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Abstract: 

Background: Once patients have a diagnosis of localization related 

epilepsy (LRE), it is critical to further classify those patients into 

lesional or non-lesional for treatment and prognostic reasons. The 

cornerstone of lesion detection in chronic epilepsy is structural 

imaging, mainly magnetic resonance imaging. Molecular & Metabolic 

information from Diffusion weighted MRI & magnetic resonance 

spectroscopy (MRS) might serve as an additional or as a surrogate 

marker for the epileptogenic lesion.  

Methods: 70 patients presented to Aljahra general hospital, Jahra 

city, Kuwait and were referred to radiology department for MRI study 

patients represented spectrum for different causes of epilepsy & 

different age groups All patients was scanned using Semens Aera 1.5 

tesla & skyra 3 tesla magnets by conventional MRI ((T1WI, T2WI, 

FALIR), Diffusion weight images ( DWI/ADC) sequences  & MRS 

were done for patients with SOL, suspected vascular or inflammatory 

causes. The patients with fits with no MRI signal or structural 

abnormality are excluded from this study. 

 Results: DWI & MRS can provide additional diagnostic information 

that may facilitate and support the final diagnosis, especially if 

clinical symptoms are inconclusive. While conventional imaging 

provided only anatomical information, 

 Conclusion: Diffusion weighted images (DWI) & SWI with 

conventional MRI increased accuracy of diagnosis of lesional 

epilepsy. 
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1- Introduction: 

Epilepsy is a disorder of the brain 

characterized by an enduring predisposition to 

generate epileptic seizures and by the 

neurobiologic, cognitive, psychological, and 

social consequences of this condition. The 

definition of epilepsy requires the occurrence 

of at least one epileptic seizure. However, in 

contrast to former classifications, one seizure 

permits the -diagnosis of epilepsy if para-

clinical EEG (e.g., 3 Hz spike and-wave 

discharges) or MRI (e.g., hippocampal 

sclerosis) findings point to an increased 

epileptogenicity. 
(1)

 

Once patients have a diagnosis of localization 

related epilepsy (LRE), it is critical to further 

classify those patients into lesional or 

nonlesional for treatment and prognostic 

reasons. An individual with LRE may be 

classified as nonlesional for two reasons: 1) a 

lesion may not exist; that is, the structural 

abnormality that gives rise to seizures may be 

at the channel level or be spatially distributed 

in such a way that it would not be accurately 

termed a lesion, or 2) a lesion exists but is so 

subtle that standard clinical imaging is not 

sensitive enough to discriminate between the 

lesion and surrounding healthy brain tissue. 

As with any technology and disease process, 

this definition is dynamic, as we know that 

future imaging techniques will be developed 

and new disease mechanisms will be 

discovered, making detection of the 

epileptogenic underlying abnormality an ever-

changing target. 
(2)

 

Multimodal imaging and future developments 

of neuroimaging techniques improve our 

understanding of the dynamics of brain with 

high spatial and temporal resolutions. The 

detection of subtle structural or functional 

abnormalities allow considering surgery in a 

greater number of difficult cases. Imaging 

findings have a role in guiding the 

implantation of intracranial electrodes, for 

improving the success of subsequent surgery. 

Hopefully, more patients will benefit from 

surgery without the need for invasive 

recordings. The concordance between 

different imaging techniques facilitates better 

mapping of epileptic zone, epileptic networks, 

and eloquent cortices. The understanding of 

functional brain networks will allow us to 

better understand the neurobiology of 

epilepsies and develop new diagnostic, 

prognostic and therapeutic tools.
(3)

 

The cornerstone of lesion detection in chronic 

epilepsy is structural imaging, mainly 

magnetic resonance imaging. Metabolic 

information from magnetic resonance 

spectroscopy (MRS) might serve as an 

additional or as a surrogate marker for the 

epileptogenic lesion.
(4)

  

Magnetic resonance spectroscopy (MRS) 

measures the concentrations of metabolites in 
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the brain noninvasively. In epilepsy, MRS 

aims to aid the identification of the 

epileptogenic lesion. Ultimately it aims to 

predict the postoperative outcome after 

surgical removal of these lesions.
 (4)

 

Changes on standard diffusion-weighted MRI 

(DWI) are well established in the ictal and 

postictal states with restricted diffusion 

profiles seen in the region of the ictal-onset 

zone. This is thought to be related to cytotoxic 

edema being produced secondary to cellular 

membrane dysfunction and localized cerebral 

ischemia. Diffusion-tensor imaging (DTI) is a 

specialized DWI technique that visualizes the 

movement of water molecules along white 

matter fibers, thereby allowing visualization 

of these tracts. It is also possible to retrieve 

information about the directionality and 

magnitude of the diffusing water molecules, 

yielding additional information about the 

strength of white matter connectivity between 

brain regions.
 (5)

 

The aim of our study is to evaluate the current 

role of some advanced MR Imaging 

Techniques in the Diagnosis of cases of  

epilepsy . 
 

