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Abstract 
Objective: This cross-sectional, observational study was undertaken to find out the association 

between Glasgow coma scale (GCS) with computed tomography (CT) findings in patients with head 

trauma (HT). 

Materials and Methods: In total, 100 participants were enrolled randomly during the period of 

December 2016 to December 2017. Patients having a history of HT who were advised for brain CT 

scan were included in the study. In each patient, GCS scoring was noted and, brain CT scans were 

performed without any medium of contrast. 
Results: Mean age of patients was 34.39± 18.31 years. Male: female ratio was 2.6:1. Adults’ age group 
was more commonly involved, with 62% of cases seen in 18-45 years of age group. The most prevalent 
cause of HT was a road traffic accident in 64% cases, followed by physical assaults in 20% and falls 
from height in16%. According to GCS, the distribution of patients was estimated to be 44% with mild 
HT (GCS 13-15), 46% with moderate HT (GCS 9-12) and 10% with severe HT (GCS 3-8). GCS 
scoring and CT findings (extra-axial hematoma, subarachnoid haemorrhage, fracture of skull bones, 
contusion, hemosinus, midline shift and pattern of three or more findings) were significantly 
associated. There was a significant difference in the average GCS of events with a single lesion 
(M=13.62, SD=0.49) and multiple lesions (M=10.48, SD=1.88); P<0.0001. In addition, the average 
GCS of the events with multiple lesions and multiple lesions events together with midline shift 
(7.85±1.61) was also statistically significant (P<0.0001). 
Conclusion: There was a significant association between GCS and CT findings in HT cases. The 
existence of multiple lesions with midline shift in CT scan findings was accompanied with low GCS 
score, whereas, patients with single lesion had a greater level of GCS. 
 
Keywords: Computed tomography scan findings, Glasgow coma scale, head trauma  
 
Introduction 
Head trauma (HT) is also termed as “Traumatic brain injury”, described by an assault to the 

brain produced by an outward physical force that may lead to a situation of modified 

consciousness. HT is the most dominant causes of death as well as physical and 

psychological disabilities worldwide. According to data provided in existing literature, male-

to-female ratio for HT is nearly 2:1 and, it is much more common in persons younger than 35 

years. HT continues to be a tremendous public health concern, even with advanced medicine 

in the 21st century. In the Indian scenario, the annual incidence of HT has been estimated to 

be approximately 1.5 to 2 million people suffer injuries [1] and, millions of people die. While 

various mechanisms may cause HT, the most common causes include accidents, assaults and 

fall from height. Moreover, alcohol indulgence at the time of injury is also known to occur 

among 15%-20% cases of head injuries. Today, many developing countries including, India 

face the severe challenges of prevention, pre-hospital care and rehabilitation in their swiftly 

altering environments, to reduce the burden of HT [2]. 

 In addition to a detailed history and extensive clinical evaluation, in such cases, the Glasgow 

Coma Scale (GCS) and Computer Tomography (CT) are the cornerstones of the diagnostic 

workup. In particular, it is vital to ascertain the root of the trauma, the extent of the effects, 

and presence of neurological manifestations, convulsion, time duration among the accident 

