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            Abstract

            
               
Introduction: Many treatable anatomical abnormalities of the brain can cause seizures. The present study was done to determine the role
                  of MRI for evaluation of patients with epilepsy. Subjects and Methods: Patients who presented to our hospital with history of epilepsy. i.e two or more episodes of unproved seizures 24 hours apart,
                  underwent MRI study to assess for abnormalities. Patients of either gender and all age groups who were referred to our department
                  for MRI study were included. Results: Generalized tonic clonic seizures were present in 86% of the population and rest had partial seizures. Using MRI, we arrived
                  at a diagnosis as a cause of seizure in 51.3% of the patients and rest of the 48.7% had a normal MRI study. The most common
                  pathology detected on MRI was infarct with gliosis (24.7%). Less common pathology detected were neurocysticercosis (6.7%),
                  brain atrophy (5.3%), tuberculoma (3.3%), venous thrombosis (2.7%), developmental malformations (2.7%), glioma (1.3%), cavernoma
                  (1.3%), tuberous sclerosis (1.3%), meningioma (0.7%), cerebral abscess (0.7%) and Sturge Weber syndrome (0.7%). Abnormality
                  on MRI was not significantly associated with gender or type of seizure. MR abnormality was observed maximum in patients between
                  1 to 30 years (30 out of 70 patients i.e. 42.8%) while all the elderly cases showed abnormal MRI, with infract with gliosis
                  being the most common finding. Conclusions: MR imaging should be the first investigation of choice in epileptic syndrome, cerebrovascular disease with seizure, developmental
                  cortical malformations, and vascular malformations. 
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               Introduction

            Seizure is an excessive hyper synchronous electrical discharge from a set of neurons in the central nervous system. Each burst
               of electrical activity is called seizure. Epilepsy has been defined as “two or more unprovoked seizures occur at an interval
               more than 24 hours apart”. [1] Various epidemiology studies in India have reported widely varying prevalence rates ranging between 1.3 and 11.9 per 1,000
               population. [2] Considering a conservative estimate of 1% as prevalence of epilepsy, there are more than 12 million persons with epilepsy
               in India, which contributes to nearly one-sixth of the global burden. Epilepsy can occur due to a metabolic disturbance, physiological
               imbalance or a structural abnormality. With the advent of modern surgical techniques, many of the structural abnormalities
               can be treated. As a result neuroimaging which can diagnose surgically amenable lesions in epileptic patients has become an
               important aspect of diagnosing epilepsy. [3] The International League Against Epilepsy recommends computerized tomography (CT) scanning of head in all patients with epilepsy
               regardless of the cause and type of the seizures. Moreover, CT-negative cases should be further explored with magnetic resonance
               imaging (MRI).[4,5] At present, MRI is the imaging modality of choice in epileptic cases due to its ability to depict neuroanatomy, excellent
               grey white matter differentiation, status of myelination and detection of focal structural brain lesions which can act as
               the foci of seizures. MRI is also a useful tool in the determination of prognosis and for follow up. The present study was
               done to determine the role of MRI for evaluation of patients with epilepsy.
            

            

         

         
               Subjects and Methods

            
               Study Design and Sampling
               
            

            The present observational study was conducted on patients who were referred to the Department of Radiodiagnosis at a tertiary
               care teaching hospital in Navi Mumbai. During January 2014 till June 2015, consecutive patients who presented to the emergency
               or medicine outpatient clinic with history of epilepsy i.e two or more episodes of unproved seizures 24 hours apart. Patients
               of either gender and all age groups who were referred to our department for MRI study were included. We excluded those patients
               in whom MRI was contraindicated. The purpose of the study was explained to the patients. Written informed consent was obtained
               from adults aged more than 18 years and assent was obtained from cases less than 18 years of age, co-signed by their parents.
            

