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Introduction

The lack of professional rehabilitation in South East
Asian developing countries like Malaysia for traumatic
brain injuries requires recognition from both physicians
and the public. In Malaysia, nearly every town has a
Computer Tomographic (CT) scan of the brain and a
general radiologist who can report them but most
neurological or neurosurgical services and
rehabilitation centers are based in University Hospitals
as well as larger government or private hospitals. The
need to correlate abnormal follow up CT scan findings
with the need for cognitive rehabilitation is very
important in this country with low human resources in
sub specialized care. The objective of this study was to
predict the outcome in patients with moderate and
severe head injury following motor vehicle accident
(MVA) using the initial and mainly the follow-up CT

scan of brain parameters and correlating them with a
brief cognitive test using the Short Test of Mental Status
(STMS).

Materials and Methods

A cross sectional study was conducted amongst all
adults with moderate and severe head injury following
MVA who had initial and follow-up CT scan of brain.
Ethical approval was given to conduct this study for 28
months from June 2000. The exclusion criterias were
those aged 12 years and below, patients with significant
head injury due to non-MVA, speech difficulties, other
causes within the period of study from the day of injury
till the day of the assessment of outcome that might
change the CT scan appearance of the study group,
patients who has incomplete data available for the
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study, patients who were fixed and dilated and those
with extracranial injuries that may have caused hypoxic
or hypotensive damage to the brain. Patients with mild
head injury and Glasgow Outcome Score (GaS) of two
were excluded from this study.

On admission, all patients involved in MVA were
assessed clinically and categorized to moderate and
severe head injury by using Glasgow Coma Scale'. All
patients who were categorized into moderate and
severe head injury, had a CT scan of brain. A patient,
who had a repeat CT scan of the brain for clinical
deterioration or after underwent surgical intervention
for the head injury such as evacuation of blood clot
during first admission, was assessed in terms of
severity. If the CT scan findings was worst than the first
CT scan, this CT scan of brain parameters were
considered as the initial CT scan in the study instead of
the first CT scan of brain parameters. The intention
was to use the worst findings of CT scan of brain
during the admission period as a predictor for outcome.
For statistical analysis, the CT worst scan of brain was
known as 'initial CT scan of brain' (Group A).

All these patients who had a follow-up CT scan of brain
at about six weeks from the .initial scan was included
for further statistical analysis to determine the factors
that could predict the cognitive outcome of the patient.
As for statistical analysis, these CT scan of brain was
known as 'follow-up CT scan of brain' and was
grouped into Group B. Two senior radiologist who
was blinded to the history and outcome of the patients
would review both the CT scan films and radiological
analysis was done according to Marshall classification'
and Lobato et al description for gliosis and atrophy and
ventriculomegaly 3.

All demographic data, level of consciousness and
cognitive assessment were recorded by the
corresponding author and the CT scan findings by the
first author. The Short Term of Mental Status (STMS)
was used instead of the Mini-Mental State Examination
due to its sensitivity to the problem of learning and
mental agility for use in brain injuries"s. The Glasgow
Outcome Scale (GaS) was not used in this study as
comparison because of the modest association with
cognitive' and thus the STMS was done as a quick
cognitive analysis. In all our patients, there was direct
correlation between the severity grade of the GaS and
the STMS.

For the purpose of statistical analysis, the STMS analysis
was further grouped into good and poor. Good
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outcome includes Group 1 and 2 of the STMS (0-4
errors) and poor outcome included Group 3, 4 (5-8
errors) respectively.

The definitions of intracranial pathology on CT scan
was defined according to Lane et ai, 1992, Orrison and
Levine 1996, Hijdra et al 1990, Zimmerman et al 1978
and Kido et al 19928

•
12

•

The data entry and statistical analysis were done using
SPSS software version 10.0. The sociodemographic data
was analyzed using descriptive analysis. The
associations between the clinical parameters, initial and
follow-up CT scan of brain parameters and the
outcome of the patients were determined. Analysis
was done by using Pearson Chi-square test. The p
value of less than 0.05 was taken as the significant
level.