and the assessment, vomits [3] and especially, report all information on loss of consciousness 
[4].
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Clinically, the management of HT is based on the GCS 
which was firstly published by Graham Teasdale and 
Bryan Jennett in 1974. GCS can provide a complete frame 
for evaluating the three clinical aspects of responsiveness 
including, eye-opening, motor, and verbal responses leading 
proper neurological disability stratification and HT severity. 
Accordingly, based on the GCS, the severity of HI is 
classified into mild (3 to 8), moderate (9 to 12), and severe 
(13 to 15).  
Apart from the clinical management in HT patients, 
the intracraneous lesions in HT patients can be identified 
even before clinical symptoms can occur with the help of 
imaging methods which remains the preferred choice in the 
primary investigation where this service is accessible. 
Related to this context, previous studies showed that timely 
identification of neurological lesions by such modalities is 
beneficial to obtain the proper therapeutic outcome and also 
preventing undesirable interventional therapies [5]. With this 
regard, eight hours is the optimal time point for performing 
CT, especially in the elderly and in the cases where the 
shreds of evidence of skull fracture, seizure episode, 
retrograde amnesia, or hazardous mechanical trauma.  
CT scanning is the gold standard diagnosis in detecting 
brain lesions in HT patients, especially, in the early stages, 
though its use is restricted due to unavailability in settings 
and contraindicated in almost conditions. Moreover, in some 
incidence of HT, pre CT scan and post-scan after the 
intervention is mandatory to assess the development of 
lesions and, application of inappropriate clinical options or 
other intervention can result in unnecessary follow-up CT 
scans. Although CT scan performed routinely in almost 
cases of HT, there is still a dilemma exists as which group 
of patients should be subjected to CT to avoid unnecessary 
exposure to radiation in low-risk cases. Due to this issue, 
there is a rise in the events of unnecessary time wasted on 
follow-up diagnostics and treatments and, expenditure 
behind the use of facilities and manpower, which is 
pointless. And cost-effectiveness is also one of the dominant 
concerns as the patient’s point of view because the cost of 
one CT scan in India is almost 800 RS/-. 
 Keeping these pros and cons in mind, we carried out this 
research aimed to evaluate the association of computed 
tomography (CT) findings and Glasgow coma scale (GCS) 
with the rationale to introduce GCS scale as an admittable 
CT scan substitute for HT management. 
 
2. Materials and Methods  
2.1 Settings of the Study  
It is a cross-sectional observational study carried out on HT 
cases admitted in emergency (Casualty) department of 
institute. Protocol approval number (IRB (HEC) 647/2016) 
was obtained after the endorsement of the study protocol by 
the Institutional Ethics Committee (IEC) and written 
informed consent was obtained from the participant or 
legally acceptable representative (LAR), wherever 

applicable. In the case of the illiterate participant, the 
impartial witness was used. The study was carried out in 
accordance with the declaration of Helsinki. In total, 100 
participants were enrolled randomly over a period of one 
year (December 2016 to December 2017).  
 
2.2 Participants of the study 
Every patient with a HT history by any means referred from 
the emergency and meeting the inclusion criteria of the 
study were considered as study cases. The GCS was noted 
on arrival by the physician at the emergency ward in all the 
patients. The patient’s demographic features such as age, 
gender, risk factors like mode of injury and, clinical data 
including, GSC score and CT findings (tomographic 
patterns and presence of single or multiple lesions) were 
also noted. Patient’s neurological assessment was done by a 
trained neurologist. 
 
2.3 Inclusion criteria 
Patients having a history of HT who were advised for brain 
CT scan and have been provided their consent were 
included in the study regardless of any gender bias.  
 
2.4 Exclusion criteria 
The following exclusion criteria included in the study:  
1. Patients who sustained a HT and did not have CT scans.  
2. Postoperative CT scans were excluded.  
3. Patients who had other neurosurgical diseases like 

intracranial tumour & sustained head injury secondary to 
the disease.  

 
After initial in-depth clinical evaluation, HT severity was 
graded as follows with the help of GCS scoring [6]: Mild-13 
to15, Moderate-9 to12, Severe-3 to 8.  
 
2.5 CT scan procedure 
Each involved study patient was subjected to cranial CT 
without intravenous contrast agent administration. Cranial 
CT scans were performed in dorsal decubitus, using a single 
slice, helical GE CT system using 130 kVp and 80 mAs. 
Parallel to the infraorbitomeatal axis, axial sections were 
done with 5 mm-thick slices in the region of the posterior 
fossa and 10 mm in the other regions of the skull. Every 
cranial CT figure were examined by a radiologist, expertise 
in trauma, mainly in soft tissue windows (200 W and 40 C 
for the skull base and 80 W and 35 C for the brain) as well 
as the bone structures (1500 W and 450 C). 
 
