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Background  Clinicians treating patients with head injury often take decisions based 
on their assessment of prognosis. Assessment of prognosis could help communication 
with a patient and the family. One of the most widely used clinical tools for such pre-
diction is the Glasgow coma scale (GCS); however, the tool has a limitation with regard 
to its use in patients who are under sedation, are intubated, or under the influence of 
alcohol or psychoactive drugs. CT scan findings such as status of basal cistern, mid-
line shift, associated traumatic subarachnoid hemorrhage (SAH), and intraventricular 
hemorrhage are useful indicators in predicting outcome and also considered as valid 
options for prognostication of the patients with traumatic brain injury (TBI), especially 
in emergency setting.
Materials and Methods  108 patients of head injury were assessed at admission with 
clinical examination, history, and CT scan of brain. CT findings were classified accord-
ing to type of lesion and midline shift correlated to GCS score at admission. All the 
subjects in this study were managed with an identical treatment protocol. Outcome of 
these patients were assessed on GCS score at discharge.
Results  Among patients with severe GCS, 51% had midline shift. The degree of mid-
line shift in CT head was a statistically significant determinant of outcome (p = 0.023). 
Seventeen out of 48 patients (35.4%) with midline shift had poor outcome as com-
pared with 8 out of 60 patients (13.3%) with no midline shift.
Conclusion  In patients with TBI, the degree of midline shift on CT scan was signifi-
cantly related to the severity of head injury and resulted in poor clinical outcome.
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Introduction
Head injury is a silent epidemic that has paramount short- 
and long-term consequences. To allow proper resource allo-
cation (which is of preeminent importance in developing 
countries), there is a need for such a system that correctly 
predicts the outcome.

Traumatic brain injury (TBI) is a complex injury caused 
by a sudden trauma to the brain or by an object piercing the 

brain tissue in which a broad spectrum of symptoms and 
disabilities can be observed.1 It is one of the major causes 
of death and disability. Predicting an outcome after head 
injury is difficult, and it is therefore rightly described in the 
Hippocratic maxim, “No head injury is too severe to despair 
of, nor too trivial to ignore.”2

Clinicians treating patients often take decisions on the 
basis of their assessment of prognosis. As much as 80% of 
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doctors believe that an assessment of prognosis in a head 
injury patient is important for taking therapeutic deci-
sions such as barbiturates, hyperventilation, or mannitol. 
Assessment of prognosis could help communication with a 
patient and the family.3

One of the most widely used clinical pearls for such pre-
diction is the Glasgow coma scale (GCS).4 However, its major 
shortcoming is the limitation of its use among patients who 
are under sedation, under the influence of alcohol or psy-
choactive drugs, or are intubated.5-9 This hindrance has been 
compensated with the use of the morphological criteria based 
on radiological imaging. MRI studies are limited in terms of 
detecting white matter changes in the late phase.10,11 Hence, 
in the current scenario, scoring models based on CT imag-
ing remains the valid option for prognostication of patients  
with TBI.

CT scan characteristics such as status of basal cis-
tern,9 midline shift,12-14 traumatic subarachnoid hemorrhage 
(tSAH),15-17 and intraventricular hemorrhage18 are useful 
indicators in predicting outcome in TBI.

So, we planned a prospective study to analyze the correla-
tion between degree of midline shift on CT scan of brain and 
GCS score on admission in prediction of possible clinical out-
come in head injury, in order to correlate CT scan finding of 
head injury patient with GCS of the patient and evaluate age, 
site of injury, type of injury and pupillary reaction as contrib-
utory factors in predicting outcome.

Materials and Methods
This study was conducted at our tertiary care center. A total 
of 108 patients with head injury admitted in trauma ward 
and ICU in the stipulated duration of study were enrolled in 
this study.

The duration of study was between January 2019 and 
June 2019. The study was prospective in nature. The follow-
ing criteria were set to include and exclude patients in this 
study.

