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 Abstract 

Background: Traumatic brain injury (TBI) is an important cause of 
morbidity and mortality and may result in a wide spectrum of neurological 
impairment. The Glasgow Coma Scale is commonly used to assess clinical 
Severity, whereas computed tomography (CT) provides rapid identification of 
structural intracranial abnormalities. Midline Shift (MLS) is an important 
CT finding associated with intracranial mass effect. This study evaluates the 
relationship between CT-measured MLS and Clinical severity in patients 
with traumatic brain injury. 
Methods: A cross-sectional study was conducted among 40 patients with 
traumatic brain injury presenting to tertiary-care hospitals in Multan. We 
assessed clinical severity using the Glasgow Coma Scale and categorized it as 
mild (13-15), moderate (9-12), or severe (<8). All patients had a non-contrast 
CT scan. We measured midline shift in millimeters on axial CT images at 
the level of the third ventricle or septum pellucidum using standardized 
anatomical landmarks. Data were analyzed using SPSS version 26. We used 
descriptive statistics, chi-square tests, and Spearman’s rank correlation 
coefficient. A p-value <0.05 was considered statistically significant. 
Results: Of the 40 patients, 13 (32.5%) were female, and 27 (67.5%) were 
male. Twenty-three  (57.5%) of the patients had mild TBI, six (15.0%) had 
moderate TBI, and eleven (27.5%) had severe TBI. Twenty -one (52.5%) 
patients had no MLS, while 19 (47.5%) exhibited midline shift. Eleven 
(57.9%) of the MLS patients had severe traumatic brain injury (TBI), six 
(31.6%) had moderate TBI, and two (10.5%) had mild TBI. On the other 
hand, mild TBI was present in all 21 patients who did not have MLS. The 
presence of MLS and the severity of TBI were found to be statistically 
correlated (χ² = 32.677, df = 2, p < 0.001). The degree of MLS and the 
severity of TBI were found to be strongly positively correlated by Spearman's 
correlation (ρ = 0.859, p < 0.001). 
Conclusion: In patients with traumatic brain injury, CT-detected midline 
shift was highly correlated with clinical severity. A higher degree of MLS was 
linked to a more severe TBI. Therefore, when assessing patients with 
traumatic brain injury, systematic evaluation of MLS on CT may offer 
helpful objective radiological information.  
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Introduction: 
Traumatic brain injury can result in significant 
neurological morbidity and mortality, making it 
a significant clinical and public health issue. The 
effects of traumatic brain injury (TBI) can vary 
from moderate, temporary neurological 
malfunction to severe neurological impairment 
necessitating close observation and treatment. 
Therefore, an essential part of managing acute 
trauma is assessing the severity of injuries at 
presentation. 
A common clinical tool for evaluating 
consciousness in traumatic brain injury patients 
is the Glasgow Coma Scale. It provides a 
standardized numerical evaluation of 
neurological status by assessing eye opening, 
verbal response, and motor response.  In the 
current study, we divided TBI severity into mild, 
moderate, and severe groups based on GCS.  
Neurological examination may not be sufficient 
to show the underlying structural abnormalities 
caused by trauma, even when clinical evaluation 
is crucial. Because computed tomography can 
quickly show intracranial structural 
abnormalities, it is a crucial imaging modality in 
the acute assessment of traumatic brain injury. 
Hemorrhage, cerebral oedema, mass effect, and 
displacement of intracranial structures are 
possible CT findings. 
One of the significant radiological indicators of 
cerebral mass effect is midline shift. It describes 
the movement of brain structures from their 
normal anatomical midline and can be brought 
on by cerebral oedema, intracranial hemorrhage, 
or other space-occupying pathologies. 
Previous studies have shown a correlation 
between neurological severity and MLS 
identified by CT. Therefore, the current study 
was conducted to assess the association between 
clinical severity and CT-measured MLS in 
patients with traumatic brain injury who present 
to Multan’s tertiary care facilities.  
 
Aims and Objectives: 
The main goal was to look into the relationship 
between clinical severity and the midline shift 
shown on CT scan in patients with traumatic 
brain injury. 
• To investigate the relationship between 
the degree of midline shift and clinical severity 
assessed using the Glasgow Coma Scale. 

• To compare midline shift patterns 
among patients with mild, moderate, and severe 
traumatic brain injury. 
 
Methods:  
Study design & Settings: 
In the radiology departments of tertiary care 
hospitals in Multan, Pakistan. A cross-sectional 
correlational study was carried out. Nishtar 
Hospital, Haq Medicare, Shahbaz Shareef DHQ 
, Noshahi Hospital, and Al Shifa Medicare were 
among the participating hospitals. The study was 
carried out over six months. 
 
