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SYNOPSIS

The proper imaging evaluation of an Epilepsy patient however requires an epilepsy
protocol MRI. Advanced MR imaging with ASL is a very useful adjunct in localization of the
epileptogenic focus. The most common cause of mesial temporal epilepsy is Hippocampal
sclerosis. The term Mesial Temporal sclerosis is more apt than Hippocampal sclerosis as the
changes on histopathology and imaging are also seen to involve the rest of the mesial
temporal lobe. These changes are also seen to extend in some patients into the anterior
temporal pole and the lateral Temporal neocortex. The objectives of this study are to identify
the T2, FLAIR and ASL MR imaging correlates of the histopathological changes in the
Amygdala and Temporal neocortex in Mesial Temporal sclerosis, and to find the clinical and

electrophysiological correlates of these changes.

This was a cohort study with prospective and retrospective arms. The retrospective
arm was included 88 patients, and the prospective arm included 19 patients after fulfilling the
inclusion criteria. They were divided into three groups based on the imaging findings in T2,
FLAIR sequences. 63 patients were included in the mesial temporal sclerosis with neocortical
changes group, 37 patients in the mesial temporal sclerosis without neocortical changes group
and 7 controls. The clinical history, semiological features and electroencephalography
findings were compared between the groups with and without neocortical temporal changes.
The imaging data was analyzed and compared in four separate regions of the temporal lobe-
the Hippocampus, the Amygdala, the anterior Temporal pole, and the Temporal neocortex.
The corresponding histopathological data was compared in three regions- the Hippocampus,

the Amygdala, and the Temporal neocortex.

There was no significant difference in the age, gender, presence of antecedent,
duration of epilepsy and seizure frequency between the two groups (P>0.05). The age of
onset of habitual seizures was earlier in the group with neocortical temporal changes, and this
difference was statistically significant (P=0.049). On analysis of semiological features and
electroencephalography, the group with neocortical temporal changes showed a higher
incidence of neocortical epileptogenesis (P<0.001). Within the group with mesial temporal
sclerosis and neocortical temporal changes, there was a statistically significant difference in
the perfusion abnormality on qualitative analysis of ASL images between patients with
neocortical epileptogenesis and those without (P=0.015). Histopathological analysis revealed

the presence of diffuse astrogliosis in all patients, myelin loss in some patients and dysplasia

XX



in a few patients. All patients with dysplastic changes in the temporal neocortex belonged to
the neocortical temporal changes group and showed abnormality on qualitative analysis of
ASL images.

The abnormality in the anterior temporal pole and temporal neocortex in mesial
temporal sclerosis patients represents a continuum of changes outside the mesial temporal
lobe. Presence of corresponding abnormality on ASL can predict neocortical epileptogenesis
in patients with neocortical changes. MRI cannot predict the underlying histopathological
make up. However, ASL sequence may be useful in predicting the presence of dysplastic
neocortex. Preoperative prediction of this fact may be of significance in the treatment
planning.

XXI



Introduction

1. INTRODUCTION

The international league against epilepsy (ILAE) emphasizes on classification
of seizures based on onset, which could be focal or generalized (Fisher, Cross,
D’Souza, et al., 2017). When epilepsy is focal in onset, the goal of evaluation is to
search for an underlying substrate which could be amenable to surgery in cases with
pharmacological resistance (Schuele, 2019). The tools in the armamentarium for
evaluation of epilepsy include semiological evaluation, electroencephalography
(EEG), and imaging. Seizure semiology plays a simple and cost-effective role in the
characterization of a seizure and the preliminary localization of underlying substrate
(Jan and Girvin, 2008). Electrophysiological evaluation with EEG and Imaging with
Magnetic resonance imaging (MRI) are vital in the presurgical evaluation of epilepsy.
Computed tomography (CT) scan or a routine MRI (Magnetic resonance imaging) of
the brain may suffice for a suspected acute symptomatic seizure but proper imaging
evaluation of epilepsy requires an MRI Brain acquired in epilepsy protocol (Chen and
Koubeissi, 2019; von Oertzen, 2002). Advanced MR imaging, with arterial spin
labelling (ASL), an MR perfusion technique has become a valuable addition to
structural MRI in the evaluation of epilepsy (Nagesh et al., 2018). The presurgical
evaluation of focal onset epilepsy depends on the concordance between the clinical,
electrophysiological, and imaging data (Rathore and Radhakrishnan, 2015). Positron
emission tomography (PET) acts as a problem-solving modality in cases with
discordance between the Clinico-electrophysiological and MRI data (Rathore and
Radhakrishnan, 2015).