Eligibility Criteria
Inclusion Criteria: All patients with recent onset traumatic 
head injuries coming to casualty and outpatient

Exclusion Criteria: Patients on anticoagulant therapy or 
having any coagulopathy, Patients with preexisting intracra-
nial lesions.

All patients with recent history of head injury coming to 
outpatient and casualty were enrolled in the study. All patients 
enrolled were evaluated immediately on admission. This was 
followed by clinical history and physical examination. GCS scor-
ing, pupil size and it’s response & signs of base of skull fractures 
were documented. CT head was done as soon as the patient 
was stabilized. The type of brain injury was noted along with 
the presence and amount of midline shift. Subsequently, neu-
rological assessment of patients was done from admission till 
discharge. The interval of neurological assessment for patients 
with GCS score equal to 15 were followed, starting after the ini-
tial assessment in the emergency department: half-hourly for 
2 hours, then 1-hourly for 4 hours, and 2-hourly thereafter. If 

patients with GCS score equal to 15 deteriorated at any time 
after the initial 2-hour period, neurological assessment inter-
val was reverted to half-hourly and original frequency sched-
ule was followed. Operative decisions were taken as per latest 
brain trauma foundation guidelines.19 Patients in whom surgi-
cal intervention was not required were managed conservatively 
with serial neurological assessment as described above, and 
antiepileptics and antiedema measures were given as recom-
mended in the latest brain trauma foundation guidelines.19

The final outcome at discharge was divided into two 
groups on the basis of Glasgow outcome scale (GOS) scores 
as described below:

1.	 Good outcome: Recovery with no or moderate disability.
2.	 Poor outcome: Patients with severe disability, vegetative 

status, or death.

The GCS-hospital discharge (GOS-HD) is a useful prognos-
tic index in patients with TBI, as it predicts long-term out-
come at time of discharge which helps in rehabilitation.

Patients with moderate-to-severe disability were asked 
to follow-up on OPD basis at 1-month interval from dis-
charge and mild disability at 3 months from discharge. The 
total duration of follow-up for each group was approximately 
6 months.

Statistical Analysis
Statistical analysis was performed using the computational 
program statistical analysis system (SAS), for Windows, 
version 8.2. Descriptive analysis was done by constructing 
frequency tables for categorical variables and position and 
dispersion measures for continuous variables. To verify the 
existence of associations or to compare proportions between 
selected variables, χ2, McNemar, or Fisher’s exact tests were 
employed as fitted. To verify the most important factors that 
have influenced patients’ outcome, logistic regression anal-
ysis was employed. The results were considered statistically 
significant when p < 0.05.

Results
The results were derived from pooled data of 108 patients 
with TBI. The study took into account the age, sex, cause of 
head injury, type of brain lesion, midline shift on CT scan of 
brain, pupillary reaction and GCS score as clinical outcome 
predictors in patients with head injury.

Majority of the patients in the study were within the age 
group of 21 to 40 years (51.8%), followed by 41 to 60 years 
(28.7%) but this difference was considered to be not statisti-
cally significant (p > 0.05; ►Table 1).

In our study, road traffic accidents (RTA) was the most 
common cause of head injury (76%), followed by fall (15%) 
and assault (9%). RTA was the most common cause of head 
injury in age groups of 0 to 20 years, 21 to 40 years and 41 to 
60 years, while fall being the most common cause in elderly 
(> 60 years).

Out of these 108 patients in the study, 88 (81%) were male 
and 20 (19%) females. This difference was found not signifi-
cant on statistical analysis (p value = 0.8278; ►Table 2).
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CT scan of brain showed multiple lesions in most patients, 
but for the purpose of classification of head injury in this 
study, the dominant lesion was considered. The present 
study showed no abnormality in 16 patients, while the rest 
had common intracranial hemorrhage like subdural hemor-
rhage (n = 44), extradural hemorrhage (n = 21), intracerebral 
hemorrhage (n = 14), and subarachnoid hemorrhage (SAH)  
(n = 8). Five patients had diffuse axonal injury with no intra-
cranial hemorrhage (►Table 3).