Results

Twenty one who patients were diagnosed as moderate
and severe head injury cases secondary to motor
vehicle accident had a complete set of initial CT scan
of brain as well as follow-up CT scan of brain six weeks
later. The cognitive outcome of the patients was
reviewed at six weeks follow-up at the same time of the
CT scan. Out of 31 patients, 21 (67.7%) patients were
males and 10 (32.3%) patients were females. Twenty
nine (93.5%) patients were Malays and only two
patients were Chinese. The age of patients ranges from
13 years to 81 years. The mean age was 30.52 years.
Young adults contribute most of the cases with 71.0%
who were below 30 years old.

The most severe score of GCS on admission was four
and maximum score was 12 (Table I). The mean GCS
was 9.48. Most patient presented with GCS score of 12
in this study, which was 12 (38.7%) of 31 patients. The
rest were 2 (6.5%), 3 (9.7%), 3 (9.7%), 2 (6.5%), 4
(12.9%) and 1 (3.2%) presented with GCS 4,6,7,8,9,10
and 11 respectively. Out of 31 cases, 21 patients
(67.7%) were having moderate head injury and ten
patients (32.3%) were having severe head injury.

All types of intracranial haemorrhage, midline shift and
hydrocephalus on the initial CT scan of brain were
taken as the parameters for assessment. In this study,
most of the patients presented with intraparenchymal
haemorrhage 15 (48.4%) and followed by subarachnoid
haemorrhage 12 (38.9%). Eleven patients were having
midline shifted to the contra-lateral side of the lesions
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causing mass effect. Only one patient presented with
acute hydrocephalus. The rest were 11 (35.5%) had
subdural haemorrhage, 9 (29.0%) had extradural
haemorrhage, 8 (25.8%) had haemorrhagic contusion
and 2 (6.5%) had intraventricular haemorrhage.

The sites of bleeding in all type of intracranial
haemorrhage were analyzed. In intraparenchymal
haemorrhage, the commonest site was the parietal lobe
with 10 (66.7%) and followed by temporal region with
9 (60.0%). The others were frontal 5 (33.3%) and basal
ganglia 1 (6.7%). The lesions are either single or
multiple. Similar observations were seen in both
extradural and subdural haemorrhage. For extradural
haemorrhage, 55.6% were seen in parietal lobe and
33.3% in temporal lobe. Subdural haemorrhage
oC'curred in parietal lobe for 81.8% and 63.6% in
temporal lobe. There was no intraparenchymal,
extradural or subdural haemorrhage seen in the
cerebellar region.

For subarachnoid haemorrhage, 75.0% were seen in the
sylvian fissure and 66.7% in the sulci. Out of 31
patients, only two patients (6.5%) presented with
intraventricular haemorrhage, one in the temporal horn
and the other in occipital horn of the lateral ventricle.
Haemorrhagic contusions were observed with the
dominant (left) temporal lobe being the commonest
site 6 (46.2%) followed by frontal lobe 4 (30.8%) and
parietal 3 (23.0%).

Out of 31 patients, 11 (35.5%) had midline shift. Out
of these 11 patients, six patients had less than 5mm of
midline shift and another five patients had 5mm and
more. The rest of the patients did not have midline
shift.

Volumes of the intraparenchymal, extradural and
subdural haemorrhage were also calculated using a
method proposed by Kido et aI, 1992 9. The volume of
a similar type of bleed was added together if the lesions
were multiple. The volume of the lesions were further
classified into two groups. The first group consisted of
volume less than 25 mm' and the second group
consisted of volume of 25 mm' or more.

Only five patients (16.1 %) had repeat CT scan of brain
during the first admission. These were due to
deterioration of clinical assessment and post-operative
CT scan of brain. These CT scans were assessed for
severity of CT scan findings and included as initial CT
scan. Out of five patients, two patients had new
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intraparenchymal haemorrhage, two patients with new
contusion and subdural haemorrhage each and one
patient had no additional CT findings.

