematoma; SSS: Superior sagittal sinus; TS:
Transverse sinus.

B) The rate of complications.

C) The need for
management.

D) Wound healing.

subsequent lines of

E) The outcome was graded using the
Glasgow Outcome Score (GOS), which defines.

1. Grade | as death,

2. Grade Il as persistent vegetative state,
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3. Grade 1l
conscious but disabled),

as severe disability (being

4. Grade IV as moderate disability (being
disabled but independent), and

5. Grade V as good recovery.

Case Presentation

Case l

The patient was operated upon by elevation
of the depressed bone, carefully evacuation of EDH.
There was bleeding from 2 small lacerations of the
middle part of SSS, which was controlled by the direct
application of gel foam on the lacerations with gentle
compression for a few minutes (Figure 1).

Figure 1: Pre-operative CT of Case 1

had the
GCS15/15, and there is no neurological deficit (Figure
2).

Postoperatively  patient same

Figure 2: Postoperative CT of Case 1

Case 2

The patient was operated upon by careful
evacuation of EDH. There was severe intraoperative
bleeding from large injury of the left transverse sinus,
which was controlled by free muscle duroplasty
followed by application of gel foam and compression
for a few minutes. During the operation, we need a
massive blood transfusion, and there was severe
brain oedema and the elevated bone cannot be
replaced again (Figure 3).

) @/ @/@
@//@/@)0
00000
00000
000/

Figure 3: Pre-operative CT brain of Case 2

had the
GCS9/15, and there was contralateral hemiparesis
motor power and was grade 2.

Postoperatively  patient same

Postoperative CT scan showed good
evacuation of the hematoma, but there were severe
brain oedema and multiple hemorrhagic infarctions of
left cerebral hemisphere (Figure 4).
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lacerations of the middle part of SSS, which was
controlled by putting on the direct haemostatic sheath
of gel foam on the lacerations and stitching the dura
up (Figure 6).

Figure 6: Pre-operative CT of Case 3

Figure 4: Post-operative CT brain of Case 2 . .
Postoperatively patient had the same

GCS15/15, and there was an improvement in the
MRV showed complete obstruction of the left  motor power (Figure 7).

transverse sinus (Figure 5).

Figure 5: Post-operative MRV of Case 2

The patient gradually improved on
dehydrating measures (mannitol 20% and Lasix),
clexan (60 unites subcutaneous every 12 hours) and
physiotherapy.

After one-week GCS became 14/15 and
motor power improved in the right side up to grade 4.

Case 3

The patient was operated upon by elevation
of the depressed bone, and duroplasty using

ipsilateral pericranium. There was bleeding from small  Figure 7: The depressed bone before its elevation (top); Post-
operative CT brain of Case 3 (bottom)
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Case 4

The patient was operated upon by careful
evacuation of EDH. There was severe intraoperative
bleeding from large injury of the middle part of SSS,
which was controlled by direct stitching the tear
followed by application of gel foam and gentle
pressure for a few minutes. During the operation, we
need a blood transfusion (Figure 8).

Figure 8: Pre-operative CT brain of Case 4

Postoperatively patient had the same
GCS7/15.
Postoperative CT scan showed good

evacuation of the hematoma, but there was a
collection of EDH on the contralateral side which was
evacuated, and there was small right parietal
hemorrhagic infarction (Figure 9).

Figure 9: Post-operative CT brain of Case 4 showing RT frontal
EDH and hemorrhagic infarction

MRV showed thrombosis of the medial half of
the right transverse sinus and attenuated calibre of
the middle part of SSS with no evidence of complete
occlusion. Anticoagulation was used clexan (60 unites
subcutaneous every 12 hours) (Figure 10).

Figure 10: CT brain of case no (4) after the second operation
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Figure 10: Post-operative MRV

Results

The data collected from 20 cases of traumatic
dural venous sinus injuries in this study were
evaluated. The study included 20 patients, 14 males
and 6 females. Their age ranges between 2 and 55
years with a mean age of 28.5 years.

Sex

There were 6 female and 14 males. Male to
female ratio was 3:1. Mode of trauma is shown in Fig.
11.

50%
5% Mode of a

40%
FFH

25% -
20%
15%
10%
5%
0%

Sharp object

35%
30%

Heavy object({blunt
trauma)

Figure 11: The mode of trauma

The GCS
Stated in Table 2 are GCS.

Table 2: GCS in the patients

The site of sinus injury

Table 3 shows the various dural sinuses

injuries according to their localisation.