In our study, 60 patients had no midline shift on CT scan of 
brain, while 30 patients had midline shift of less than 5 mm, 
and 18 patients had shift of more than 5 mm (►Table 4). RTA 
had maximum incidence of mass effect in the form of mid-
line shift (53%).

If the type of brain lesion is taken into account with 
respect to mass effect, that is, midline shift, then subdural 
hemorrhage was most commonly associated with midline 

shift with incidence of almost 75% followed by extradural 
hemorrhage (52%). In the present study, CT scan of brain 
showed no midline shift in patients with SAH and diffuse 
axonal injury (►Fig. 1).

GCS score of patients was also associated with an amount 
of midline shift in the present study. Out of 21 patients of 
head injury with mild GCS, six patients (29%) had midline 
shift; out of 18 patients with moderate GCS, seven patients 
(39%) had midline shift; and out of 69 patients with severe 
GCS, 35 patients (51%) had midline shift (►Table 5).

Pupillary reaction was also taken into consideration, 
which showed 27% patients with bilaterally equal reacting 
pupils had midline shift as compared with 100% patients 
with unequal pupils had midline shift, while 40% patients 
with bilaterally nonreacting pupils had midline shift  
(►Table 6).

In our study, 18 out of 108 patients of head injury got 
operated for craniotomy. Out of these 18 patients, 13 patients 
had subdural hematoma, three patients had intraparenchy-
mal bleed/contusion, one patient had extradural hematoma, 
and one patient had diffuse axonal injury with medically 
refractory cerebral edema. Among the operated patients, 
14 patients had anisocoria and four patients had bilaterally 
unequal nonreacting pupillary reaction.

When the midline shift was taken into consideration, 
three patients had midline shift less than 5 mm, while the 
rest had more than 5 mm. The patients with midline shift 
less than 5 mm were decided for surgical management on 
the basis of severe GCS score, anisocoria, and presence of clot 
size more than 30 mL. Postoperative deaths were three out 
of 18 patients.

Table 1   Age-wise distribution

Age, in 
years

Good 
outcome

Poor 
outcome

Total Chi- 
square

p- value

0–20 6 1 7

3.0363 0.44 a

21–40 46 10 56

41–60 22 9 31

> 60 9 5 14

Total 83 25 108
aStatistically, no significant value.

Table 2   Sex distribution

Sex Good 
outcome

Poor 
outcome

Total Chi-square p-Value

Male 68 20 88 0.05 0.8278a

Female 15 5 20

Total 83 25 108
aStatistically, no significant value.

Table 3   CT head findings and outcome

CT head 
finding

Good 
outcome

Poor 
outcome

Total Chi-square p-Value

Normal 16 0 16 15.96 0.025a

SDH 10 2 12

EDH 8 1 9

SAH 7 1 8

ICH 11 3 14

SDH with 
shift

19 13 32

EDH with 
shift

10 2 12

DAI 2 3 5

Total 83 25 108

Abbreviations: CT, computed tomography; SDH, subdural hematoma; 
DAI, diffuse axonal injury; EDH, extradural hematoma; SAH, subarach-
noid hematoma; ICH, intracerebral hematoma.
aStatistically significant value.

Table 4   Midline shift in CT head and outcome

Midline 
shift in CT

Good 
outcome

Poor 
outcome

Total Chi-square p value

No shift 52 8 60 7.505 0.023 a

< 5 mm 20 10 30

≥ 5 mm 11 7 18

Total 83 25 108

Abbreviation: CT, computed tomography.
aStatistically significant value.