Follow-up CT scan of brain were done six weeks after
the initial CT scan focussing on parameters which
included residual intracranial haemorrhage, post
traumatic hydrocephalus, midline shift, presence and
site as well as volume of gliosis and brain atrophy.
However, none of these patients had residual
intracranial haemorrhage, midline shift and brain
atrophy on the follow-up CT scan. Out of 31 patients,
only three patients (9.7%) had post-traumatic
hydrocephalus and 18 patients (58.1 %) were noted to

have gliosis.

In this study, the sites of gliosis being either single or
multiple were assessed together with its volume. The
mean and the standard deviation of volume gliosis
were reported as 72±52 mm'. Parietal lobe (11) was the
most common site of gliosis followed by temporal lobe
(10), frontal (8), occipital (1) and basal ganglia (1). The
volume of gliosis was calculated by using the similar
method and was grouped into two categories for the
statistical analysis; group A (volume of less than 25
mm') and group B (volume of 25 mm' and more).
Group A was found in 11 patients (61.1%) and the
group B was seven patients (38.9%). For multiple areas
of gliosis, the volumes were added together.

In this study age and gender of the patients were not
statistically significant, however the score of Glasgow
Coma Scale on admission was statistically significant as
one of the predictors of outcome (p = 0.014). Other
significant predictors were the presence of midline shift
(p = 0.035) during the injury and presence of post
traumatic hydrocephalus (p = 0.022) on follow-up CT
scan.

Generally, in this study all types of intracranial
haemorrhage were not statistically significant predictors
if taken as a whole. However, univariate analysis by
using chi-square test on severity of GCS, site and
volume of haemorrhages of selected intracranial
haemorrhages showed few parameters, which were
significant statistically. Those parameters are severity of
GCS in patients with intraparenchymal haemorrhage (p
= 0.029), subdural haemorrhage (p = 0.036) and
subarachnoid haemorrhage (p = 0.030). Volume of
bleeding site in patients with subdural haemorrhage
was also statistically significant (p= 0.036). All 31
patients were further grouped by using Traumatic
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Coma Data Bank classification and statistical analysis
showed significant (p= 0.047) to predict the outcome.
Another significant outcome predictor in those patients
was gliosis (p=0.040) especially the presence of
dominant temporal lobe gliosis (p= 0.020) and

hydrocephalus (p=0.022) (Table I). Other variables
(age, gender and site of intraparenchymal haemorrhage
and volume of gliosis) were not statistically significantly
associated with the outcome.

Table I: The significance of CT scan of Brain on initial follow-up and after six weeks with STMS
Variable STMS Outcome ·p-value

Poor n (%) Good n bd
GCS on admission (n=31)

Moderate 5 (23.8) 16 (76.2) 0.014
Severe 7 (70.0) 3 (30.0)

Mid-line shift during injury on initial CT scan (n=31)
Yes 7 (63.6) 4 (36.4) 0.035
No 5 (25.0) 15 (75.0)

Intraparenchymal haemorrhage on initial CT scan (n=15)
Moderate Head Injury 4 (36.4) 7 (63.6) 0.029
Severe Head Injury 4 (100.0) 0 (0.0)

Subdural haemorrhage on initial CT scan (n=11 )
Moderate Head Injury 1 (16.7) 5 (83.3) 0.035
Severe Head Injury 4 (80.0) 1 (20.0)

Subarachnoid haemorrhage on initial CT scan (n=12)
Moderate Head Injury 1 (12.5) 7 (87.5) 0.030
Severe Head Injury 3 (75.0) 1 (25.0)

Volume of bleeding site with subdural haemorrhage on
initial CT scan (n=11)

Moderate Head Injury 1 (16.7) 5 (83.5) 0.036
Severe Head Injury 4 (80.0) 1 (20.0)

Traumatic coma data bank classification on initial
CT scan (n=31)

Diffuse injury I 0 (0.0) 0 (0.0) 0.047
Diffuse injury II 2 (13.3) 13 (86.7)
Diffuse injury III 1 (33.3) 2 (66.7)
Diffuse injury IV 4 (80.0) 1 (20.0)
Evacuated mass 2 (66.7) 1 (33.3)
Non-evacuated mass 4 (80.0) 1 (20.0)