2- Patient and Method 

This retrospective study was conducted upon 

flow of 70 patients presented to Aljahra 

general hospital, Jahra city, Kuwait. In a three 

years prospective study from 2016- to 2019. 

We selected  70  patients from the patients 

was complaining of epilepsy & were referred 

to radiology department  for MRI study to 

assess the presence of epileptogenic lesion 

after the patient diagnosed by clinical & EEG 

examinations as having seizures of different 

patterns. These 70 patient represented 

spectrum for different causes of epilepsy & 

different age groups.  

These procedures are approved by local 

Ethics Committee. All patients provided a 

written informed consent.  

The patients were selected from different age 

groups according to some Inclusion & 

exclusion criteria as followed; 

Inclusion criteria; was Patients presented by 

fits, Patient complaint proved clinically ( 

examination & EEG), and The presence of 

signal and or structural abnormalities by MRI 

study. Exclusion criteria; was No H/O of or 

new presentation of fits, The patients is not 

assessed or proved clinically, and Apparently 

normal MRI with no signal or structural 

abnormalities.  

All patients was scanned in radiology 

department, MRI unite using semens Aera 1.5 

tesla & skyra 3 tesla magnets. Conventional 

MRI ((T1WI, T2WI, FALIR) was done for all 

patients which depicted signal and/or 

structural abnormalities in most cases, then IV 

contrast given to cases of suspected SOL, 

vascular abnormalities & suspected 

inflammatory causes . Then we applied some 
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advanced MRI sequences to the cases 

according to the type of pathological entity to 

study their effect on increasing the accuracy 

of the diagnosis. Diffusion weight images ( 

DWI/ADC) sequences were done for patients 

with SOL, suspected vascular or 

inflammatory causes. 

The patients with fits with no MRI signal or 

structural abnormality are excluded from this 

study. We selected the patients that revealed 

signal and or structural abnormalities of 

different age groups (tables from1to 7). 

 

Table 1: Demographic  and Clinical Characters of the 

Studied  Group : 

Demographic and 

General character 

No of cases 

Total =   70 
% 

 

Sex 

Male  

female 

 

 

39 

31 

 

 

55.7 

44.3 

 

Age  

<18 years 

18-59 years  

>59 years  

 

30 

36 

4 

 

42.9 

51.4 

5.7 

 

Site of the 

epileptogeniclesion 

- intra-axial 

temporal 

- intraxial 

extratempral  

- extra-axial   

 

 

21 

 

47 

 

2 

 

 

30 

 

67.1 

 

2.9 

 

 

 

 

 

 

Table 2: classification of pathological groups of 

epilepsy: 

  

Table 3: classification of studied patients regarding their 

presentation: 

 

Pathological epileptogenic 

lesions 
No of cases 

Total =  70 
% 

Fits/ seizures only. 

 

28 cases (40%) 

 

Fists/ seizures pulse other 

presentations ( headache, 

vomiting , behavioral 

changes & fever) 

42 cases (60%) 

 

Table 4: Finding of Convential MRI  of the studied 

cases of epilepsy    (no=70 cases ): 

 

 

 

 

Pathological 

epileptogenic 

lesions 

No of cases 

Total =  70 

 

% Subdevisions 

Neoplastic 20 cases (28.6%) 

 

Primary low 

grade 

tumors=10 

Primary high 

grade tumors=7 

Secondary         

( mets.) 

tumors=3 

Vascular  12 cases (15.7%) Ischemic =8 

Non-

ischemic=4 

Congenital & 

developmental 

24 cases (34.3%) 

 

 

 

Inflammatory 

 

14 cases (21.4%)  

Convential MRI No              (%) 

 

- Diagnostic 

-Not diagnostic 

 

59              (84.3) 

11              (15.7) 
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Table 5:  Effect of contrast to differentiate neoplastic and Non neoplastic  pathological lesion (38 cases): 

 