Fig. 1  Computed tomography (CT) head finding and midline shift in 
CT. DAI, diffuse axonal injury; EDH, extradural hematoma; ICH, intra-
cerebral hematoma; SAH, subarachnoid hematoma; SDH, subdural 
hematoma.
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Neurological outcome was dichotomized into good and 
poor outcome based on the GOS score.20 In the present study, 
83 patients had good outcome (GOS 4 and 5) after head 
injury according to GOS as compared with 25 patients who 
had poor outcome (GOS 1, 2 and 3; ►Table 7).

There were 83 patients in the good outcome group. Out of 
these 83 patients, midline shift of more than 5 mm in CT head 
was found only in 11 cases (13.25% cases). In the bad outcome 
group of a total of 25 patients, seven patients (28% cases) has 
more than 5 mm midline shift in CT head (►Table 4).

In the present study, low-GCS score at admission was asso-
ciated with poor outcomes (p = 0.003). Among the patients 
with mild GCS (13 to 15) at presentation, 95.2% patients 
had good outcome (GOS 4 and 5), while 4.2% patients had 
poor outcome (GOS 1, 2 and 3), in contrast to patients with 
severe GCS (3 to 8), wherein 66% patient had good outcome 
and 33.4% patients had poor outcome (►Table 8).

In the present study, out of 70 patients with equal react-
ing pupils, only 10 patients (14.3%) had poor outcome, 
while 34.8% of patients with unequal pupils and 46.7% 
patients with nonreacting pupils on both sides had poor out-
come (►Table 9).

Discussion
The study by Kraus 21 has shown that the most common 
group affected by head injuries are the young people between 
20 years and 40 years and the incidence is lowest at extremes 
of age, that is, below 5 years and above 60 years. Similar find-
ings were observed in our present study.

The most common mechanisms leading to TBI are fall 
accidents, RTA, and assault-related incidents as observed 
by Gan et al.22 A study by Chiewvit et al20 has shown that 
the most common cause of head injury in age group of 0 to 
20 years was motor accidents; highest incidence in group 
of 21 to 40 years was assault with a blunt object; and in 

group of 41–60 years, car accident was the most common 
cause while fall was the most common etiology in the 
group of > 60 years. On analysis of mode of head injury, 
we have found that RTA was the most common cause for 
the same.

In the study by Kraus,21 it was shown that the incidence 
is more in males as compared with females and most of the 
studies quote an incidence of 3:2 in favor of males. Ratio of 
male female in our study came out to be 4:1, indicating males 
are affected more than female, and this finding is similar to 
other studies. Age and sex are important predictors of out-
come in head injury. As shown in the study by Gan et al,22  
which concluded that the mortality rate of the elderly group 
was significantly more, as much as more than double than 
that of the younger group. Hence, age can be considered 
an important factor in predicting outcome in the elderly 
with TBI.

In the study by Slewa-Younan et al,23 although identical 
admission criteria was applied to both sexes, the levels of injury 

Table 6   Pupillary reaction and midline shift in CT head

Midline 
shift in CT 
head

Pupillary reaction Total

Equal 
reacting

Unequal Bilaterally 
nonreacting

No shift 51 0 9 60

Shift < 5 mm 19 8 3 30

Shift > 5 mm 0 15 3 18

Total 70 23 15 108

Abbreviation: CT, computed tomography.

Table 7   GOS distribution

GOS score No. of patients

GOS 5 37

GOS 4 46

Total (good outcome) 83

GOS 3 7

GOS 2 10

GOS 1 8

Total (poor outcome) 25

Abbreviation: GIS, Glasgow outcome scale.

Table 8   GCS and outcome

GCS 
severity

Good 
outcome

Poor 
outcome

Total Chi square p value

Mild 20 1 21 11.146 0.003 a

Moderate 17 1 18

Severe 46 23 69

Total 83 25 108

Abbreviation: GCS, Glasgow coma scale.
aStatistically significant value.

Table 9   Pupillary reaction and outcome

Good 
outcome

Poor 
outcome

Total Chi-square p value

Equal 
reacting

60 10 70 9.504 0.008 a

Unequal 15 8 23

Bilateral 
non 
reacting

8 7 15

Total 83 25 108
aStatistically significant value.