2.6 Tomographic patterns  
Here mentioned verdicts were used as tomographic 
patterns: Extra axial hematoma (Epidural haemorrhage and 
subdural haemorrhage), subarachnoid haemorrhage, fracture 
of skull bones, contusion, hemosinus, pneumocranium, 
midline shift, diffuse axonal injury, cerebral edema and 
pattern of three or more features [Fig 1]. 
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Fig 1: Tomographic patterns showing following features: (a) Extra-axial hematoma (EDH: Epidural haemorrhage) (b) Comminuted 

fractures (CF) (c) Diffuse axonal injury (DAI) (d) Cerebral edema (CE) and midline shift (MS) (e) Contusion(CT) (f) Subarachnoid 

haemorrhage (SAH) (g) Pneumocranium (h) Hemosinus 
 

2.7 Statistical analysis  
For statistical analysis, mean ±standard deviation was 

determined to represent continuous variables and frequency 

(percentage) was used to describe categorical variables. The 

association between CT scan findings and GCS scale was 

evaluated using the Fisher exact test. Independent sample t-

test was used to study the number of lesions and the 

presence of midline shift with mean GCS. P-value <0.05 

was regarded as significant. Data were analyzed using IBM 

Corp. Released in 2011. IBM SPSS Statistics for Windows, 

Version 21.0. (Armonk, NY: IBM Corp). 
 

3. Results  

This study was conducted in the Department of radiology 

with association from department of emergency medicine of 

our institute for one year. In total, 100 patients with a 

history of HT were included. HT was found to be very 

common in males comprising of 72% cases and 28% 

females deriving male: female ratio of 2.6:1 [Graph 1]. 
Mean age of study participants was found to be 34.39±18.31 

years. The age-wise distribution of the cases is displayed in 

Graph 2.  
 

 
 

Graph 1: Graphical representations for gender wise distributions 

of cases 

 
 

Graph 2: Graphical representations for age wise distribution of the 

cases 

 

Adults group was relatively more affected in this study, with 

almost 62% cases in 18-45 years age group, followed by 

14% in paediatric (<18 years) and 24% in geriatric (45 to 

>60 years) age group. In all age groups above 45 years of 

age, there was a decrease in the number of cases with 

increasing age. In the present study, the most usual type of 

injury was a road traffic accident in 64% cases, followed by 

physical assaults in 20% and falls from height in16%. As 

part of routine clinical management, GCS was estimated for 

all the study participants. According to GCS, 44% of cases 

were mild HT, 46% were moderate HT and 10% cases were 

severe HT. Among the studied patients, 61% had altered CT 

scan report and remaining, 39% of CT scans did not reveal 

any abnormality. Frequency of tomographic patterns 
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observed in CT findings was listed in Table 1. Association 

between the GCS scoring and CT findings (extra-axial 

hematoma, subarachnoid haemorrhage, fracture of skull 

bones, contusion, hemosinus, midline shift and pattern of 

three or more findings) was detected as a statistically 

significant. 

 
Table 1: Statistical correlation between GCE and CT findings 

 

 

Extra axial 

hematoma 

(EDH/SDH) 

Subarachnoid 

haemorrhage 

Fracture 

of skull 

bones 

Contusion Hemosinus Pneumocranium 
Midline 

shift 

Diffuse 

axonal 

injury 

Cerebral 

edema 

Pattern of 

three or 

more 

findings 

Mild HT 1 0 5 1 1 0 0 0 0 0 

Moderate 

HT 
21 16 43 16 7 4 4 0 1 20 

Severe 

HT 
10 8 10 10 3 1 10 1 1 10 

Total 32 24 58 27 11 5 14 1 2 30 

 P<0.001 P<0.001 P<0.001 P<0.001 P=0.013 P=0.096 P<0.001 P=0.100 P=0.191 P<0.001 

¥ HT, Head trauma; EDH, Epidural haemorrhage; SDH, Subdural haemorrhage. Bold indicate significant value. P<0.05 was considered as 

significant. 