 

              

   

 

 

 

 

  
 

               Table 6 : Accuracy of DWI in predicting different types of  pathology     

 

 Pathological  lesion     
 

Total  

 

 

(N= 38  ) 

N0   (%) 

 

Test of significant 

X
2
  

 
 

 

P value  

Neoplastic  

 

(N = 19 ) 

N0   ( %) 

Non neoplastic 

 

   (N= 19 ) 

  N0  ( %)       

Contrast  

Enhanced  

 

Not Enhanced 

 

 

13  (68.4) 

 

6    (31.6) 

 

 

11  (57.9) 

 

8    (42.1) 

 

  24  (63.2) 

 

  14  (36.8)    

 

1.452 

 

0.369 

         Accuracy  

        parameters          

Type of lesion 

  

Neoplastic  Vascular 

 

 

 

Inflammatory  

 

Sensitivity % 

(95% CI 
35 

(15.39- 59.22) 

 

20 

(2.52- 55.61) 

 

35.71 

(41.9- 91.61) 

 

Specificity % 

(95% CI) 

72 

(50.61 – 87.83)  

 

65.71 

(47.79-80.87) 

 

70.97 

(51.96-85.78) 

 

Positive  predictive values % 

(95% CI) 

50 

(29.64-60) 

 

14.29 

(4.26-38.46) 

 

35.71 

(18.54-57.56) 

 

Negative predictive values  % 

(95% CI) 
58.06 

(48.04-67.47) 

 

74.19 

(66.03-80.96) 

 

70.97 

(60.9 - 79.32) 

 

Like hood ratio of positive results % 

(95% CI) 1.25 

(0.53- 2.97) 

 

0.58 

(0.16-2.19) 

 

1.23 

(0.5-3) 

Like hood ratio of negative  results % 

(95% CI) 

0.90 

(0.6-1.35) 

 

1.22 

(0.82-1.8) 

 

0.91 

(0.58-1.42) 

Accuracy  

(95% CI) 

55.56 

(48.04-67.47) 

 

55.56 

(40- 70.36) 

 

60 

(44.33 – 74.3) 

 

Area Under Curve 

(95% CI) 

P value 

0.54 

(0.356- 0.724) 

       0.668 

0.442 

( 0.264-0.621) 

0.542 

0.533 

(0.356- 0.724) 

0.722 
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                            Table 7:  Accuracy of MRS   in predicting neoplastic and inflammatory 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3- Discussion: 

Neoplastic lesions as a cause of 

epilepsy represented the largest group in our 

study it  consisted of 10 cases of low grade 

primary tumors  that involved 4 cases of low 

grade glioma , 3 cases of oligodendroglioma, 

1 case of DENT, 1 case of ganglioglioma & 1 

case diagnosed as gliomatosis cerebri. The 

high grade tumours in our study was 7 cases 

involved; 1 case of anaplastic 

oligodendroglioma, 2 cases are high grade 

gliomas &4 cases diagnosed as glioblastoma 

multiforms. The secondary brain tumours that 

presented with fits & seizures were three 

cases. The ratios in our study even with the 

much difference in the number of patients are 

to some degree in agreement with a study  

done by ( Lote et al,1998) for an adult series 

of 1028 gliomas which  postulated that 

seizures occurred in 49% of patients with 

glioblastoma, in 69% of patients with 

                                   

 

Accuracy 

parameters        Type of lesion 
Neoplastic  

 

 

 

Inflammatory  

Sensitivity % 

(95% CI 
75 

(50.91- 91.34) 

 

57.14 

(28.86- 82.34) 

 

Specificity % 

(95% CI) 

42.86 

(17.66 – 71.14) 

 

25 

(8.66-49.1) 

 

Positive  predictive values % 

(95% CI) 

65.22 

(52.73-75.92) 

 

34.78 

(24.08-47.27) 

 

Negative predictive values  % 

(95% CI) 

54.55 

(48.04-67.47) 

 

45.45 

(24.00 - 68.75) 

 

Like hood ratio of positive results % 

(95% CI) 

1.31 

(0.78- 2.21) 

 

0.76 

(0.54-1.28) 

Like hood ratio of negative  results % 

(95% CI) 

0.58 

(0.22-1.54) 

 

1.71 

(0.65-4.53) 

Accuracy 

(95% CI) 

61.76 

(43.57-77.83) 

38.24 

(22.17 – 56.44) 

Area Under Curve 

(95% CI) 

P value 

0.599 

(0.391- 0.807) 

0.357 

0.401 

(0.193- 0.609) 

0.357 
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anaplastic glioma, and in 85% of patients with 

low-grade glioma . 