Presence of post-traumatic hydrocephalus on follow-up
CT scan (n=31)

Yes 3 (100.0) 0 (0.0) 0.022
No 9 (32.1) 19 (67.9)

Gliosis on follow-up CT scan (n=18)
Single 4 (36.4) 7 (63.6) 0.040
Multiple 6 (85.7) 1 (14.3)

Dominant temporal lobe gliosis on follow-up CT scan (n=18)
Yes 8 (80.0) 2 (20.0) 0.020
No 2 (25.0) 6 (75.0)
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Discussion

In general, increasing age was associated with poorer
outcome in adults. In this study, age of the patients
was of no significance in determining the outcome
following head injury secondary to motor vehicle
accident. This was also noted in a study done by van
der Naalt et aI, 199913

• However, some study observed
differently whereby there was a strong correlation
existing between age and outcomeI4

.
15

• I<.ishore et aI,
1981 found that the average of 32 patients with normal
CT and intracranial pressure and a good outcome was
22 years, compared to 39.5 years in the patients with
poor prognosis11

•

Although male patients made the majority of the cases
studied that was 67.7% of the 31 patients, this did not
contribute to the significant factors of outcome. A
study performed by Jeret et aI, 1993 also did not
observe any difference in the incidence of abnormal CT
findings between the sexes1

'.

In this study, 67.7% of 31 patients had moderate head
injury and 76% had good outcome. The GCS score was
found to be statistically significance in predicting the
outcome of patients (p= 0.014). However, on certain
type of intracranial haemorrhages, GCS was not
statistically significant predictor. These were noted in
patients who had extradural haemorrhage,
intraventricular haemorrhage and haemorrhagic
contusion. On the other hand, GSC was statistically
significance in patients with intraparenchymal
haemorrhage (p= 0.029), subdural haemorrhage (p
value = 0.036), subarachnoid haemorrhage (p= 0.030)
and gliosis (p= 0.040).

This study indicated that all type of intracranial
haemorrhages without including the site, multiplicity
and volume, were not considered a significant
predictors. However, some of the intracranial
haemorrhages were statistically significant when
assessing the GCS and volume of the lesions as well as
when using the Traumatic Coma Data Bank
classification. The GCS score of patients with
intraparenchymal, subdural and subarachnoid
haemorrhages showed significant p value as predictors
of outcome. Midline shift, as one of the initial CT scan
parameter in this study was also statistically significance
in predicting the outcome.

In assessing the patients with intraparenchymal
haemorrhage, only when combined with GCS, this
parameter was significant. In contrast to other studies,
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volume of the lesions also had a high predictive value
for mortality in patients with intraparenchymal
haemorrhage as noted by Tuhrim et aI, 1988 17 and
Choksey et aI, 1993 18

• However, this was not observed
in the study.

In patients with subdural haemorrhage, the authors
found that there was statistically significant p value
noted in the volume of lesions and GCS group in
correlation with the outcome of the patients. In a study
done by Benedict M. Selladurai et aI, 1992, acute
subdural haemorrhage was proved to be the focal
lesion with the greatest potential for a poor outcomel5

•

Massaro et aI, 1996 also found that subdural
haemorrhage in head injury patients as well as GCS
were the most important prognostic variable1

'.

None of the parameters in nine patients with extradural
haemorrhage (EDH) were significant in predicting the
outcome of the patient with moderate and severe head
injury in this study. In contrast with other study, Cook
et al 1988 noted that there was an accuracy of 88%
usin~ the EDH in predicting the outcome20

• Servadei et
a I, 1997 showed that volume of the lesion was a
significant parameter in terms of prognosis21

•

GCS in patients with subarachnoid haemorrhage (SAH)
had significant predictive value in this study. However,
the rest of the parameters in SAH were not statistically
significant. A study done by Yusukawa et aI, 1988
found that cases with prepontine and / or
interpeduncular subarachnoid haemorrhage had a poor
prognosis as compared to those haemorrhages
confined to the ambient cistern, quadrigerminal cistern
and/or sylvian fissure which has a better prognosis".
Bernedict M. Selladurai et aI, 1992 stated that the
presence of subarachnoid haemorrhage was also
significantly correlated with poor outcome where by
the risk of poor outcome is doubled in the presence of
SAHI5.