            
               Magnetic Resonance Imaging technique
               
            

            MRI was performed in all cases on single slice helical “GE Optima 1.5T” machine. Standard head coil & NV coil was used for
               imaging in MRI. Management was given in all patients as per standard hospital protocol. Proper position of the patient was
               done (head first, supine). Sedation was given as and when required (very young patients with chances of motion during the
               study, claustrophobic patients). Sedation was either oral (syrup Pedichloryl- half hour before the study) or intra-venous
               (Ketamine/ Propofol- before start of study was administered by the attending anesthetist). Conventional MR imaging consisted
               of T1 and T2 weighted and FLAIR sequences in axial plane. Diffusion weighted and gradient echo axial images were also obtained.
               Flair, IR & T1 3D TFE sequence obtained in oblique coronal plane to study hippocampal sclerosis. If required, T1-weighted
               fat saturated spin-echo sequence after intravenous injection of 0.1 mmol/ kg gadopentetatedimeglumine was obtained in axial,
               sagittal and coronal sequences. The slice thickness was 3 to 5 mm. The overall duration of the examination was 20 minutes.
               Diffusion and diffusion weighted imaging was performed in axial plane. Diffusion was obtained at 0, 500 and 1000 values. The
               data collected was then transferred to the post processing software for interpretation and ratios. 
            

            
               Data Collection and Data Analysis
               
            

            Using a pre-designed semi-structured questionnaire, the demographic details of the patients were noted. The medical history
               of the patients was obtained from the medical records. Statistical analysis was done in SPSS (version 23, IBM). The data were
               presented descriptively as proportions. Association of various variables was analysed using chi-square test, considering p
               value of less than 0.05 as statistically significant.
            

         

         
               Results

            In the present study, we included 150 cases fulfilling our study criteria. [Table 1] describes the baseline characteristics
               of the patients. In our study population, 1 to 15 years was the most common age group (26%), followed by 16 to 30 years (24%)
               and less than 1 year (20.7%). Male comprised of 63.3% of the study population. Generalized tonic clonic seizures were present
               in 86% of the population and rest had partial seizures. Of those with partial seizers (n=21), most common were myoclonic partial
               seizures (n=8), simple partial seizures (n=3), absence seizures (n=2), temporal lobe seizures (n=2), complex partial seizures
               (n=2) and one case each of tonic seizures, motor seizures, neonatal seizures and febrile seizures. Using MRI, we arrived at
               a diagnosis as a cause of seizure in 51.3% of the patients and rest of the 48.7% had a normal MRI study. The most common pathology
               detected on MRI was infarct with gliosis (24.7%). Of these patients, 8 had acute infarct in parieto-occipital lobes, 2 had
               subacute hematoma in parietal lobe, 3 had abnormality like narrowing of cortical arterial branches, 9 had chronic ischemic
               changes with gliosis in left fronto-parietal lobe, 2 had cystic encephalomalacia changes in right parieto- occipital lobe,
               2 had tiny chronic ischemic lesions in deep white matter and one patient had an old infarct with gliosis in parietal lobe
               and deep gray matter nuclei. Less common pathology detected were neurocysticercosis (6.7%), brain atrophy (5.3%), tuberculoma
               (3.3%), venous thrombosis (2.7%), developmental malformations (2.7%), glioma (1.3%), cavernoma (1.3%), tuberous sclerosis
               (1.3%), meningioma (0.7%), cerebral abscess (0.7%) and Sturge Weber syndrome (0.7%). Furthermore, it was observed that males
               had higher proportion of cases who had abnormalities on MRI (54%) as compared to those of female cases (45%), although the
               difference was not statistically significant [Table 2] (p value = 0.27). In addition, cases with partial seizures had more
               proportion of abnormalities on MRI (62%) as compared to general tonic clonic seizures (49%), however the difference was not
               significant (p value = 0.29). [Table 3] describes that MR abnormality was observed maximum in patients between 1 to 30 years
               (30 out of 70 patients i.e. 42.8%) while all the elderly cases showed abnormal MRI, with infract with gliosis being the most
               common finding.
            

