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ABSTRACT 
 

Background 

Traumatic brain injuries are becoming very common and the severity also varies 

significantly. An good investigating tool like CT brain with proper prediction scores can be 

of great help in planning the treatment and also in prognosticate the outcome. 

Aim and Objectives 

The purpose of this study was to determine the utility of Rotterdam score in predicting the 

outcomes of treatment for traumatic brain injuries. 

Method 

The study was carried out in Shri Balaji Institute of Neurosciences and Trauma, Hubli, 

Karnataka from March 2020 to February 2022. Age, gender, Glasgow Coma Scale (GCS), 

initial and follow-up Glasgow Coma outcome scores, Rotterdam scale scores, length of stay, 

presence of secondary traumas, requirement for surgery, and final outcome were all 

considered when evaluating the patients. 

Results 

Most of the patients belonged to 21-30 years (45.1%), males (85.9%), were due to fall from 

Bike (46.5%). Conservative treatment was done for 63.4% and surgical treatment was done 

for 36.6% patients. Modified Glasgow outcome scale increased significantly from admission 

to follow-up. The relation between the Rotterdam score on admission and the Glasgow 

Outcome Scale was also significant (p-value < 0.05) with higher Glasgow Outcome Scale 

score among those with Rotterdam score 5 and 6. 

Conclusion 
We demonstrated the value of the Rotterdam CT score as a prognostic classification tool in 

emergency situations where limited information from the neurological examination is 

available. Patients with a higher risk of mortality and the need for surgery can be anticipated 

with the proper use of GCS and CCT imaging. 

Keywords: GCS, Rotterdam CT score, Traumatic Brain Injuries. 
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INTRODUCTION 
Brain damage caused by an external mechanical impact that results in reduced brain function 

is referred to as traumatic brain injury (often abbreviated as TBI).[1] It is a serious problem 

that affects individuals all over the world and is responsible for seventy percent of deaths that 

occur in trauma patients.[2] Nearly two hundred instances are documented for every one 

hundred thousand people each year. TBI is a major cause of morbidity and mortality in young 

people,[3] and it is significantly more common in males than it is in women. 

Head Injury is the leading cause of disability in people under 40, severely disabling 

150‑200 people per million annually. In 2005, road traffic injuries resulted in the death of an 

estimated 110,000 persons, 2.5 million hospitalizations, 8‑9 million minor injuries and 

economic losses to the tune of 3% of the gross domestic product (GDP) in India. 

The accident rate of 35 per 1000 vehicles in India is also amongst the highest in the 

world.[1] Road traffic accidents are followed by falls, gunshot injuries, and assaults. The 

Glasgow Coma Scale (GCS), a grading system that is extensively used to determine a 

patient's degree of consciousness following a TBI, categorizes damage levels as mild, 

moderate, or severe.[4] However, the inter-rater reliability of the GCS is low because to the 

subjective differences, particularly when the verbal answer cannot be examined (for example, 

in persons undergoing tracheal intubation).[5] This is especially true when the GCS is used in 

situations when the verbal response cannot be analyzed. Because it does not offer an accurate 

picture of the patient's functional level, the GCS cannot be used to make predictions about the 

patient's prognosis.[6] 

Primary and secondary traumatic brain injuries are the two categories of TBI. Primary 

injuries are those that develop shortly after the original trauma. These injuries can include 

cerebral hemorrhages and skull fractures, both of which have the potential to cause damage to 

the brain or infection. Primary injuries can either be widespread or concentrated in one 

area.[7] A secondary injury is one that occurs gradually over the course of many days or even 

weeks and is the result of subsequent abnormalities in the microenvironment and the 

processes of cells. It is important to make a fast diagnosis and treatment of the underlying 

injury in order to reduce the risk of subsequent harm. 

