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ABSTRACT: BACKGROUND AND OBJECTIVES: In patients with seizures a dedicated MRI protocol is
a useful tool in the detection of an epileptogenic focus, including congenital, neoplastic and
degenerative. Resection of these lesions can lead to seizure freedom in most patients. In this context,
a prospective study was conducted to evaluate the etiology of seizures using MRI brain.
METHODOLOGY: 120 patients presenting with seizures, above the age of 2years, referred to the
Department of Radio-diagnosis were included in this study. RESULTS: In this study, the MR
examination revealed pathological findings in 32.50% (39) out of 120 patients which includes: mesial
temporal sclerosis-14.2% (17), cerebral infarct with gliosis-6.6% (8), meningioma-2.5% (3), hypoxic
ischemic encephalopathy-1.6% (2), cortical dysplasia-1.6% (2), tuberous sclerosis-11.6% (2),
nodular heterotopias-0.83% (1), neurocysticercosis-0.83% (1%), metastasis-0.83% (1), Dyke
Davidoff Maison syndrome-0.83% (1) and Arnold Chiari Malformation 0.83% (1). CONCLUSION: This
study concludes that MR imaging plays a pivotal role in the evaluation of patients with seizures using
a dedicated MRI seizure protocol to confirm or rule out any organic or developmental lesions. The
most common abnormality seen in this study was mesial temporal sclerosis.
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INTRODUCTION: Seizure is a distinct clinical episode characterized by a transient disturbance in
mentation and/or abnormal movements resulting from excess electrical brain activity. Seizures
result from the loss of normal balance of neuronal excitation and inhibition causing relative neuronal
hyperexcitability. Epilepsy is a chronic condition characterized by recurrent seizures unprovoked by
an acute systemic or neurologic insult.

Most of the patients suffering from seizure disorder, have good control of this disease with
the use of antiepileptic drugs. However up to 20% of patients continue to have seizures despite the
best medical treatment. Most of these patients with intractable epilepsy have seizures that are focal
and can be potentially treated. Neurosurgery is most often considered in medically refractory
epilepsy when removal or isolation of epileptogenic region is possible without any neurologic deficit.

Using a dedicated MRI protocol, it is possible to detect an epileptogenic lesion in 80% of these
patients. MR imaging has emerged as the most diagnostically valuable tool for preoperative
localization of epileptogenic focus because of its excellent soft tissue contrast, allowing for detailed
depiction of anatomy, capacity for multiplanar imaging and freedom from harmful radiations.

MR gives more precise localization and histological nature of lesions. This is of immense help
to both clinicians as well as neurosurgeons in their attempt to achieve a faster and more accurate
method of discovering the nature of the pathologies. MR imaging also helps to depict topographic
relationships between epileptogenic lesion and the eloquent regions of brain.2 The following study
has been undertaken to study the etiology and spectrum of MRI findings in patients with seizures.
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MATERIALS AND METHODS: Prospective study of 120 patients with history of seizures as per the
criteria laid down by the ILAE 1981. The duration of the study was from December 2012 to June
2014.

MRI brain was performed using a dedicated seizure protocol, using MRI unit-1.5 T Siemens
Magnetom Avanto Tim (32x8). MRI protocol includes the entire brain from nasion to inion,
conventional routine 5mm slice thickness, T1, T2 and FLAIR axial sequences, 1.5 mm slice thickness
coronal oblique. Inversion recovery and SPGR images, 1.5mm slice thickness are acquired as a 3
dimensional volume. Protocol also includes coronal and axial FLAIR sequences with 2-3 mm slice
thickness & 1 mm inter slice gap. A conventional thin slice, T2 weighted axial and coronal sequences
were also obtained. Magnetic resonance spectroscopy & Diffusion weighted imaging were also used.
Gadobenate dimeglumine, MR contrast agent was used if a tumour or vascular malformation was
suspected. It was also used in new-onset epilepsy and neurocutaneous syndromes to visualize
leptomeningeal angiomatosis. Dosage used as 0.1 mg/kg wt.

Inclusion Criteria: All patients above 2 years with history of seizures.