            
                  
                  Table 1

                  
                     Baseline characteristics of the patients included in the study
                     
                  

               

               
                     
                        
                           	
                              
                           
                            Variables

                           
                        
                        	
                              
                           
                            N

                           
                        
                        	
                              
                           
                            %

                           
                        
                     

                     
                           	
                              
                           
                            Age groups (in years)

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                            < 1 

                           
                        
                        	
                              
                           
                            31

                           
                        
                        	
                              
                           
                            20.70%

                           
                        
                     

                     
                           	
                              
                           
                            1 to 15 

                           
                        
                        	
                              
                           
                            39

                           
                        
                        	
                              
                           
                            26.00%

                           
                        
                     

                     
                           	
                              
                           
                            16 to 30

                           
                        
                        	
                              
                           
                            37

                           
                        
                        	
                              
                           
                            24.70%

                           
                        
                     

                     
                           	
                              
                           
                            31 to 45

                           
                        
                        	
                              
                           
                            18

                           
                        
                        	
                              
                           
                            12.00%

                           
                        
                     

                     
                           	
                              
                           
                            46 to 60

                           
                        
                        	
                              
                           
                            14

                           
                        
                        	
                              
                           
                            9.30%

                           
                        
                     

                     
                           	
                              
                           
                            > 60

                           
                        
                        	
                              
                           
                            11

                           
                        
                        	
                              
                           
                            7.30%

                           
                        
                     

                     
                           	
                              
                           
                            Gender

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                            Female 

                           
                        
                        	
                              
                           
                            55

                           
                        
                        	
                              
                           
                            36.70%

                           
                        
                     

                     
                           	
                              
                           
                            Male 

                           
                        
                        	
                              
                           
                            95

                           
                        
                        	
                              
                           
                            63.30%

                           
                        
                     

                     
                           	
                              
                           
                            Type of epilepsy

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                            Partial 

                           
                        
                        	
                              
                           
                            21

                           
                        
                        	
                              
                           
                            14%

                           
                        
                     

                     
                           	
                              
                           
                            General tonic clonic

                           
                        
                        	
                              
                           
                            129

                           
                        
                        	
                              
                           
                            86%

                           
                        
                     

                     
                           	
                              
                           
                            Cause of seizure based on MRI findings

                           
                        
                     

                     
                           	
                              
                           
                            Normal Study 

                           
                        
                        	
                              
                           
                            73

                           
                        
                        	
                              
                           
                            48.70%

                           
                        
                     

                     
                           	
                              
                           
                            Infract with gliosis 

                           
                        
                        	
                              
                           
                            37

                           
                        
                        	
                              
                           
                            24.70%

                           
                        
                     

                     
                           	
                              
                           
                            Neurocysticercosis

                           
                        
                        	
                              
                           
                            10

                           
                        
                        	
                              
                           
                            6.70%

                           
                        
                     

                     
                           	
                              
                           
                            Atrophy 

                           
                        
                        	
                              
                           
                            8

                           
                        
                        	
                              
                           
                            5.30%

                           
                        
                     

                     
                           	
                              
                           
                            Tuberculoma 

                           
                        
                        	
                              
                           
                            5

                           
                        
                        	
                              
                           
                            3.30%

                           
                        
                     

                     
                           	
                              
                           
                            Venous Thrombosis 

                           
                        
                        	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            2.70%

                           
                        
                     

                     
                           	
                              
                           
                            Developmental Malformations 

                           
                        
                        	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            2.70%

                           
                        
                     

                     
                           	
                              
                           
                            Glioma 

                           
                        
                        	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            1.30%

                           
                        
                     

                     
                           	
                              
                           
                            Cavernoma 

                           
                        
                        	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            1.30%

                           
                        
                     

                     
                           	
                              
                           
                            Tuberous Sclerosis 

                           
                        
                        	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            1.30%

                           
                        
                     

                     
                           	
                              
                           
                            Meningioma 

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            0.70%

                           
                        
                     

                     
                           	
                              
                           
                            Cerebral Abscess 

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            0.70%

                           
                        
                     

                     
                           	
                              
                           
                            Sturge Weber Syndroms 

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            0.70%

                           
                        