CT scanning is the imaging modality that is considered to be the gold standard for 

assessing and diagnosing individuals who have traumatic brain injury (TBI). CT scanning 

helps in both the diagnosis and management of suspected intracranial lesions that require 

neurosurgical procedures.[8] By analyzing the existence of midline shifts, mass lesions, and 

basal cisterns, the Marshall scale was the first CT-based method developed in 1991 with the 

purpose of determining the prognosis of patients who had had traumatic brain injuries.[8] 

Maas et al. established the Rotterdam CT score for traumatic brain injury outcome 

prediction[9] and its widespread usage for patient assessment in acute settings. The Rotterdam 

score is essentially determined by the shape of the basal cisterns, if there is a midline shift, 

whether there is an epidural mass lesion, and whether there is intraventricular blood or 

traumatic subarachnoid hemorrhage. The patient is awarded 1 or 2 points depending on 

whether their basal cisterns are squeezed or completely gone in the CT scan. The scale is 

increased by 1 point for a midline shift of greater than 5 mm, the lack of an epidural mass 

lesion, the presence of intraventricular blood, or severe subarachnoid hemorrhage.[9] The 

Rotterdam CT score for the patients might range from 0 to 6, with higher scores indicating a 

higher mortality risk.[10] 

The purpose of this study was to determine the utility of Rotterdam score in predicting 

the outcomes of treatment for traumatic brain injuries. 
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MATERIALS AND METHOD 

The study was carried out in Shri Balaji Institute of Neurosciences and Trauma, Hubli, 

Karnataka from March 2020 to February 2022. Age, gender, Glasgow Coma Scale (GCS), 

initial and follow-up Glasgow Coma outcome scores, Rotterdam scale scores, length of stay, 

presence of secondary traumas, requirement for surgery, and final outcome were all 

considered when evaluating the patients. 

The study included subjects aged 20-70 years of age with traumatic brain injuries. 

Incomplete medical records, an inability to obtain a brain CT scan, the presence of other 

brain lesions (such as a brain tumor or congenital lesions), and death from a cause other than 

a TBI were the criteria for excluding participants.  

The Rotterdam scale, which assesses basal cisterns, midline displacement, occupying 

lesions in the epidural space, and the presence of intraventricular hemorrhage or 

subarachnoid hemorrhage in CT scans, is used to predict death in head trauma cases.[11] 

 

Statistical Analysis 

The data was statistically examined using SPSS version 25.0. While qualitative (categorical 

variables) data was presented as frequency and percentage, quantitative (numerical variables) 

data was presented as mean and standard deviation. The chi-square test was used to examine 

the frequency differences between the two groups, and the student t-test was used to compare 

the means of the two groups. It was statistically significant if p0.05. 

 

 

RESULTS 

 

  
Frequency Percent 

Age groups 

21-30 years 32 45.1% 

31-40 years 17 23.9% 

41-50 years 10 14.1% 

Gender 
Male 61 85.9% 

Female 10 14.1% 

Cause of injury 

Fall from Bike 33 46.5% 

Assault 4 5.6% 

Car Roll-over 7 9.9% 

Bike collision 20 28.2% 

Fall 7 9.9% 

Surgery 
Conservative treatment 45 63.4% 

Surgical treatment 26 36.6% 

Table 1 showing basic demographic data of study population 

 

Most of the patients belonged to 21-30 years (45.1%), males (85.9%), were due to fall from 

Bike (46.5%). Conservative treatment was done for 63.4% and surgical treatment was done 

for 36.6% patients. 

 

Modified Glasgow outcome 

Scale 

At Admission At Follow-Up 

Frequency Percent Frequency Percent 

Death (1) 7 9.9% 7 9.9% 

Severe disability (3) 10 14.1% 5 7.0% 

Moderate disability (4) 23 32.4% 13 18.3% 

Good recovery (5) 24 33.8% 39 54.9% 
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DAMA 7 9.9% 7 9.9% 

p-value 0.001* 

Table 2 showing the association of Modified Glasgow outcome scale from admission to at 

follow-up 

Modified Glasgow outcome scale increased significantly from admission to follow-up. 