 

An independent t-test was run to compare the average GCS 

between the events with single and multiple lesions. The 

group of single and multiple lesions comprised of 39 and 61 

randomly allocated participants, respectively. The average 

GCS for single lesion cases was 13.62± 0.49 and 

10.48±1.88 for multiple lesions. Their average GCS was 

statistically significant (P<0.0001). The average GCS of the 

events with multiple lesions and multiple lesions together 

with midline shift (7.85±1.61) was statistically significant, 

too. (P-value <0.0001) [Table 2]. 

 
Table 2: Grading of type of lesions based on GCS 

 

CT Findings No Mean GCS ±SD P-value 

Single lesions 39 13.62± 0.49 <0.0001* 

Multiple lesion 61 10.48±1.88 <0.0001* 

Multiple lesion +Midline Shift 13 7.85±1.61 <0.0001* 

¥ *Highly significant at 95% CI 

 

When researching the form of the lesion within the GCS 

scale association, it was confirmed that 

a) Multiple lesions have a GCS level lower than the single 

lesion. 

b) Multiple lesions together with midline shift have a 

lower GCS score compared to single lesion and 

multiple lesions. 

 

4. Discussion 
To date, the occurrence of HT is rising in developing 

countries due to traffic increases, additionally; other factors 

such as, industrialization, ballistic trauma and falls also 

blamed for its root cause. In India, the incidence of 

mortality, morbidity, and disability in cases of HT due to 

road traffic means are a real threat to the country. The 

higher figures are mostly seen in young adults. Immediate 

and accurate detection of craniocerebral lesions in severe 

HT is of paramount importance due to associated high 

mortality from those lesions and, the reality is that timely 

diagnosis and treatment will remarkably alleviate the 

untoward effect dramatically. Presently a CT scan is the 

chief modality for investigation of cases with severe HT. 

The patients' initial GCS is an essential factor in deciding 

about preliminary treatment and concerns over the long 

term. According to Scottish Intercollegiate Guideline 

Network (SIGN) 2000, GCS was determined as a predictive 

factor for HT following statistical analysis [7]. Published 

reports are in favor of a correlation between mortality and 

severity of injury as per the GCS score [8, 9]. Importantly, the 

GCS score is a reliable indicator of outcome in other 

documented studies by Selladurai et al. [10] which revealed 

that 95% of patients with 4 or less score are expected to 

have poor outcomes relative to those with a score of 8 or 

more. 

In the present study, male predominance (72%) was higher 

compared to the female. This finding was in coherence with 

Morgado et al. [11] (80.4%), Farshchian et al. [12] (89.12%) 

and Vignesh et al. [13] (83.99%). Men are more likely to be 

exposed to outside work and violence activities than 

women. Generally speaking, men are more accessible to 

automobiles such as two-wheelers and, are more exposed to 

accident threat than women. Also, the indulgence of alcohol 

before driving is also a major causation for the same. 

Maximum patients (62%) were from the age group of 18-45 

years of age, followed by paediatric and geriatric age group 

and mean age was found to be 34.39± 18.31 years. These 

verdicts were more or less similar to the findings reported 

by Morgado et al. [11] (mean age: 37.77 ± 18.69 

years), Farshchian et al. [12] (mean age: 25 ± 5 years.) 

and Sah et al. [14] (mean age: 35.6± 21.516 years). This 

emphasizes that HT was most common in the productive 

age group, as this group people are more involved in 

outdoor activities making them more prone to HT. In our 

study, a road traffic accident was the most common (64%) 

cause of the HT followed by assault (20%) and a history of 

fall (16%). These findings are in favour of existing data 

reported in the literature [11-14]. This point toward an unsafe 

driving practice followed in our country along with alcohol 

indulgence while driving is a serious safety concern. 

Condition of roads, especially in the rainy season is equally 

responsible for the increased incidence of road traffic 

accidents leading to HT. As per the GCS, the distribution of 

participants in our study was nearly similar to the previously 

reported study [11-14]. This finding comes with a positive 

remark that not all HT are necessarily severe. But the 

complete evaluation of the patient after HT is a critical part 

of treatment. In the present study, 61% had altered CT scan 

report and remaining, 39% of CT scans did not reveal any 

abnormality. Farshchian et al. [12] found 79.86% positive CT 

scans; Jain et al. [15] found 83% positive CT scans. In 

summary, this fair amount of positive CT scans in patients 

with HT suggests the sensitivity of CT scan in finding lesions.  