Table 5   Midline shift in CT head and GCS

Midline shift 
in CT head

GCS

Mild Moderate Severe Total

No shift 15 11 34 60

Shift < 5 mm 5 5 20 30

Shift > 5 mm 1 2 15 18

Total 21 18 69 108

Abbreviations: CT, computed tomography; GCS, Glasgow coma scale.



214 Outcome Prediction in Patients of Traumatic Brain Injury  Palekar et al.

Indian Journal of Neurosurgery  Vol. 10  No. 3/2021  © 2021. Neurological Surgeons’ Society of India.

severity in males were greater than females. Other authors 
state that the association was apparent only after the age of 
40 years3,24 and especially above 60 years.25 There is no associ-
ation between outcome in patients with head injury and age 
lower than 40 years.3,26 A plausible explanation for this may 
be comorbidities due to old age other than intracranial injury, 
senile changes in brain like increased plasticity and cortical 
atrophy, or differences in clinical management in the elderly 
group.3 Surprisingly, Fabbri et al26 in their analysis did not find 
age to be associated with outcome in patients with head injury, 
in contrast with a few reports. Similarly, in the present study, 
age and sex were no significant predictors of outcome (p > 0.05).

Strong evidence was found for the midline shift,14,27-29 and 
increasing size of the shift was associated with poorer out-
come.30 Jacobs et al,31 in their study of 605 patients with 
moderate-to-severe head injuries concluded that midline 
shift is a significant predictor of outcome. They did not find 
any cutoff mark in midline shift; rather it was a continuous 
variable. They also concluded that type of lesion was also 
significant in predicting outcome. The prognosis in patients 
with similar midline shift after intracranial injuries was bet-
ter for patients with an extradural hematoma, as compared 
with those with acute subdural hematoma.12,27,32

The present study concluded that the degree of mid-
line shift in patients’ brain injury was a statistically signifi-
cant determinant of outcome (p = 0.023). Seventeen out of 
48 patients (35.4%) with midline shift had poor outcome as 
compared with eight out of 60 patients (13.3%) with no mid-
line shift.

Gennarelli et al33 and Lobato et al34 in their study con-
cluded that the type of intracranial lesion is an import-
ant factor in predicting outcome, as the severity of injury 
is assessed by GCS scores. In the present study, the type of 
injury was significantly associated with outcome of patients 
with head injury (p = 0.025). Diffuse axonal injury had the 
worst results with 60% patients having poor outcome while 
extradural hematoma patients had better results with 11% 
patients having poor outcome. Also, patients of subdural 
hematoma with midline shift had poorer outcome (41.6%) 
than patients having extradural hematoma with midline 
shift (16.7%).

According to the literature, there is strong evidence for the 
prognostic value of the GCS score on admission to hospital and 
the GCS motor score.25,28,35,36 Lower admission GCS and lower GCS 
motor scores were associated with worse outcomes.26,35,36 The 
GCS showed a clear linear relation with mortality.3

There exists a relation between absence of or 
abnormal pupillary reactions and worse outcomes in 
TBI.28,36 Pupil abnormalities were noted more frequently in 
patients with mass lesions, compressed cisterns, and shift, 
and more in patients with CT class III/IV than in patients with  
CT class I/II.37

Conclusion
The increasing degree of midline shift on CT scan of brain in 
patients with mass lesions after TBI was significantly related 
to the severity of head injury (GCS = 3–12) and eventually 

resulted in poor clinical outcome. The maximum number 
of patients on presentation were found to have severe head 
injury (GCS < 8). Prognosis of patients worsens with decreas-
ing GCS score. The type of head injury also plays a significant 
role in outcome prediction. By correlating CT scan finding 
with GCS score, we can predict the severity of head injury 
and a possible outcome of patient more accurately than con-
sidering both parameters as separate entities.
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