 

 

Modified Glasgow outcome scale 
Modified Glasgow outcome scale 

at follow-up 
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Rotterdam 

score 

1 
0 0 3 9 0 0 0 12 

0.0% 0.0% 13.6% 37.5% 0.0% 0.0% 0.0% 30.8% 

2 
0 3 7 12 0 1 3 18 

0.0% 30.0% 31.8% 50.0% 0.0% 20.0% 25.0% 46.2% 

3 
0 6 10 3 0 3 7 9 

0.0% 60.0% 45.5% 12.5% 0.0% 60.0% 58.3% 23.1% 

4 
0 1 1 0 0 1 1 0 

0.0% 10.0% 4.5% 0.0% 0.0% 20.0% 8.3% 0.0% 

5 
3 0 1 0 3 0 1 0 

42.9% 0.0% 4.5% 0.0% 42.9% 0.0% 8.3% 0.0% 

6 
4 0 0 0 4 0 0 0 

57.1% 0.0% 0.0% 0.0% 57.1% 0.0% 0.0% 0.0% 

Total 
7 10 22 24 7 5 12 39 

100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

p-value <0.001* <0.001* 

Table 3 showing the association of Rotterdam score withModified Glasgow outcome scale 

at admission and follow-up 

 

The relation between the Rotterdam score on admission and the Glasgow Outcome Scale was 

also significant (p-value < 0.05) with higher Glasgow Outcome Scale score among those with 

Rotterdam score 5 and 6. 

 

Rotterdam Score 
GCS 

Total 
Mild Moderate Severe 

1 
12 0 0 12 

35.3% 0.0% 0.0% 19.0% 

2 
12 8 2 22 

35.3% 50.0% 15.4% 34.9% 

3 
8 7 4 19 

23.5% 43.8% 30.8% 30.2% 

4 
1 1 0 2 

2.9% 6.3% 0.0% 3.2% 

5 
1 0 3 4 

2.9% 0.0% 23.1% 6.3% 

6 0 0 4 4 
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0.0% 0.0% 30.8% 6.3% 

p-value < 0.001* 

Table 4 showing association of GCS score with Rotterdam score 

 

The relation between the Rotterdam score on admission and GCS was also significant (p-

value < 0.05) with higher GCS score among those with Rotterdam score 5 and 6. 

 

 

DISCUSSION 
In current study, most of the patients belonged to 21-30 years (45.1%), males (85.9%), were 

due to fall from Bike (46.5%). Conservative treatment was done for 63.4% and surgical 

treatment was done for 36.6% patients. This was similar to the study by Javeed et al.,[11] 

patients with traumatic brain injuries were most likely to be young males between the ages of 

30-40 years. It is also consistent with previously published research[12-14] that found young 

males to be the demographic most likely to sustain a brain injury. In our study, more than 

two-thirds of TBIs were due to road traffic accident injuries, which mirrors results from other 

studies.[12,13,15] 

In our research, the relation between the Rotterdam score on admission and the 

Glasgow Outcome Scale was also significant (p-value < 0.05) with higher Glasgow Outcome 

Scale score among those with Rotterdam score 5 and 6. 

Talari et al.[16] showed that the highest sensitivity of Rotterdam score in determining 

TBI outcome was at score 1, whereas the highest specificity was at score 5. Moreover, the 

greatest negative predictive value was related to score 1 (100%) and the greatest positive 

predictive value was related to score 5 (100%). Youden’ index also indicated that the best 

Rotterdam cut-off score was 3, at which both sensitivity and specificity were high.  

The researchers Maas et al.[17] conducted a study to investigate the association of CT 

results with six-month patient outcomes. They discovered that CT-based categorization was 

strongly connected with the outcomes of patients who had suffered from traumatic brain 

injury (TBI). Those who were diagnosed with class III (brain edema) and class IV had the 

worse prognoses (midline shift). In conclusion, they came to the realization that the 

independent CT results as well as the combined CT findings are important predictors of 

outcomes in patients who had TBI. 