Exclusion Criteria: Children below Z2years of age, Alcohol dependent seizure ,Psychogenic non-
epileptic seizures , Factitious disorder, Malingering ,Trauma & Drug induced seizures , Absolute &
relative contra- indications for MRI.

Data was tabulated using MS excel sheet and analyzed using SPSS version 20. Qualitative
variables expressed as percentages and analyzed using Chi-square test. Quantitative variables
expressed as mean with standard deviation.

Fig. 1a: Right Mesial Temporal Sclerosis (MTS) - Coronal FLAIR images - hippocampal hyperintensity,
collateral white matter atrophy, prominence of collateral sulcus, atrophy of temporal lobe and
prominence of ipsilateral temporal horn.
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Fig. 1b: Right MTS - Coronal Inversion Recovery sequence showing atrophy of ipsilateral fornix, loss
of hippocampal architecture, collateral matter atrophy with prominent collateral sulcus, atrophy of
temporal lobe and prominence of ipsilateral temporal horn.

Fig. 1b

Fig. 2a: Tubrous Sclerosis - Axial T2ZW MR - T2 hyperintense multiple cortical/sub cortical tubers
beneath the expanded gyri.

Fig. 2b: Tuberous Sclerosis - Axial FLAIR MR - focal lacunae like cysts in the right parasagittal region
& multiple T2 hyperintense cortical/sub cortical tubers beneath the expanded gyri.

Fig. 2c: Tuberous Sclerosis - T2W axial MR showing multiple hypointense subependymal nodules &
band like white matter hyperintensities adjacent the body of lateral ventricle.
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Fig. 3: Focal Cortical “Dysplasia-Coronal” FLAIR MR shows focal cortical/sub-cortical hyperintensity.

Fig. 4: Dyke Davidoff Maison Syndrome - FLAIR axial MR - left sided hemiatrophy, hypoplasia of left
thalamus & lentiform nucleus with white matter hyperintensity with dilatation of ipsilateral lateral

ventricle.

Fig. 5: Metastasis from Bronchogenic Carcinoma - Axial T1 Post contrast MR - an enhancing lesion in
the left precentral gyrus with surrounding perilesional edema and mass effect.

] of Evolution of Med and Dent Sci/ eISSN- 2278-4802, pISSN- 2278-4748/ Vol. 4/ Issue 78/ Sept 28, 2015 Page 13657




DOI: 10.14260/jemds/2015/1952

ORIGINAL ARTICLE

Fig. 6a & 6b: T1 Axial and FLAIR coronal MR images showing left convexity meningioma with
perilesional edema causing midline shift and subfalcine herniation.

Fig. 6a & 6b

Fig. 7: Meningioma-Sagital T1 post contrast MR shows Falcine meningioma with invasion of with
Superior sagital sinus and significant perilesional edema and mss effect.

OBSERVATION AND RESULTS:

Age Group (In Years) Number Percentage (%)
2-20 56 46.7
21-40 38 31.7
41-60 18 15.0
>60 8 6.7
Total 120 100.0

Table 1: Age Distribution of Patients with Seizures
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Graph 1: AGE DISTRIBUTION OF PATIENTS WITH SEIZURES

Percentage

AGE
GENDER Number Percentage (%)
F 57 47.5
M 63 52.5
Total 120 100.0

Table 2: Sex Distribution of Patients with Seizures

GRAPH 2: SEX WISE DISTRIBUTION
OF PATIENTS WITH SEIZURES

Sex
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Seizure Type No. of Cases| Percentage (%)
Absence seizures 10 8.3
Complex partial seizures 16 13.3
Febrile seizures 1 8
GTCS 74 61.7
Myoclonic seizures 9 7.5
Simple partial seizure 58
Tonic seizures 3 2.5
Total 120 100.0

Table 3: Distribution of Patients Based on Seizure Type

GRAPH 3: SHOWING THE DISTRIBUTION
OF SEIZURE TYPE IN PERCENTAGE
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Seizure Type
MRI Number Percentage%
Abnormal 39 325
Normal 81 67.5
Total 120 100