                     

                  
               

            

            
                  
                  Table 2

                  
                     Association of abnormal findings on MRI with patient related variables
                     
                  

               

               
                     
                        
                           	
                              
                           
                            Patient variables

                           
                        
                        	
                              
                           
                            MRI findings

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                            

                           
                        
                        	
                              
                           
                            Normal (n=73)

                           
                        
                        	
                              
                           
                            Abnormal (n=77)

                           
                        
                     

                     
                           	
                              
                           
                            Gender

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            P-value*

                           
                        
                     

                     
                           	
                              
                           
                            Female

                           
                        
                        	
                              
                           
                            30 (55%)

                           
                        
                        	
                              
                           
                            25 (45%)

                           
                        
                        	
                              
                           
                            0.27

                           
                        
                     

                     
                           	
                              
                           
                            Male

                           
                        
                        	
                              
                           
                            43 (46%)

                           
                        
                        	
                              
                           
                            52 (54%)

                           
                        
                     

                     
                           	
                              
                           
                            Type of seizure

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                            Partial

                           
                        
                        	
                              
                           
                            8 (38%)

                           
                        
                        	
                              
                           
                            13 (62%)

                           
                        
                        	
                              
                           
                            0.29

                           
                        
                     

                     
                           	
                              
                           
                            General tonic clonic

                           
                        
                        	
                              
                           
                            65 (51%)

                           
                        
                        	
                              
                           
                            64 (49%)

                           
                        
                     

                  
               

            

            
                  
                  Table 3

                  
                     Cause of seizures with respect to age group of the patients
                     
                  

               

               
                     
                        
                           	
                              
                           
                            

                           
                        
                        	
                              
                           
                            Age group (in years)

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                            Cause of Seizure 

                           
                        
                        	
                              
                           
                            < 1

                           
                        
                        	
                              
                           
                            1 to 15

                           
                        
                        	
                              
                           
                            16 to 30

                           
                        
                        	
                              
                           
                            31 to 45

                           
                        
                        	
                              
                           
                            46 to 60

                           
                        
                        	
                              
                           
                            > 60

                           
                        
                        	
                              
                           
                            Total 

                           
                        
                     

                     
                           	
                              
                           
                            Infract with gliosis 

                           
                        
                        	
                              
                           
                            6

                           
                        
                        	
                              
                           
                            8

                           
                        
                        	
                              
                           
                            5

                           
                        
                        	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            6

                           
                        
                        	
                              
                           
                            8

                           
                        
                        	
                              
                           
                            37

                           
                        
                     

                     
                           	
                              
                           
                            Neurocysticercosis

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            5

                           
                        
                        	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            10

                           
                        
                     

                     
                           	
                              
                           
                            Atrophy 

                           
                        
                        	
                              
                           
                            5

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            8

                           
                        
                     

                     
                           	
                              
                           
                            Tuberculoma 

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            5

                           
                        
                     

                     
                           	
                              
                           
                            Venous Thrombosis 

                           
                        
                        	
                              
                           
                            3

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            4

                           
                        
                     

                     
                           	
                              
                           
                            Developmental Malformations 

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            4

                           
                        
                     

                     
                           	
                              
                           
                            Glioma 

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            2

                           
                        
                     

                     
                           	
                              
                           
                            Cavernoma 

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            2

                           
                        
                     

                     
                           	
                              
                           
                            Tuberous Sclerosis 

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            2

                           
                        
                     

                     
                           	
                              
                           
                            Meningioma 

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            1

                           
                        
                     

                     
                           	
                              
                           
                            Cerebral Abscess 

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            1

                           
                        
                     

                     
                           	
                              
                           
                            Sturge Weber Syndroms 

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            1

                           
                        
                     

                  
               

            

         