Study Population and Sample Size:  
Forty traumatic brain injury patients were 
involved in the study. Fisher’s Z transformation 
correlation was used to estimate the necessary 
sample size. The final sample was rounded to 40 
participants from the computed sample of 
38.921. 
 
Sampling Technique: 
The method utilised was non-probability 
sequential sampling. Until the necessary sample 
size was reached, eligible patients who presented 
for the CT brain examination throughout the 
research period were recruited one after the 
other. 
 
Inclusion and exclusion Criteria: 
Individuals with traumatic brain injury who 
were admitted to the critical care unit or trauma 
unit were eligible to participate. Patients with 
coagulopathy, anticoagulant medication, prior 
brain lesions, pregnancy, or prior neurological 
impairment unrelated to trauma were not 
included. Additionally, patients who refused to 
participate were not included. 
 
Clinical Assessment: 
The Glasgow Coma Scale was commonly used to 
evaluate the clinical severity.  Based on their 
GCS, patients were divided into groups with 
mild, moderate, and severe TBI. Additionally, 
the mechanism of injury was noted, as well as 
vomiting history, pupillary response, and other 
clinical features. 
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CT imaging and measurement of Midline 
Shift: 
In accordance with the hospital’s imaging 
procedure, every patient had a non-contrast CT 
scan. Axial CT scans at the level of the septum 
pellucidum or third ventricle were used to assess 
MLS. The hospital PACS workstation was used 
to measure the intracranial structural 
displacement from the predicted midline in 
millimeters. An experienced radiologist took 
measurements using common anatomical 
landmarks. 
 
Statistical Analysis:  
SPSS version 26 was used to enter, clean, and 
analyses data. Descriptive statistics were used to 
summarise quantitative variables, and 
frequencies and percentages were used to display 
categorical variables. To evaluate correlations 
between categorical variables, the chi-square test 
was employed. The degree of MLS and the 

severity of TBI were compared using Spearman’s 
rank correlation coefficient. The threshold for 
statistical significance was fixed at p < 0.05. 
 
Ethical Considerations: 
Written informed consent was obtained from 
participants or, if necessary due to the patients' 
clinical conditions, from a legally authorized 
representative. The study was carried out with 
the approval of the Superior University, Lahore 
Ethical Committee; patient information was 
kept private and anonymous.  
 
Results: 
Demographic Characteristics: 
There were forty TBI patients. There were 13 
(32.5%) females and 27 (67.5%) males. The 
most common clinical severity group was mild 
traumatic brain injury. 19 patients (47.5 %) had 
MLS. While 21 patients (52.5%) did not. 

 
Characteristic Frequency (n) Percentage (%) 
Male 27 67.5 
Female 13 32.5 
Mild TBI (GCS 13–15) 23 57.5 
Moderate TBI (GCS 9–12) 6 15.0 
Severe TBI (<8) 11 27.5 
MLS present 19 47.5 
MLS absent 21 52.5 

 
Mechanism of Injury: 
With 18 (45.0%) instances, automobile 
accidents were the most common mechanism of 

injury. 13 (32.5%) patients reported falls, 4 
(10,0%) assaults, and 5 (12.5%) reported blunt 
force of trauma. 

 
Mechanism of injury N % 
Road traffic accident 18 45.0 
Fall 13 32.5 
Assault 4 10.0 
Blunt-force trauma 5 12.5 

 
Pupillary response: 
In 29 patients (72.5%), both pupils were 
reactive; in 5 patients (12.5%), one pupil was 
reactive; and in 6 patients (15.0%), both pupils 
were non-reactive. Pupillary response and TBI 
severity were shown to be significantly correlated 
(χ² = 40.000, df = 4, p < 0.001).  
 

Presence and Degree of Midline Shift: 
19 (47.5%) patients had MLS on CT, while 21 
(52.5%) had no MLS at all. 29 individuals, or 
72.5% of the total, had an MLS measurement 
between 0 and 4 mm. Three (7.5%) had a 
midline shift of 15- 18 mm. Four (10.0%) had a 
displacement of 5-9 mm, and four (10.0%) had 
a displacement of 10- 14 mm.  
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Degree of MLS N % 
0–4 mm 29 72.5 
5–9 mm 4 10.0 
10–14 mm 4 10.0 
15–18 mm 3 7.5 

 
Association between Midline Shift and TBI 
Severity: 
Among patients with MLS, 2 (10.5%) had mild 
TBI, 6 (31.6%) had moderate TBI, and 11 

(57.9%) had severe TBI. Whereas all 21 patients 
who had no MLS had mild TBI.  