In the analysis of haemorrhagic contusion, again the
authors did not find any parameters those were
statistically significant in predicting the outcome. In
contrast, a study by Bernedict M. Selladurai et aI, 1992
showed that the outcome was only slightly better in
patients with single intrinsic haemorrhagic contusion as
compared to those with multiple lesions l5

• Kunishio et
a I, 1992 noted that 66.7% of his subjects with
haemorrhagic contusion had good outcome23

•

In our study, only two patients had intraventricular
haemorrhage that had poor prognosis. Nineteen out of
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29 patients with no intraventricular haemorrhage had
good outcome. However, statistical analysis showed
no significant p value in predicting the outcome. A
study done by Fearnside et aI, 1993 revealed that the
presence of intraventricular haemorrhage was highly
significant predictor in mortality". Young et aI, 1990
found that the volume of intraventricular haemorrhage
was a determinant of prognosis25

• However, the author
did not study the volume since only two patients
presented with intraventricular haemorrhage.

This study showed that midline shift was one of
significant predictor with the p value of 0.035. Patients
with no midline shift had a better prognosis as
compared to those with midline shift. Bernedict M.
Selladurai et aI, 1992 showed that 76% patients with
midline shift of >10mm had poor outcome". Fearnside
et aI, 1993 also noted that mortality increased with
degree of midline shift". Some study revealed
differently that the degree of midline shift did not have
the predictive significance15

•
26

•

As mentioned earlier, the goal of follow-up CT scan of
brain is to detect any new and to monitor existent
lesions. It was believed that the brain injury and its
complication evolve with time. Jannet et al suggested
that 60% already had reached it status of certain by
three months, while 90% had reached that status by six
months27

• Hence the ideal follow-up CT scan should
be done three months after the initial CT scan. In our
study, the follow-up CT scan was done as early as six
weeks post-trauma. There was no direct correlation
between the significant predictors in the first CT scan
and the follow-up CT scan of the brain which tallied
with one other similar publication28

• A few parameters
were assessed such as residual of haemorrhage,
midline shift, brain atrophy, post-traumatic
hydrocephalus and gliosis. However, only post
traumatic hydrocephalus and gliosis were found in all
31 patients.
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Three out of 31 patients were diagnosed to have post
traumatic hydrocephalus whom all of them had poor
prognosis. The statistical analysis showed a significant
p value of 0.022 in predicting the outcome of patients
in this study. Kishore et aI, 1978 showed that 29 out of
100 patients developed ventriculomegaly in the first
year and out of this, 27 patients had developed it in the
first two weeks post-injuri'. Two other studies had
shown the relationship of ventriculomegaly with
cognitive dysfunction29

.
31

•

Another common sequelae in head injury patient was
gliosis. It is defined as an area of low density on CT
due to proliferation of glial tissue that replaces the
myelin resulting in relatively increased water. Focal
area of gliosis with atrophy was found to be related to
poor outcome in developed countries32

.
35

• Atrophy at
the frontotemporal region was especially related to
poor outcome". In this study, the presence of gliosis
was the only significant p value in predicting poor
cognitive outcome especially if the gliosis was located
in the dominant temporal region. The rest of the
regions were not statistically significant.

Conclusion

This study was design to predict the group of patients
that may need cognitive rehabilitation with moderate
and severe head injury patients by using initial and
especially follow-up CT scan of brain parameters.
Physicians in developing countries with lack of
specialized rehabilitation centers must note that the
presence of post-traumatic hydrocephalus as well as
gliosis would increase the possibility of having poor
cognitive function especially when the dominant
temporal lobe is involved. These patients would need
to be referred to a center with rehabilitation facilities as
soon as possible or as early as six weeks.
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