Table 4: Distribution of Normal and Abnormal
MRI in Patients Presenting with Seizures
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GRAPH 4: NORMAL VS ABNORMAL
MRI IN PATIENTS WITH SEIZURES

MRI DIAGNOSIS Number | Percentage (%)

Arnold Chirari Malformation Type I 1 0.8
Cortical dysplasia 2 1.7

Dyke davidoff Maison syndrome 1 0.8
Hypoxic ischemic encephalopathy 2 1.7
Infarct with gliosis 8 6.7
Meningioma 3 2.5

Mesial temporal sclerosis. 17 14.2
Metastasis 1 0.8
Neurocistisarcosis 1 0.8
Nodular Heterotopia 1 0.8

Normal 81 67.5

Tuberous sclerosis 2 1.7

Total 120 100.0

Table 5: MRI Diagnosis in Patients with Seizures
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Graph 5: Distribution of MR diagnosis (Number)
in patients presenting with seizures
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MR Diagnosis
ETIOLOGY No of cases Percentage
Acquired 32 82.1
Congenital 7 17.9
Total 39 100.0

Table 6: Congenital V/s Acquired Etiology Of Seizures

GRAPH 6: ACQUIRED CAUSES VS
CONGENITAL CAUSES OF MR DIAGNOSIS
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GRAPH 7: NEOPLASTIC VS NON-NEOPLASTIC
- ETIOLOGY INACQUIRED CASES

Acquired causes

B
MR Diagnosis Number Percentage %
Mesial temoral sclerosis 17 43.6
Others 22 56.4
Total 39 100.0

Table 7: Mesial Temporal Sclerosis Vs Other MR Diagnosis

GRAPH 9: SHOWING PERCENTAGE OF PRIMARY MRI FINDINDS IN MTS
Chart Title
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GRAPH 10: SHOWING PERCENTAGE OF SECONDARY MRI FINDINGS IN MTS
Chart Title
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DISCUSSION: Patients presenting with seizures can have wide range of MR imaging abnormalities
depending upon the etiology. MRI can reliably identify and localize the intracranial abnormality so
that further management can be planned accordingly.

In this study of 120 patients presenting with seizures, age ranged from 2 to 80 years with the
median age of 21 years. Of these 63(52.5%) were males & 57(47.5%) were females. There is no
significant association between the age-sex distributions of patients with seizures:

e Inthe age group 2-20 years the total % of patients with seizures 46.7%

e Inthe age group 21-40 years the total % of patients with seizures 31.7%.
e Inthe age group 41-60 years the total % of patients with seizures 15%.

¢ Inthe age group >60 years the total % of patients with seizures 6.7%.

Distribution of Patients Based on Seizure Type: In this study population, predominant number of
patients presented with generalized tonic clonic seizures, which accounted for 61.7% (74 patients).
Of the remaining 32.3%, temporal lobe seizures accounted for 27.4% (Absence seizures-8.3%;
Complex partial seizures-13.3%; Simple partial seizure-5.8%- i.e. total 33 patients). Rest of the
patients presented with febrile seizures, myoclonic and tonic seizures (Febrile seizures-0.8% -1 case;
Myoclonic seizures-7.5%-9 cases & Tonic seizures-2.5% - 3 cases).

Seizure Type Distribution of seizure type in percentage (%).
Generalised tonic clonic seizure 61.7
Complex partial seizure 13.3
Simple partial seizure 5.8
Absence seizure 8.3
Myoclonic seizure 7.5

Table 8: Showing the Distribution of Seizure Type
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Sex Distribution in MRI abnormal Cases: The MR examination revealed pathological findings in 39
(32.50%) & normal study in 81(67.50%) out of 120 patients.
Out of the total abnormal 32.50%, 43.58% are males & 56.41% are females.

MRI Positivity: In the present study, the MR examination revealed pathological findings in (32.50%)
39 out of 120 patients which includes: mesial temporal sclerosis-14.2% (17), cerebral infarct with
gliosis-6.6% (8), meningioma-2.5% (3), hypoxic ischemic encephalopathy-1.6% (2), cortical dysplasia
-1.6% (2), tuberous sclerosis-11.6% (2), nodular heterotopias-0.83% (1), Neurocysticircosis-0.83%
(1%), metastasis-0.83% (1), Dyke Davidoff Maison syndrome-0.83% (1), Arnold Chiari Malformation
0.83% - (1).

