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            Abstract

            
               
Background: Intracranial tumors can arise from various locations in the brain parenchyma. Computed tomography scan (CT) and magnetic resonance
                  imaging (MRI) are important modalities for diagnosis of intracranial tumors. The aim of the study is to study the usefulness
                  of CT scan and MRI for the detection and evaluation of brain tumors. Subjects and Methods: This was a prospective cross sectional study comprising of 95 patients diagnosed with brain tumors clinically. CT scan was
                  done in all the patients and MRI was done in 45 patients. Findings were correlated with histopathology. Results: In the present study, age group distribution included from 20 years to more than 50 years.In the present study males were
                  predominant and the male to female ratio was 1.3:1. All the cases, (100%) presented with seizures, followed by headache, hemiparesis
                  and vomiting. Conclusion: CT scan and MRI imaging modalities are of utmost importance in diagnosing brain tumors. Early diagnosis is important and the
                  imaging guides the neurosurgeon regarding appropriate surgical approach.
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               Introduction

            Intracranial tumors could originate from brain, pituitary gland, skull, embryonic tissues, spinal cord and meninges. They
               also could be metastasis from other parts of body. The incidence rate is 9.5 in 100000 in United States, of which more than
               60% of primary tumors are gliomas. [1] 

            These tumors usually have non-specific symptoms like headache, nausea and vomiting. Specific symptoms depend on the location
               of the tumor, which are paralysis, aphasia, visual field disorders, seizures, etc. [2,3] 

            Computed tomography scan (CT) and magnetic resonance imaging (MRI) are important modalities for diagnosis of intracranial
               tumors. CT scan remains a good choice in diagnosis of some conditions like bone or vascular involvement and metastases to
               the skull base. [4,5] 

            MRI is the usually recommended choice for diagnosing brain tumors. [6] 

            MRI is a gold standard test for diagnosis of glial tumors. When MRI is not available, CT scan with contrast can be used instead.
               However, it might miss posterior fossa tumors with false negative report. [7] 

            Developed in the mid 70’s the computed tomography (CT) scan revolutionized the diagnosis of brain tumors. CT images show skull,
               blood clots, and often calcified masses, appears white, while the brain is gray, and the CSF, fat and air appear black. [8,9] 

            Magnetic resonance imaging (MRI), which involves a highpowered magnet, became available in mid 1980’s. MRI images are quite
               distinct, allowing a more detailed examination than is possible with CT. Because MRI gives not only an axial view but also
               coronal and sagittal views, three-dimensional examination is possible. [10,11] 

            Dynamic, contrast-enhanced MR imaging has been implemented for the quantification of cerebral blood volume (CBV) and microvascular
               permeability (PS) (permeability surface area product) both in animal models and, more recently, in human brain tumors as well. [12,13,14,15]

            The identification of a tumoural mass and the assessment of its size and vascularization are best achieved with X-ray CT and
               MRI, while biochemical imaging can provide additional information that is crucial for tumour classification, differential
               diagnosis and follow-up. [16] 

            Since MRI provides better contrast than CT while differentiating soft tissue delineation of target volumes in MRI images is
               more accurate and precise but at the same time it has some disadvantages too. [17] 

            A CTMRI fused image really helps the radiation oncologists as well as physicists to outline the tumor and OARs for better
               treatment in radiotherapy. Moreover CT-MRI fusion results in improving the delineation of target volumes in brain gliomas. [18]

            Almost 80% of all intracranial tumors are supratentorial, 40% are metastases and 70% of tumors in 1-year-olds to adolescents
               are in the posterior fossa. [19] 

            Secondary or metastatic tumors spread from another part of the body and are much more common than primary brain tumors. The
               most common types of cancer that metastasize to the brain are melanoma, breast, colon, and lung. [20]

            
               Aim
                of the study
               
            

            To study the usefulness of CT scan and MRI for the detection and evaluation of brain tumors.

         

         
               Subjects and Methods

            Permission was taken from the Institutional Ethics Committee. Informed consent was taken from all the patients included in
               the study.
            

            This was a prospective cross sectional study comprising of 95 patients diagnosed with brain tumors clinically. This study
               was conducted in the department of Radiodiagnosisat Shri Sathya Sai Medical College and Research Institute, Kancheepuram district,
               Tamilnadu, over a period of one year from January 2018 to February2019.
            