Infections of the CNS are a major risk factor 

for epilepsy. The reported risk of unprovoked 

seizures in population-based cohorts of 

survivors of CNS infections from developed 

countries is between 6.8 and 8.3 %, and is 

much higher in resource-poor countries.
 (6)

  

Infections may also induce status epilepticus, 

defined as one continuous, unremitting 

seizure lasting longer than 5 min, or recurrent 

seizures without the person returning to a 

normal state between them.
 (7)

 

Seizures may be induced by brain alterations 

in response to neurotropic infectious agents 

that target the CNS (which may include 

immune/ inflammatory-mediated responses 

intrinsic to the infected brain tissue). They 

may result from immune responses to 

systemic (non-CNS) infections resulting in 

pro-inflammatory cytokine-induced 

alterations in BBB integrity and subsequent 

neuronal hyperexcitability.
 (8)

  

A wide variety of CNS infections, including 

bacterial (e.g. typical bacterial meningitis, 

tuberculosis), viral (e.g. herpes simplex, 

HHV-6), parasitoses (e.g. cerebral 

toxoplasmosis, NCC, malaria), fungal (e.g. 

candidiasis, coccidioidomycosis, 

aspergillosis), and prion infections (CJD), can 

lead to status epilepticus. When status 

epilepticus occurs with encephalitis it has a 

worse prognosis than those due to other 

aetiologies . Autoimmune encephalitis is 

increasingly recognized as a cause of status 

epilepticus where no infectious organism is 

identified.
 (9)

  

It is important to differentiate between early 

seizures, which may occur within the first 1–2 

weeks after infection and late unprovoked 

seizures, which occur later (often months to 

years) after infection and are therefore defined 

as acquired epilepsy.
 (10)

  

In our study there are 14 cases presented with 

epilepsy secondary to infective & 

inflammatory etiologies as follows; 4 cases of 

NCC , 4 cases of tuberculomas & tuberculous 

meningitis, 3 cases of encephalitis ( herpitic , 

non-herpitic & autoimmue), A case of 

Russmosen encephalitis, a case of ADEM 

(acute disseminating encephalomyelitis) & a 

case of subdural empyema.    

Neurocysticercosis (NCC) is a common 

neurological infestation and probably the 

major risk factor for acquired epilepsy in 

many African, Asian and Latin American 

countries. It is estimated that 30–50 % of 

cases of epilepsy in endemic regions have 

NCC as a risk factor (Garcia et al, 2014). In 

our study the chosed 4 cases are from Asian 

race ( indians). 

CNS tuberculosis has various imaging 

appearances, including meningitis, 

tuberculoma, miliary tuberculosis, abscess, 
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cerebritis, and encephalopathy. In addition, 

the radiologic manifestations of this disease 

are not always typical and sometimes may be 

mistaken with other lesions such as brain 

tumors.
 (11)

  

In our study there is 4 cases of epilepsy 

diagnosed by clinical,laboratory & imaging 

findings as cerebral tuberculosis in the form 

of tuberculomas in two cases , one case of 

tubercular abscess  & associated tubercular 

meningitis is also seen. Encephalitis with 

prominent epileptic seizures is an antibody-

associated disease reported in patients with 

full-blown brain neuropathology and in 

association with cryptogenic epilepsy (e.g., 

normal brain MRI).
 (12)

  

Viral encephalitis by definition is the result of 

human virus affecting the brain and sparing 

the meninges. The other nervous system 

manifestations are meningitis, 

meningoencephalitis, encephalomyelitis, and 

encephalomyeloradiculitis. Encephalitis can 

involve any age group from children to old 

people. The severity of the disease depends 

on the viral agent and the host immune 

system. The patient can present with fever, 

headache, seizure, neurological deficit, or 

altered sensorium. Laboratory investigations, 

imaging, and cerebrospinal fluid analysis are 

crucial in the diagnosis of encephalitis. 