Table 3: The various dural sinuses injuries according to their
localisation

The localisation of sinus injury No of patients Percent

Superior sagittal sinus 15 75%
Anterior part
Middle part 6
Posterior part 9

1(in combination with TS)
Transverse sinus 3 15%
Sigmoid sinus 1 5%

Multiple sinuses 1(TS with the posterior part of 5%

The lesions associated with the sinus

injury

The associated injuries were present in 20%
(4 out of 20 cases) mainly orthopedic fractures of long
bones (2 cases) 10%, hemothorax with fracture ribs (1
case) 5% and mild abdominal collection (1 case) 5%.
The case with hemothorax and the two cases with
fractures of long bones died indicating more severe
trauma to the patients.

Table 4 shows different intracranial lesions
associated with dural sinus injuries.

Table 4: Different intracranial lesions associated with dural
sinus injury

The lesion No of patients Percent
CD# 7 35%
EDH 5 25%
ASDH 2 10%
Multiple lesions 6 30%

The operative techniques used in the
treatment of sinus injury

Figure 12 shows different operative
technigues used in the treatment of dural sinus injury.

60%

50% -+

40% +—

30% -

20% -

1 1 =

Direct stitching the dura Direct stitching the Muscle duroplasty
compression by gelup to the adjacent dural tear
foam bone

Figure 12: Different operative techniques used in the treatment of
dural sinus injury

In this study, 12 cases passed without any
complications, either intra-operative or post-operative.
Five cases had severe intra-operative bleeding and
take blood transfusion, two cases of our study were

No of paients 5cs Ep— complicated ~ with  extradural ~ collection in the
3 o5 15% contrala_teral side which were managed py surgical
2 915 10% evacuation, two cases were complicated by
. s e intracerebral hematoma one of them was managed

conservatively and the other surgically, one case was
3230 https://www.id-press.eu/mjms/index
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complicated with post-traumatic sinus thrombosis and
hemorrhagic venous infarction, and one case was
complicated with complete transverse sinus occlusion
after free muscle duroplasty leading to hemorrhagic
venous infarction and contralateral side weakness. As
stated in (Table 5 and Table 6).

Table 5: Complications in the studied group

Complication No of patients

No 12
Massive intraoperative bleeding

EDH collection on the other side

ICH collection

Post-traumatic sinus thrombosis

Complete transverse sinus occlusion after free muscle

PR NNMDO

duroplasty

Glasgow outcome scale

The overall mortality (Grade 1) was 15%,
(Grades Il vegetative) and (grade Il severely

disabled) were 0%, (Grades IV moderate disability)
was 5% and (grade V functional recovery) was 80%.In
our study, 3 patients died due to associated intra
cranial lesions and other coexisting injuries in
polytraumatized patients as haemothorax and bone
fractures. The remaining 17 patients returned to daily
living activity in the follow up period. In all patients the
outcome was dependant on the primary and
secondary brain injury and coexisting injuries in
polytraumatized patients.

Table 6: Need for further surgical intervention

Further surgical intervention No of patients

No 17
Yes 3
Discussion

Traumatic brain injury (TBI) is frequently
encountered in the emergency department, and one
of the most common causes of morbidity and mortality
in developing countries. The traumatic dural venous
sinus injury is one of the most dangerous
complications of TBI, with its incidence to be raised to
4-12% of all TBI, with a reported mortality rate of 41%

[1].

To understand the leading causes of the
dangerous complications of traumatic dural venous
sinus injury, we reviewed the literature and published
papers which were concerned with the previous. So,
we realised that either fatal intracranial compressing
venous bleeding, or disturbing the intracranial
pressure, which could be caused by injury to the SSS
[2]. It is believed that cerebrospinal fluid (CSF) drains
through the arachnoid granulations into the superior
sagittal sinus [3].

The hematoma due to sinus bleeding may
compress the SSS leading to impairment of cerebral
venous drainage, so the absorption of cerebrospinal

fluid is impaired, which may lead to the presence of
venous blood hypertension and hydrocephalus
leading to increasing intracranial pressure with
restricted cerebral blood supply then occur, upon that,
patients may be presented with clinical picture of
increased intracranial pressure. If intracranial
hypertension develops, it can induce uncal herniation
and reflex brady-cardia, which may then result in
sudden death. On the other hand, post traumatic dural
sinus thrombosis is considered a rare complication
which may lead to hemorrhagic infarction with its
serious consequences including epilepsy, neurological
deficits, or death [4].