            
               Inclusion criteria
               
            

            
                  
                  	
                     Patients willing to participate in the study 

                  

                  	
                     Both males and females

                  

                  	
                     Age: 20 years to more than 50 years.

                  

                  	
                     Clinically diagnosed with brain tumors.

                  

                  	
                     CT scan and MRI brain findings suggestive of brain tumors.

                  

               

            

            
               Exclusion criteria
               
            

            
                  
                  	
                     Patients not willing to participate in the study 

                  

                  	
                     Age below 20 years 

                  

                  	
                     Pregnant women   

                  

               

            

            All the cases included in the study attended out patient department of General Surgery and those who were clinically diagnosed
               as brain tumors were referred to department of Radiology for imaging studies.
            

            A thorough clinical examination was done including detailed History taking, onset of symptoms, past history of similar complaints.

            All the 95 patients were subjected to CT scan to assess size of lesions, location, cystic changes, solid nature, and calcification
               shifting, edema and enhancement.
            

            Only 45 cases were evaluated by MRI and assessed for ill-defined margins, well defined margins and lobulated margins on conventional
               T1 and T2WI. 
            

            CT machine Toshiba Aquilion (160 slices) was used. The contrast used was water soluble and nonionic (Omnipaque) administered
               at 300 mg/ml through intravenous injection.
            

         

         
               Results

            In the present study a total of 95 cases were included.

            
                  
                  Table 1

                  
                     
                     Age-wise distribution of the cases
                     
                  

               

               
                     
                        
                           	
                              Age distribution (in years)
                        
                        	
                              No. of cases
                        
                        	
                              Percent (%)
                        
                     

                     
                           	
                              20-30
                        
                        	
                              01
                        
                        	
                              1.05%
                        
                     

                     
                           	
                              30-40
                        
                        	
                              08
                        
                        	
                              8.4%
                        
                     

                     
                           	
                              40-50
                        
                        	
                              66
                        
                        	
                              69.4%
                        
                     

                     
                           	
                              >50 years
                        
                        	
                              20
                        
                        	
                              21.05%
                        
                     

                     
                           	
                              Total
                        
                        	
                              95
                        
                        	
                              100%
                        
                     

                  
               

            

            In the present study, age group distribution included from 20 years to more than 50 years. Majority of the patients, ie 69.4%
               (66/95) were among 40-50 years. Next common was more than 50 years age ie, 21.05% (20/95). 
            

            
                  
                  Table 2

                  
                     
                     
                     Gender-wise distribution of the cases
                     
                  

               

               
                     
                        
                           	
                              Gender
                        
                        	
                              No. of cases
                        
                        	
                              Percent (%)
                        
                     

                     
                           	
                              Females
                        
                        	
                              40
                        
                        	
                              42.1%
                        
                     

                     
                           	
                              Males
                        
                        	
                              55
                        
                        	
                              57.8%
                        
                     

                     
                           	
                              Total
                        
                        	
                              95
                        
                        	
                              100%
                        
                     

                  
               

            

            In the present study males were predominant ie, 57.8% compared to femalesie,42.1% and the male to female ratio was 1.3:1.

            
                  
                  Table 3

                  
                     
                     
                     Clinical
                      symptoms for both benign and malignant cases
                     *
                     
                  

               

               
                     
                        
                           	
                              Clinical symptoms
                        
                        	
                              No. of cases
                        
                        	
                              Percent (%)
                        
                     

                     
                           	
                              Headache
                        
                        	
                              90
                        
                        	
                              94.7
                        
                     

                     
                           	
                              Seizures
                        
                        	
                              95
                        
                        	
                              100
                        
                     

                     
                           	
                              Hemiparesis
                        
                        	
                              80
                        
                        	
                              84.2
                        
                     

                     
                           	
                              Vomiting
                        
                        	
                              40
                        
                        	
                              42.1
                        
                     

                  
               

               

            

            In the present study, 100% cases presented with seizures, followed by headache ie, 94.7% and 84.2% with hemiparesis, 42.1%
               with vomiting. 
            