 

http://www.radiologypaper.com/


International Journal of Radiology and Diagnostic Imaging http://www.radiologypaper.com 

~ 5 ~ 

These positive findings in the present study included 

fractures of skull bones being the most common (58%) 

followed by Epi/subdural haemorrhage (32%) and contusion 

(27%) while only 1% patient with diffuse axonal injury. 

These are in agreement with the outcomes of a study by 

Vignesh et al. [13] where they found that 39% fracture, 25% 

contusion and 5% of patients had multiple injuries. Studies 

by Farshchian et al. [12] had evidence of subgaleal 

haemorrhage.  

Association between the severity of brain lesion measured 

by the level of consciousness on the GCS scoring system 

and the existence of lesions in brain CT scan is now viewed 

as a unique topic in patients with HT to reduce needless CT 

follow-up. This matter can be meaningful in infants 

and also in those with complete or partial CT scanning 

contraindications. Our research tried to establish the 

association between CT results and GCS scoring system to 

screen probability of foretelling brain lesions by evaluating 

the GCS score at the time of admission.  

In literature, a few studies evaluated the association between 

GCS score and CT scan, which is one of the reasons to carry 

out this study to collect more evidence in this regards. 

Secondly, its influence in the Indian population is also 

another focusing point. Lee et al. [16] hypothesized that there 

was a positive correlation between GCS and CT scan 

findings and, the practice of follow-up CT scans was 

indicated only in patients with clinical worsening not 

described by changes in intracranial pressure. In agreement 

with Farshchian et al. [12], only three type lesions including, 

extra‑ axial hematoma, subarachnoid haemorrhage, and 

hemorrhagic contusion might be correlated with lower GCS 

scale. Joseph et al. [17] proposed that a mild GCS score (GCS 

13–15) for patients with an intracranial damage does not 

prevent progression on repeat head CT and the necessity for 

neurosurgical treatment. According to Melo et al. [18], mild 

brain injury dependent on GCS scale may be remarkably co-

related with CT scan anomalies, involving neurosurgical 

process and admission to the intensive care unit. In our 

study, the majority of CT findings were associated with 

GCS scale except for pneumocranium, diffuse axonal injury 

and cerebral oedema. Apart from this, low GCS scores have 

been regarded as a risk factor for severity correlated with an 

array of tomographic findings. In fact, patients having low 

GCS scores are impacted by cerebral injuries with more 

catastrophic effects and present with a tendency for 

hemodynamic instability as seen in documented studies [19-21]. 

Patients with multiple lesion together with midline shift had 

low GCS score, compared to the patients with a single 

lesion or multiple lesions. GCS score of 12 to 14 was related 

with mild head injury. Notably, patients having moderate 

head injury had 8 to 11 and severe head injury patients less 

than 7.  

There are some limitations to this study. First, it was a 

single centre study. Multi-centric studies in similar context 

would shade more light on the research topic. Second, due 

to data collected from one institute, the population is 

relatively homogenous. So, results can’t be extrapolated to 

the general population. Last but not least, no follow-up or 

data collection related to patient management. Further 

studies with inclusion of follow up and patient management 

would be added more value to the evidence. 

 

5. Conclusion  
We concluded that severe HT lowers the value of GSC. In 

summary, the presence of multiple lesions together with 

midline shift in CT scan was significantly associated with 

lesser GCS. Our findings suggested a significant correlation 

between GCS and CT findings in case of HT. As concluded, 

more severe HT, lesser the GCS score. Thorough clinical 

evaluation and selective ordering of the CT scan based on 

GCS score would lessen the exposure to radiation among 

pediatric patients and, CT contraindicated patients 

furthermore pressure on resource-limited settings. However, 

studies with a larger sample size would be recommended in 

drawing conclusive statements. 
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