The common causes of intracranial dural
venous sinus thrombosis include head and neck
infections, pregnancy and puerperium, use of oral
contraceptives, and dehydration [5]. Following head
injury, skull fractures or intracranial hematomas can
cause thrombosis either by direct compression of the
sinus [6] or by damaging endothelial lining of the sinus
wall which will be followed by activation of the
coagulation system resulting in sinus occlusion.
Uncommonly, sinus thrombosis can occur after mild
closed head injury with suture diastasis [5]. Early
detection is important as early management with
anticoagulation of this potentially treatable condition
will result in good outcome, and thrombi in the sinuses
frequently recanalize with time due to fibrinolysis [5].

Treating traumatic dural sinus injuries puts a
high demand on every neurosurgeon as this kind of
injury cannot be diagnosed in all cases pre
operatively. Therefore, knowledge of appropriate
treatment of this kind of head injury is essential.
Recent development in computed tomography (CT)
scan in the form of 3D reconstruction is helpful in this
scenario as the preoperative knowledge of the
anatomical site is essential for proper planning of
surgical management of dural sinus injury. Sinus
injury should be suspected if preoperative CT shows
hematoma overlying venous sinuses, or fractures
which crossed the sinus [7].

Follow up MRV should be a good definitive
diagnostic tool for those suspected cases especially if
the patient starting to have manifestations of
increased intra cranial pressure or follow up CT
showed evidence of venous infarction in the form of
hyperdense petechial hemorrhages and hypo dense
edema may be seen in the cortical grey matter and
sub cortical white matter due to sinus obstruction. The
other challenging issue is how to deal properly with
the massive bleeding coming from the injured dural
venous sinuses during surgically treated head injured
patients. So we reviewed The literature that was
concerned with the proper dealing with that issue
which stated that Small holes or tears of the venous
sinus can be managed with either by using
absorbable haemostatic materials as Gel foam
(gelatin compressed sponge) and Surgicel or fibrillar
(oxidized regenerated cellulose), or by gentle
pressure with baking with cottonoid bads [8], [9].
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Direct closure of tears can be performed if it
does not result in sinus stenosis. For larger ruptures,
patch repair using a vein graft, per cranium or the
fascia lata is required [10], [8].

If the hemorrhage is out of control, ligation
can be performed in non-critical areas as in the first
guarter of the SSS. A temporary sinus- sinus shunt
may be necessary to properly repair the sinus tear
without compromising sinus blood flow [11].

There are some respectable technical
aspects, as follows, that may greatly facilitate proper
management. Before the elevation of the bone
fragments, preparations for rapid haemorrhage and air
embolism should be in place and an assistant should
be ready to manoeuvre the operating — table at a
moment’s notice [12]. Continuous generous irrigation
over the sinus during the elevation of the bone
fragments reduces the chance of embolism. Wet
swabs should be at hand to immediately cover the
sinus. The semi-sitting (lounging) position allows a
good venous return without increased intracranial
pressure. The operative exposure should be as
extensive as possible. The skin flap and craniotomy
should extend across the midline to permit
visualisation of both sides of the sinus [13].

The bridging veins, especially in the rolandic
outflow area, should be preserved [14]. To facilitate
venous sinus patency after surgery, blood pressure,
volume and viscosity must be carefully monitored.

To supplement knowledge in this field, we
describe here the results of 20 patients with traumatic
dural venous sinus injury were managed in Cairo
University hospitals, in the emergency department.

In our study, male: female ratio was almost
(2:1) [14 males and 6 females]. Similarly, other
studies reported more incidence of trauma in males.
e.g. [15], [16] found that 61.9% of people with TBI
were males. Also, Andersson et al., at 2003 [17]
concluded that TBI in Sweden males had 1.46 higher
rate than females.

In our study we found that 85% of patients
were in this age group (15-45 years), similarly, Gan et
al., (2004) [18] concluded that the incidence of TBI
peak in the younger patients aged 20-40 years.

In our study, the mortality increases with age,
the incidence of mortality in patients > 40 years was
50%, while in patients < 40 years was 0%. Similarly,
other studies reported that morbidity and mortality
increase as age increase, with a mortality rate of 70%
in patients older than 40 years [19], [20], [21].

The mechanism of injury had no significant
difference in mortality rate. There was no significant
difference in the prognosis between males and
females in spite of a 3:1 male predominance.
Similarly, other studies had the same results [22].

Mohanty et al., 1995 [23] and Kuday, et al.,
1994 [24] have reported that lower GCS correlated

with a more unfavourable outcome. In our study, 9
cases have GCS 15/15 45%, 4 cases with GCS 14/15
20%, 2cases with GCS 9/15 10%, 2 cases with GCS
7/15 10%, and 3 cases with GCS 5/15 15%, and there
is mortality rate 75% (3 cases) in patients with GCS
under 8/15.