            
                  
                  Table 4

                  
                     
                     
                     CT findings
                     
                  

               

               
                     
                        
                           	
                              CT findings
                        
                        	
                              No. of cases (Malignant  n= 60)
                        
                        	
                              No. of cases (Benign  n=35 )
                        
                     

                     
                           	
                              Cystic
                        
                        	
                              59(62.1%)
                        
                        	
                              22(23.1%)
                        
                     

                     
                           	
                              Solid
                        
                        	
                              55(57.8%)
                        
                        	
                              33( 34.7%)
                        
                     

                     
                           	
                              Calcification
                        
                        	
                              55(57.8%)
                        
                        	
                              6(6.3%)
                        
                     

                     
                           	
                              Shifting
                        
                        	
                              58(61%)
                        
                        	
                              23(24.2%)
                        
                     

                     
                           	
                              Edema
                        
                        	
                              60(63.1%)
                        
                        	
                              6(6.3%)
                        
                     

                     
                           	
                              Enhancement
                        
                        	
                              60(63.1%)
                        
                        	
                              8(8.4%)
                        
                     

                  
               

            

            Among Malignant tumors, 62.1% cases showed cystic change, 57.8% showed solid features.

            Among Benign tumors 23.1% cases showed cystic change, 34.7% showed solid features.

            
                  
                  Table 5

                  
                     
                     Nature of
                     tumor
                      on 
                     CT report
                     
                  

               

               
                     
                        
                           	
                              CT reports
                        
                        	
                              No. of cases
                        
                        	
                              Percent (%)
                        
                     

                     
                           	
                              Benign
                        
                        	
                              60
                        
                        	
                              63.1%
                        
                     

                     
                           	
                              Malignant
                        
                        	
                              35
                        
                        	
                              36.8%
                        
                     

                     
                           	
                              Total
                        
                        	
                              95
                        
                        	
                              100%
                        
                     

                  
               

            

            On CT scan brain, 60/95 (63.1%) reported as benign, 35/95 (36.8%) were reported as malignant.

            
                  
                  Table 6

                  
                     
                     Nature of
                     tumor
                      on MRI report 
                     (n=45)
                     
                  

               

               
                     
                        
                           	
                              MRI reports
                        
                        	
                              No. of cases
                        
                        	
                              Percent (%)
                        
                     

                     
                           	
                              Benign
                        
                        	
                              15
                        
                        	
                              33.3%
                        
                     

                     
                           	
                              Malignant
                        
                        	
                              30
                        
                        	
                              66.6%
                        
                     

                     
                           	
                              Total
                        
                        	
                              45
                        
                        	
                              100%
                        
                     

                  
               

            

            A total of 45 cases were subjected to MRI brain, 15/45 (33.3%) reported as benign, and 30/45 (66.6%) were reported as malignant.

            
                  
                  Table 7

                  
                     
                     
                     Showing
                      histopathology diagnosis
                     
                  

               

               
                     
                        
                           	
                              Histopathology diagnosis
                        
                        	
                              No. of cases
                        
                        	
                              Percent (%)
                        
                     

                     
                           	
                              Meningioma
                        
                        	
                              7
                        
                        	
                              7.3%
                        
                     

                     
                           	
                              Schwannoma
                        
                        	
                              15
                        
                        	
                              15.7%
                        
                     

                     
                           	
                              Oligodendroglioma
                        
                        	
                              05
                        
                        	
                              5.2%
                        
                     

                     
                           	
                              Astrocytoma
                        
                        	
                              27
                        
                        	
                              28.4%
                        
                     

                     
                           	
                              Glioblastoma
                        
                        	
                              39
                        
                        	
                              41%
                        
                     

                     
                           	
                              Metastasis
                        
                        	
                              02
                        
                        	
                              2.1%
                        
                     

                     
                           	
                              Total
                        
                        	
                              95
                        
                        	
                              100%
                        
                     

                  
               

            

         

         
               Discussion

            
               Sample size
               
            

            In the present study a total of 95 patients with brain tumors were included. Taghipour et al, [21] studied about 218 patients with brain tumors in their study. 
            

            
               Comparative studies based on age 
               and
                gender distribution
               
            

            In our study, majority of the patients, ie 69.4% (66/95) were among 40-50 years. Males were predominant (57.8%) compared to
               females (42.1%). In Taghipour et al, [21] study, ninety eight were women (45%) and 120 men (55%) with mean age of 44 years old (SD=20). Shah et al, [22] studied 76 brain tumors in the age group of 0 to 19 years. Primary brain tumors were more common in males (55.3%) as compared
               to females (44.7%) with male to female ratio of 1.23:1 in their study. However, their study was focused on paediatric brain
               tumors. Ahmad et al,[23] studied thirty patients of brain tumours diagnosed on CT scan/ Conventional MRI. The age of the patients in their study ranged
               from 22 to 63 years. The youngest patient was 22 years. Twenty two patients (73%) belonged in the 30-50 years age and formed
               the majority in the study group.
            