Etiology of epilepsy cases. | Distribution of etiology of epilepsy cases.(%)
Unknown 67.5
Neurodegenerative diseases 14.2
Stroke 6.6
Tumor 3.3
Infection 0.83
Congenital 5.8

Table 9: Shows the Distribution of Aetiology of Seizures

Congenital Vs Acquired Causes of Seizures: According to the present study, 82.1% is acquired &
17.9% is congenital.

Acquired causes (Total 32cases) includes Mesial temporal sclerosis (17 cases), hypoxic
ischemic encephalopathy (2 cases), neurocysticercosis (1 case), cerebral infarct with gliosis (8 cases),
metastasis (1 case) & meningioma (3cases).

Congenital (7 cases) causes includes Arnold Chiari Malformation (1 cases), cortical dysplasia
(2cases), Dyke Davidoff Maison syndrome (1 case), Nodular heterotopia (1 case) & tuberous sclerosis
(1 case).

In Acquired Cases: Neoplastic Vs Non-Neoplastic: 11.76% are neoplastic & 88.24% are non-
neoplastic lesions. Neoplastic lesions (4 cases) which includes Meningioma (3 cases) & metastasis (1
case).

Mesial Temporal Sclerosis Vs Other Diagnosis: 17 out of the 39 cases with positive MRI findings
(43.6%) showed features of Mesial Temporal Sclerosis.

Age-Sex distribution of MTS: 11 out of these 17 cases were females of which 9 (81%) belonged to
the age group 16-30years and 2 were in the 31-45years age group. 6 cases were males of which 4
cases (66.7%) were in the age groups 16-30years.

Types of seizure in patients with MRI diagnosis of MTS: In cases with MRI features of MTS (17
cases), 76.5% (13 cases) had complex/simple partial seizures or absence seizures. However, 23.5%
(4 cases) had GTCS.

Here, 58.82% (10 cases) shows complex partial seizures, 11.76%(2 cases) simple partial
seizures , 5.9%(1 case) absence seizures & 23.53%(4 cases) are cases are GTCS.
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Hence, out of the total 17 cases with MR diagnosis of MTS, complex partial seizures was the
most common presenting feature in this study.

MRI findings in 17 cases with MTS (Figures 1a & 1b): Primary findings of MTS:

MRI findings: Present study
Abnormal T2 signal in the hippocampusin | 12 (70.6%)

Visually assessed hippocampal atrophy 90r52.9%

Table 10: Primary MR findings MTS |

Present study - out of 17 MRI

MRI findings: positive cases of MTS:
Smaller mammillary body 3 cases or 17.6%
Temporal horn dilatation 10 cases or 50.8%
Collateral white matter atrophy 2 casesor 11.8%

Disruption of the internal architecture
of the hippocampus
Temporal lobe atrophy 1 case or 5.9%
Smaller fornix 4 cases or 23.5%

Table 11: Secondary MR findings of MTS

If there are no primary MR findings, the patient has less than a 50% likelihood of becoming
seizure free after surgery. Although these yields are impressive, they are selective.

Some patients with MTS have either absent or equivocal primary MR findings of MTS. The use
of secondary MR features can help improve the sensitivity and positive predictive value in this group
of patients, especially when used in conjunction with other localizing techniques.

According to Richard Bronen, et al, the hallmark of mesial temporal sclerosis on MR imaging is
an atrophic hippocampus associated with hyperintense signal. Patients with these primary MR
findings have a 70% to 90% probability of being free of seizures after temporal lobectomy.

One of the limitations of my study was that I was able to perform DWI only in few cases as
majority of the patients were claustrophobic and was unable to lie inside the MRI machine for
prolonged time.

8 cases or 47.1%

Cerebral Infarcts with Gliosis: 8 patients (6.6%) revealed cerebral infarction on MRI study. Two
patients revealed acute infarct in parieto-occipital lobes diagnosed based on diffusion restriction with
mild swelling with effacement of adjacent sulci.