The findings of research carried out by Mata-Mbemba and colleagues.[18] on 245 

patients who had suffered from mild to severe TBIs, demonstrated that the predictive power 

of the MCS and the RSS were almost identical. Several studies have also indicated that there 

is a substantial correlation between the RSS scores and mortality and other unfavorable 

outcomes among people who have TBI.[19,20]Washington et al.[21] carried out a retrospective 

research on 1,101 patients who had TBI and discovered that there was only a minor 

correlation between mortality and Rotterdam score. 

However, a study on adults reported that the sensitivity and the specificity of the 

Rotterdam system at score ≥ 4 was 84.2% and 96.2%, respectively. Additionally, mortality 

rate was 84.2% at scores ≥ 4 and 3.8% at scores <4. That study also found a significant 

relationship between Rotterdam score and mortality rate.[22] Another study involving patients 

who had undergone decompressive craniotomy also demonstrated that the sensitivity and 

specificity of the Rotterdam system at score 4.5 were 62.5% and 75%, respectively, with a 

significant correlation between the Rotterdam score and the death rate.[23] 

Huang et al.[12] found that for head-injured patients undergoing decompression surgery, 

the Rotterdam CT score provides great prognostic discrimination and is an independent 

predictor of unfavorable outcomes. Talari et al.[24] showed that the patients with the need for 

surgery had higher mortality compared to the patients without the need for surgery. The cure 
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rate for both medical and surgical treatment decreases with the increasing Rotterdam score. 

Katar et al.[25] found that the patients with a need for surgery had higher Rotterdam scores 

and severity of traumatic brain injury. 

Similar to our findings, Javeed et al.[11] demonstrated that there was a significant 

correlationbetween the Glasgow Coma Scale (GCS) on admission and the Glasgow Outcome 

Scale. This study observed that severe head injuries were related with increased rates of poor 

prognosis, which is similar to the findings of another study[12] that shown a strong association 

between GCS and the Rotterdam score. It was also discovered that higher fatality rates were 

connected with these types of injuries. As can be seen in table 3, the correlation between the 

Rotterdam score at the time of admission and the Glasgow Outcome Scale was similarly 

significant (p-value less than 0.05), with a Rotterdam score of 6 being related with the highest 

fatality rate (23 patients, 79.3%), which was seen. 

In current study, the relation between the Rotterdam score on admission and GCS was 

also significant (p-value < 0.05) with higher GCS score among those with Rotterdam score 5 

and 6. 

Talari et al.[16] also showed that GCS score is a significant predictor of TBI outcome, 

so that each one-point increase in GCS score was associated with a 0.37-time decrease in 

mortality rate.  

The GCS is not a reliable scale that can be utilized in any meaningful way. Because of 

this, it is impossible to accurately forecast the clinical result. GCS, the examiner, the length 

of time spent performing the exam, as well as the level of sedation and agitation experienced 

by the patient, are all impacted simultaneously. The use of CT imaging comes with a number 

of potential drawbacks, the most notable of which are the absence of real-time measurements 

and the difficulty in collecting repeated readings in terms of logistics, radiation exposure, and 

expense.[26] 

The limitation of not giving information on the functional and long-term outcomes of 

the population investigated is also emphasized, and it is advised that future research by 

authors from different LMICs review the Glasgow Outcome Scale as a result. It should be 

emphasized, nevertheless, that this study is not the first to report on the challenges associated 

with long-term following of TBI patients; these issues have also been covered in earlier 

research.[27-29] 

 

 

CONCLUSION 
It is still being sought after to conduct substantial and ongoing medical research and 

innovation to find the best way to anticipate head trauma injuries. We demonstrated the value 

of the Rotterdam CT score as a prognostic classification tool in emergency situations where 

limited information from the neurological examination is available. Patients with a higher 

risk of mortality and the need for surgery can be anticipated with the proper use of GCS and 

CCT imaging. Repeated CT scans should be performed on patients with traumatic brain 

injuries to check for any changes in their Rotterdam CT scores, which could indicate whether 

or not they will need surgery and intensive care. 
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