            
               Comparative studies based on etiology
               
            

            In the present study, 60/95 (63.1%) were reported as benign, 35/95 (36.8%) were reported as malignant., whereas, in Taghipour
               et al, [21] study there were 172 cases with definite diagnosis, 13 cases (7.2%) were benign and 159 cases (92.4%) were malignant.
            

            
               Comparative studies based on sensitivity
               
            

            In the study by Taghipour et al, [21] there were 189 (86.6%) cases of brain tumor diagnosed by CT scan. Sensitivity of CT scan was 83%, specificity was 10%, positive
               predictive value (PPV) was 93%, negative predictive value (NPV) was 3% and accuracy was 78% when compared to biopsy results.
               
            

            In their study fifty four patients had MRI also, for which sensitivity and specificity were 92% and 25% when compared with
               biopsy. Positive predictive value (PPV), negative predictive value (NPV) and accuracy in comparison with biopsy were 93%,
               2% and 87% respectively.
            

            
               Comparative studies based on pathology
               
            

            In our study, differences between Histopathology diagnosis and CT scan and MRI reports of benign and malignant tumors were
               not significant. In Taghipour et al,[21] both CT scan and MRI reports for diagnosis of benign or malignant tumors were compared with pathologic findings and they correlated
               well. 
            

            
               Comparative studies based on diagnosis on
                CT scan
               
            

            In our study, among Malignant tumors 62.1% cases showed cystic change, 57.8% each showed solid features and calcification.
               Shifting was seen in 61% and 63.1 % showed edema and enhancement. Among Benign tumors 23.1% cases showed cystic change, 34.7%
               showed solid features and 6.3% showed calcification and edema.24.2% showed shifting and 8.4% showed enhancement.
            

            In the study by Taghipour et al, [21] there were 44 diagnostic cystic lesions by CT scan, 91.7% were malignant and 8.3% were benign in biopsy reports. Solid reports
               were 22 cases and 84.6% were malignant. Malignant tumors with calcification, shifting and edema were 94.1%, 91.3% and 95.8%
               respectively. Hydrocephaly was found in 21 cases by CT scan, of which 76.2% were malignant and it was significant. It means
               that hydrocephaly may predict malignant lesions. Glioblastoma multiformewas the most frequent type of malignancy in these
               specimens.
            

            Roberts et al, [22] in their study observed for a patient, the tumor showed intense enhancement on both early and late contrast-enhanced scans.
               Region of interest measurements in the tumor revealed an initial contrast peak. The high PS of the tumor resulted in a transendothelial
               diffusion of the contrast agent into the tissue interstitium, which can be recognized by the very slight decline of the signal
               intensity after the first pass.
            

            For patient 2, as evident from the CT scans and the region of interest display, the tumor showed a contrast agent enhancement
               pattern similar to that of the tumor in patient 1: an early peak and then an almost complete lack of density decrease after
               the first pass, attributable to microvascular hyperpermeability. Permeability, however, was highest in the tumor center on
               the CT study but highest in the tumor periphery on the MR imaging study.
            

            In the study by Prabhakar et al, MRI showed 1.27 times more volume when compared to CT volume. It showed that MRI volume is
               larger than CT volume in most of the studied cases.
            

            In the study by Ahmad et al, the patients had chief complaint of headache.60% (n=18) of the patients presented with complaint
               of seizures, 40% (n=12) of the patients presented with complaint of nausea/vomiting, 10% (n=3) presented with focal neurological
               deficit and 10% (n=3) presented with visual problems.
            

            
               Comparative studies on Histopathology
               
            

            In the study by Roberts et al, [22]  out of the benign cases, four were meningiomas, two were low grade gliomas, one was pituitary macroadenoma, one was choroid
               plexus papilloma, one was granulomatous lesion and one was arachnoid cyst. The majority of malignant cases were glioblastomamultiforme
               (n=14), followed by metastases (n=3), anaplastic astrocytoma (n=2) and nonHodgkin’s lymphoma (n=1).
            

         

         
               Conclusion

            CT scan and MRI imaging modalities are of utmost importance in diagnosing brain tumors. Early diagnosis is important and the
               imaging guides the neurosurgeon regarding appropriate surgical approach.
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