Chronic ischemic changes with gliosis in left fronto-parietal lobe noted in one patient and one
patient showed cystic encephalomalacia changes in right parieto-occipital lobe.

Four patients showed tiny chronic ischemic lesions in deep white matter with bilateral
periventricular hyperintense lesions on T2 and FLAIR with no restriction on diffusion sequences.

Meningioma: 3 cases (2.5%) revealed MRI features of meningioma. One of the case showed falcine
meningioma (Fig: 7) with invasion of superior sagital sinus causing thrombosis, significant
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perilesional oedema and mass effect. Two other cases (Fig: 6a & 6b) showed left fronto parietal
convexity meningioma and left anterior frontal concexity meningioma respectively.

According to Lieu AS1, Howng SL et al, in a retrospective study of a 222 surgically treated
meningiomas, it was found that 26.6% of the patients presented epilepsy as their initial symptom. In
this group, surgical excision of the intracranial meningiomas stopped the epilepsy in about 62.7% of
the patients.

Tuberous Sclerosis: Two patients with clinical diagnosis of tuberous sclerosis (Figures 2a,2b & 2c)
underwent MR neuroimaging. Axial T2ZW and FLAIR MR showed multiple hyperintense cortical/sub
cortical tubers beneath the exepanded gyri, suggestive of cortical/subcortical tubers. T2ZW & FLAIR
axial MR also showed multiple hypointense subependymal nodules & band like white mtter
hyperintensities adjacent the body of lateral ventricle.

One patient showed focal lacunae like cysts in the right parasagital region in axial FLAIR MR
images. also showed. No mass effect or perilesional edema.

Katarzyna Kotulska, et al., retrospectively reviewed thirty-three children with TSC who
underwent excisional epilepsy surgery at Miami Children’s Hospital to study the predictors of
seizure-free outcome after epilepsy surgery for pediatric tuberous sclerosis complex.

Focal Cortical Dysplasia: In the present study, there are two cases (1.6%) (Figure 9) showing MR
features of cortical dysplasia who presented with epileptic seizures episodes. Coronal FLAIR MR
showed, focal cortical/sub-cortical hyperintensities.

Nadia Colombo et al., reviewed the MR data of 49 patients treated surgically for intractable
partial epilepsy, who received a histologic diagnosis of Focal cortical dysplasia (FCD). The study
concluded that a provisional MR diagnosis is important for presurgical investigations and surgical
planning and may have prognostic implications.

Hypoxic Ischemic Encephalopathy (HIE): Two children who presented with epilepsy showed
features of hypoxic ischemic encephalopathy on MR imaging , with increased signal intensity in the
ventrolateral thalami and perirolandic cortex bilaterally with low signal intensity on corresponding
apparent diffusion coefficient(ADC) maps.

Nodular Hetrotopia: One of the patients showed MRI appearance of Subependymal heterotopia
(SEH). Round to ovoid subependymal nodules, located beneath the ependymal lining of the lateral
ventricles and protruding mildly into its lumen, resulting in an irregular ventricular outline. The
number and size of heterotopia varied from small nodules to a thick layer of coalescent nodules of
gray matter lining the lateral ventricles. The nodules were isointense to the cortical gray matter on all
MRI sequence.

Ragab H Donko et al, studied 20 patients with ages ranged from 9 months to 39 years. All
patients suffered from epileptic seizures. According to the location of heterotopia, patients were
classified into three groups: subependymal, sub-cortical and band heterotopia. It was concluded from
the study that MRI was useful in diagnosing and differ-entiating between various types of gray matter
heterotopia, and its extent is use-ful for management planning and predicting prognosis.
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Arnold Chiari Malformation- Type 1: MRI brain of a 53 year old lady, who presented with history of
seizures, showed peg like descent of the cerebellar tonsils ~9mm, favouring the diagnosis of Arnold

Chiari Malformation Type 1. There was no evidence of associated brainstem compression/syrinx.