Magnetic resonance imaging (MRI) findings 

may be nonspecific or specific and plays a 

major role in the diagnosis of encephalitis and 

predicting the possible cause.
 (13)

  

Autoimmune encephalitis is a relatively new 

category of immune-mediated disease 

involving the central nervous system that 

demonstrates a widely variable spectrum of 

clinical presentations, ranging from the 

relatively mild or insidious onset of cognitive 

impairment to more complex forms of 

encephalopathy with refractory seizure. Due 

to its diverse clinical features, which can 

mimic a variety of other pathologic processes, 

autoimmune encephalitis presents a 

diagnostic challenge to clinicians. Imaging 

findings in patients with these disorders can 

also be quite variable, but recognizing 

characteristic findings within limbic 

structures suggestive of autoimmune 

encephalitis can be a key step in alerting 

clinicians to the potential diagnosis and 

ensuring a prompt and appropriate clinical 

work-up.
 (14)

  

 Rasmussen’s encephalitis is a devastating 

syndrome of multifocal brain dysfunction and 

focal seizures. Magnetic resonance (MR) 

findings, associated with clinical data and 

electroencephalogram (EEG), may indicate 

the diagnosis and could be an indicative of 

prognosis. Andreia et al studied 5 patients 

with Rasmussen’s encephalitis, assessing 

clinical history and MR images. All patients 

had refractory focal seizures with a 

predominant motor component associated 
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with hemispheric atrophy that was 

proportional to severity of disease and 

neurological deficits in these patients. Gray 

and white matter abnormal signal on T2 MR 

Images were found in patients who had 

hemiparesis. It was not related to the duration 

of the disease but to aggressiveness. MR 

proton spectroscopy in severe disease showed 

lactate and choline increase and decreased 

NAA, reflecting neuronal and axonal loss, 

gliosis and elevated membrane.
 (15)

 

In our study there was a case of Rasmussen 

encephalitis which seen in 2 y female child 

that revealed history of perinatal asphyxia & 

presented with right hemiparesis , seizures, 

status epilepticus & developmental delay. 

Pillars et al did cohort study of 164 children 

with acute encephalitis, and found the larger 

causes of encephalitis (in descending order) to 

be: ADEM (n=35, 21%), enterovirus 

(n=20,12%),M. pneumoniae(n=11, 7%), 

NMDAR antibody (n=10, 6%), and HSV 

(n=9, 5%). There were 46 patients (28%) 

without an identified etiology (unknown).
 (16)

  

In our study the vascular causes represented 

12 cases (15.7%) , ischemic related epilepsy 

are noted in 8 cases & the other 4 cases are 

space occupying lesions of vascular origin. 

The increased prevalence of post stroke 

seizers & epilepsy is in agreement with the 

study done by Jiun-Chang et al.
 (17)

   

Jiun-Chang et al
(17) 

did retrospective study, 

collected clinical and radiographic data on 

children (age range, 1 month to 18 years) with 

symptoms and radiographic confirmation of 

seizure after ischemic stroke for the period of 

January 1996 to July 2006. Thirty-nine out of 

94 children with ischemic stroke had 

poststroke seizures. Thirty-three out of 39 

children with poststroke seizures had new 

onset seizures but only data of 28 were 

available. The study concluded that seizures 

commonly occur in childhood ischemic 

stroke. Most poststroke seizures developed at 

an early stage. Infection was the most 

common etiology that caused early poststroke 

seizures in childhood ischemic stroke. 

Poststroke seizures did not affect mortality, 

but there was a significant difference in 

normal outcome and epilepsy between those 

with or without poststroke seizures. 

In our study there is 24 cases of epilepsy due 

to congenital & developmental causes 

represented 34.3% of the studied sample. 

They are 4cases of neurocutaneous diseases ( 

phakomatosis ) ( 2 cases of tuberous sclerosis 

, one case of sturge weber disease & one case 

of NF1).  4 cases of mesial temporal sclerosis 

, 3 cases of focal cortical dysplasia , 2 cases of 

holoprosencephaly , 2 cases of chizencephaly 

& two cases of hetrotopia. 

A prospective cohort study conducted over a 

2 year period. 102 children of seizure 

disorders studied by Nita et al revealed that 
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out of which 28 (27.5%) Patients were 

diagnosed to have central nervous system 

malformations diagnosed by neuroimaging 

with relevant clinical features. Among those 

28 patients of seizure disorder with CNS 

malformations neural tube defects were the 

most common (11.76 %) malformations 

followed by malformations of cortical 

development (10.78%) while neurocutaneous 

syndromes were less common and isolated 

dysgenesis Of corpus collasum was least 

common (1.96%) malformations. These 

results are in agreement with that Dolk et al & 

Girgis et al.
 (18)

 
(19)
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