 
Presence of MLS Mild n (%) Moderate n (%) Severe n (%) 
Yes 2 (10.5) 6 (31.6) 11 (57.9) 
No 21 (100) 0 0 

Pearson χ² = 32.677, df = 2, p < 0.001. 
 
Correlation between Degree of MLS and TBI 
Severity: 
Spearman's rank correlation showed a strong 
positive correlation between the severity of TBI 

and the degree of MLS(ρ = 0.859, p < 0.001, n = 
40). suggesting that the more MLS as detected by 
CT, the more severe the TBI. 

 
Variables Spearman's ρ p-value n 
Degree of MLS vs. TBI 
severity 

0.859 <0.001 40 

 
Vomiting and TBI Severity: 
A history of vomiting was found in 26 (65.0%) 
of the patients, of which 10, 6 and 10 had mild, 
moderate, and severe TBI, respectively. In 
patients without a history of vomiting, 12 had 
mild TBI and 1 patient had severe TBI, while 
none had moderate TBI. There was a statistically 
significant relationship between history of 
vomiting and TBI severity (χ²= 11.189, p= 
0.025). 
 
Discussion: 
This study investigated the association of CT-
determined MLS with severity of clinical TBI. 
The main finding of this study is that there was 
a significant and strong association found 
between MLS and severity of clinical TBI. 
Spearman correlation and categorical analysis 
revealed a consistent finding of higher 
radiological displacement in more severe TBIs. 
Male dominance was observed, with 67.5% of 
males. Road traffic injuries were the 
predominant mechanisms of injury [45.0%], 
followed by falls [32.5%]. 

Mild TBI was the most common category of 
clinical severity among the study population 
(57.5%) while severe TBI was the next most 
common (27.5%) and moderate TBI the least 
common (15%). Although mild TBI was more 
common overall, MLS was disproportionately 
prevalent among the more severely injured 
patients. 
MLS was seen in 19 patients 10 (57.9%) with 
severe TBI and 6 (31.6%) with moderate TBI. 
However, all patients 21 (100%) without MLS 
had mild TBI. This has significant association (2 
32.677; p < 0.001). The analysis shows that the 
primary hypothesis that radiological sign of 
midline shift was correlated with severity of 
clinical severity was proved. 
The strongest result was Spearman between 
degree of MLS and TBI severity. The Spearman 
value was 0.859, with p < 0.001. It is a very 
strong positive correlation according to the 
coding and categorization within the study. 
This study also indicated a significant 
relationship between pupillary response and TBI 
severity. All patients with mild and moderate 
TBI exhibited bilateral pupillary reactivity, 
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whereas abnormal pupillary findings were 
predominantly found in patients with severe 
TBI. 
Vomiting was also significantly associated with 
TBI severity ( = 11.189, p = 0.025). While 
vomiting is a common sign of life-threatening 
medical conditions and not specific to structural 
brain injury, the fact that it was more frequent 
among patients with moderate and severe TBI in 
our patient group indicates that it may be 
valuable in combination with GCS and CT. 
The clinical relevance of these results is that 
neurological examination and CT are 
complementary. GCS is a rapid clinical 
assessment of neurological function, whereas 
CT is an objective structural assessment. MLS 
may therefore, supplement CT as a radiological 
marker in the severity assessment of traumatic 
brain injury. 
 
Limitations: 
Limitations of the study included small sample 
size, limited study locations, study period, and 
clinical outcome assessment periods. Small 
sample size is the most obvious limitation, with 
only 40 patients included. The study was carried 
out at a few Multan based hospitals over a period 
of 6 months. Clinical outcome assessment was 
done only in the short term; therefore, clinical 
outcome in the long term was not assessed. 
 
Conclusion: 
The current study showed a strong and 
statistically significant correlation between 
positive MLs on CT scanning with severity of 
TBI patients. The probability of exhibiting MLS 
was significantly higher in the patient groups 
with moderate and severe TBI and 100 % of 
patients with no MLs were in the mild TBI 
group. The degree of MLS showed a significant 
and strong positive correlation with severity of 
TBI ( P = 0.859, p<0.001). The results further 
confirm the usefulness of systematic CT 
measurement of midline shift as one 
complementary radiological feature for assessing 
the severity of traumatic brain injury. 
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