According to Granata T1, Valentini LG, in patients with Chiari malformation type 1 (CMI),
epileptic seizures are occasionally reported both in symptomatic patients candidate to surgery and in
patients without symptoms of tonsillar displacement. In both groups of patients, the course of
epilepsy is almost invariably favorable, with a few seizures easily controlled by treatment.

Dyke Davidoff Maison Syndrome: In present study, the T2ZW & FLAIR axial MR shows left sided
hemiatrophy , hypoplasia of the left thalamus & lentiform nucleus with white matter hyperintensity
with midline shift to left and dilatation of ipsilateral lateral ventricle in a 7 year old boy (figure 4)
with seizures, features favoring the diagnosis of Dyke Davidoff Maison syndrome.

Neurocysticercosis: MRI brain of one patient showed evidence of neurocysticercosis (NCC). It
showed features of parenchymal form of NCC, with few ring enhancing lesions in cerebral
hemispheres. Lesions showed T1 hypointensity and T2 hyperintensity contents. Few lesions showed
perilesional edema. Most of lesions seen in parietal lobe and some show cystic signals.

TR Velasco et al, evaluated 512 patients of intractable epilepsy and concluded that isolated NCC was
found in eight patients (1.56%).

Metastasis: 62 year old lady, a known case of Bronchogenic Carcinoma, presented with history of a
single episode of seizure. Following this the case was evaluated with CT and MRI brain. On MRI
(Figures 5), there was the lesion, which was hypointense on T1W, hyperintense on T2W images with
surrounding perilesional edema, mass effect & post contrast enhancement. These features were
favoring brain metastasis, in view of the primary lung carcinoma.

Earnest F 4th et al.,, assessed the accuracy of screening magnetic resonance (MR) imaging in
identifying occult metastases, and to determine the effectiveness of a high dose of MR contrast
material. Twenty-nine patients suspected of having non-small cell lung cancer (NSCLC) localized to
the lung or regional nodes underwent preoperative MR imaging with contrast material enhancement
for detection of brain metastasis.

CONCLUSION: Assessment of the patient presenting with seizures, is a common problem in clinical
practice. MR imaging plays a pivotal role in the evaluation of patients with seizures.

Accurate diagnosis of the cause of seizure is crucial for finding an effective treatment. MRI has been
shown to be highly sensitive and specific in identifying the underlying pathology in seizures. With its
high spatial resolution, excellent inherent soft tissue contrast, multi-planar imaging capability and
lack of ionizing radiation, MR imaging has emerged as a versatile tool in the evaluation of patients
with seizures.

MR imaging not only identifies specific epileptogenic substrates, but also determines specific
treatment and predicts prognosis. Employing appropriate imaging protocols and reviewing the
images in a systemic manner helps in the identification of subtle epileptogenic structural
abnormalities.
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This study was carried out in 120 patients presenting with seizures who underwent magnetic
resonance imaging to evaluate the spectrum of findings, various etiologic factors for seizures, and the
most common imaging abnormality.

In our study Mesial temporal sclerosis (17%), cerebral infarct with gliosis (8%), meningioma
(3%), hypoxic ischemic encephalopathy (2%), cortical dysplasia(2%), tuberous sclerosis (2%)
constitute the main etiological factors other being nodular heterotopia (1%), NCC (1%), metastasis
(1%), Dyke Davidoff Maison syndrome(1%), Arnold Chiari Malformation (1%).

The most common abnormality seen in this study was Mesial temporal sclerosis. The three
primary findings of MTS seen on MRI were hyperintensity on T2W & FLAIR images (70.6%), loss of
hippocampal architecture (47.1%) and small atrophic unilateral hippocampus (52.9%).

MR imaging is superior neuroimaging with no radiation exposure and could be the first
investigation of choice in epileptic syndrome, acute cerebrovascular disease with seizure,
developmental cortical malformations, and vascular malformations. Its ability in identifying subtle
lesions, location, extent of the lesions and amount of findings are excellent.

Hence we conclude that MRI brain with dedicated seizure protocol plays a significant role in
patients presenting with seizures, to confirm or rule out any organic or developmental lesions.
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