In our study, we found that the SSS is the
most common dural sinus injury, the anterior and
central parts of the SSS 75% of cases, the transverse
sinus injury 15% of cases, the sigmoid sinus injury 5%
and combined injuries of different dural sinuses 5%.
Similarly, other studies reported that SSS is the most
injured sinus and the central part is the most affected
e.g. [1], [15], [25].

Meier U et al., 1992 found that 69% of the
cases with traumatic dural sinus injury had a closed
head injury together with intracranial hematoma as
EDH and ASDH, 31% of cases had an open head
injury, but the results of our study didn’t match with
this result, as 65% of the cases with traumatic dural
sinus injury had an open head injury while 35% of
cases had a closed head injury together with
intracranial hematoma as EDH and ASDH. As in our
study, we had 7 cases (35%) with compound
depressed fracture, 5 cases (25%) with EDH, 2 cases
(10%) with ASDH and 6 cases (30%) have multiple
cranial lesions, mainly compound depressed fracture
associated with other intracranial lesions as, EDH,
ICH and brain contusions, and this result correlates
with [15], [25]

In our study, 10 cases (50%) the bleeding is
controlled by direct compression by gel foam for few
minutes, 5 cases (25%) the bleeding is controlled by
direct application of gel foam on the sinus injury
followed by stitching the dura up. In 4 cases (20%) the
bleeding cannot be controlled by direct compression
by gel foam only due to larger tears and needed direct
closure of tears by sutures followed by gel foam
compression. One case (5%) the bleeding is
controlled by free muscle flap duroplasty, but during
operation after control of sinus bleeding, there was
sudden severe brain oedema with herniation of brain
through the craniotomy, so we could not replace the
bone flap again during the operation. The case was
complicated by contralateral hemiparesis. Post-
operative CT brain was done revealed hemorrhagic
infarction. MRV was done that revealed complete
obstruction of the transverse sinus. Anticoagulation
and dehydrating measures were used with regular
physiotherapy, and there was a gradual improvement.
In the study of Ozer FD, et al., 2005 [15] massive
blood loss occurred intra operatively could be
controlled by digital pressure with gel foam or with a
free muscle flap.

In this study, 12 cases passed without any
complications, either intraoperative or postoperative.
Five cases had severe intraoperative bleeding and
take blood transfusion from (2-3 L). Two cases of our
study were complicated with delayed extradural

3232

https://www.id-press.eu/mjms/index



Elkatatny et al. Traumatic Dural Venous Sinuses Injury

collection in the contralateral side which was
managed by surgical evacuation. The cause of this
contralateral delayed EDH in our two cases was
bleeding from the superior sagittal sinus in one case,
and multiple fissure fractures in the other case. We
reviewed the literature and published papers which
were concerned with delayed EDH; we found that
delayed EDH is one which either is not present or is in
insignificant amount on initial CT scan but is found in
significant quantity on subsequent CT scan. It
comprises 9-10% of all EDH [26]. Almost half of them
occur after a craniotomy to relieve another hematoma,
possibly caused by loss of tamponade effect on the
bleeding vessel [27], and are often related to a skull
fracture of the overlying bone [28]. Low ICP, high BP,
rapid correction of hypotension favours development
of delayed EDH. Low ICP can bring about intracranial
bleeding by itself without trauma as in cases of
extracerebral haemorrhage complicating shunt
surgery, ventricular and subarachnoid drainage, spinal
anaesthesia, posterior fossa and spinal intradural
operations [29].

Two cases were complicated by intracerebral
hematoma; one of them was managed conservatively
and the other surgically with no any apparent source
of bleeding during the operation. One case was
complicated with complete transverse sinus occlusion
after free muscle duroplasty leading to hemorrhagic
venous infarction and contralateral side weakness.
One case had post-traumatic sinus thrombosis and
hemorrhagic  venous infarction  without any
neurological deficit just headache. Anticoagulation
was used, and there was a gradual improvement.

In our study, 3 patients died due to
associated intracranial lesions and other coexisting
injuries in polytraumatised patients as haemothorax
and bone fractures. The remaining 17 patients
returned to daily living activity in the follow-up period.
In all patients the outcome was dependant on the
primary and secondary brain injury and coexisting
injuries in polytraumatised patients, and this results
nearly similar to the results of the study of Ozer FD, et
al., 2005 [15] in which 2 cases died due to associated
intracranial lesions, the remaining 15 patients returned
to daily living activity in the follow-up period and the
clinical success was 88%. In our study, clinical
success was 85%.
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