         
               Discussion

            Neuroimaging in the early course of epilepsy is important as it can identify etiology and guide therapeutic approaches. MRI
               imaging can not only identify nonspecific abnormalities of the central nervous system like periventricular leucomalacia and
               atrophy, it can demonstrate static remote lesions as well. It can also isolate focal lesions responsible for seizures like
               cortical dysplasias and mesial temporal sclerosis, which can be treated with epilepsy surgery. Additionally, it can diagnose
               subacute and chronic processes like metabolic disorders and it is important for identifying acute process requiring emergent
               intervention like tumor, stroke, encephalitis and hydrocephalus. [5] The present study was conducted to assess MRI findings in cases diagnosed with seizures. We were able to locate MRI abnormalities
               in 51.3% of the patients. Singh et al reported a detection rate for structural abnormalities of 64%. [6] While few studies have reported even higher detection rates (> 80%), some investigators reported a poor detection rate. [7] There have been studies in past wherein superiority of MRI has been demonstrated over CT in intractable epilepsy. Some of
               these initial studies were done using a low resolution scanner, which resulted in a lower detection rates for structural lesions. [8]

            It was observed that most common age group in our study was up to 30 years. Similar observations were made by Sheikh et al
               who found 25 to 34 years age group to be at an increased risk of seizures. [9] Another study from India reported similar results. [10] Studies from developed countries report a bimodal distribution in the incidence of seizures. This variation may be explained
               by the variations in the demographic composition of the populations. In younger age groups, we found infarct with gliosis
               and neurocysticercosis to be more common, while infarct with gliosis was more common in cases aged more than 60 years of age.
               Gaillard at al reported that among children with partial seizures, outcome can be predicted with initial MRI results. [11] Similarly in cases with temporal lobe epilepsies, abnormalities detected on MRI were found to be an independent predictor
               of seizure outcome. [12] So published reported suggest that neuroimaging is important for choosing therapeutic approaches in childhood cases and thus
               estimate the prognosis of the disease to adulthood period. In addition, cases in our study were predominantly males. Sheikh
               et al reported a similarly higher incidence among males. Poor reporting due to cultural factors, lower utilization of healthcare
               services and differentially higher mortality among female children due to poor care might have contributed to this difference. [13]

            We observed that 48% of the cases of seizures had no structural abnormality on MRI. Among those with MR abnormality, infarct
               with gliosis was the most common finding. GTCS were more common than partial seizures. This is similar to what has been reported
               in previous studies from India. [14] However, this finding is in contrary to other studies in past which shows partial seizure to be most common presentation. [15] This might be explained owing to lack of reliable witnesses to the seizure events or poor recall of events. 
            

            We observed that abnormality on MRI was not significantly associated with gender of the patient or type of seizure. Among
               elderly patients, infarct with gliosis was the most common finding. Similar to our observations, many studies have reported
               that the most common cause of seizures in the elderly is cerebrovascular disease. [16] Hemorrhagic strokes are more likely to be associated with seizures than infarcts and 20% to 50% of epilepsy in the elderly
               is related to cerebrovascular disease. [17] Some investigators have highlighted the bidirectional relationship of stroke and seizures as the risk of stroke is increased
               in patients with late-onset seizures. [18] It is therefore advisable to investigate patients with late-onset seizures for stroke risk factors and treat them appropriately.
            

            Functional MRI, SPECT and PET also help to localize the seizure focus and completment the MRI study. [19] However, their availability and cost restricts their routine usage, though they can be used in patients with abnormal MRI
               or abnormal electroencephalography. [20] Colosimo C et al confirmed the superiority of MRI over CT with respect to the histology of the tissue and the assessing the
               spread of the tumor. [21] Though CT can be used in emergency cases (acute intracranial hypertension) to identify hydrocephalus and intratumoral hemorrhages,
               MRI can present a more comprehensive picture with minimal radiation exposure.
            

         

         
               Conclusion

            MR imaging should be the first investigation of choice in epileptic syndrome, cerebrovascular disease with seizure, developmental
               cortical malformations, and vascular malformations. It can detect structural abnormalities which can be treated surgically.
               It can pick subtle cortical abnormalities, hippocampal lesions as well as characterize lesions like different types of tumours
               and infections with its advanced applications.
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