Temporal lobe epilepsy (TLE) which involves unprovoked seizures originating
from the temporal lobe consists of Mesial Temporal lobe epilepsy (MTLE) and
Lateral or neocortical Temporal lobe epilepsy (NTLE) (Ong and Department of
Medicine, Faculty of Medicine, University of Malaya, Kuala Lumpur, Malaysia,
2019). The causes of TLE include Hippocampal sclerosis (HS), malformations of
cortical development or dysplasias, neoplastic lesions, vascular malformations,
sequelae to previous insults, inflammatory and infective processes (Al Sufiani and
Ang, 2012). Mesial Temporal epilepsy is more common than lateral Temporal

epilepsy accounting for more than 65% of the cases of TLE (Ong and Department of
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Medicine, Faculty of Medicine, University of Malaya, Kuala Lumpur, Malaysia,

2019). It is also the most common cause of focal epilepsy (Sanon et al., 2012).

The commonest underlying pathological substrate for MTLE is HS (Sanon et
al., 2012). Although the exact etiology is still unclear, antecedents like perinatal
insults, status epilepticus and a history of febrile seizures in the past have been linked
to HS (Liu et al., 1995). The mechanism is hypothesized to involve excitotoxicity at
the hippocampus due to neurotransmitters like Glutamate in a developing brain,
leading to the establishment of an epileptogenic substrate (Liu et al., 1995).
Pathologically, Hippocampal sclerosis consists of neuronal loss and gliosis in all the
sectors of the Hippocampus, most commonly in CA (Cornu Ammonis) 1 and CA4 (Al
Sufiani and Ang, 2012). The term Mesial Temporal sclerosis (MTS) is more
appropriate than HS as this pathology is often seen extending into adjacent structures
like the Amygdala and the Dentate gyrus (Al Sufiani and Ang, 2012). In addition, it
has been observed on imaging as well as on histopathological specimens that there are
widespread changes involving the anterior temporal lobe and the lateral temporal
neocortex in MTS patients (Mitchell et al., 2003; Thom et al., 2009). However, the
pathological substrate for these imaging abnormalities and their clinical significance

remains largely undefined.

There are hardly any studies in the literature utilizing advanced MR sequences
like ASL in conjunction with conventional sequences like T2 and FLAIR in the
evaluation of the temporal neocortex in patients with MTS. There are also very few
studies that have comprehensively assessed the clinical, semiological, EEG, imaging,
and histopathological findings in MTS patients with neocortical changes. The purpose
of this study was to identify the advanced MR imaging correlates of neocortical
changes and determine their clinico-electrophysiological, and histopathological

features.
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AIMS AND OBJECTIVES:

Null Hypothesis:

MRI-Brain cannot differentiate between the various types of histopathological

changes in the temporal neocortex in patients with MTS
Aims and objectives:

1. Identification of the T2, FLAIR and ASL MR imaging correlates of
histopathological changes in Amygdala and Temporal neocortex in Mesial
Temporal sclerosis.

2 Identification of the clinical and electrophysiological correlates in MTS
patients with neocortical Temporal changes.
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2. LITERATURE REVIEW

A seizure is defined as abnormal sudden, synchronous, excessive electrical
activity in the brain leading to transient clinical manifestations (Fisher et al., 2005).
Epilepsy is defined as occurrence of two or more unprovoked seizures more than 24
hours apart or, as the high likelihood (more than 60 percent) to have another seizure

after having a first one (Fisher et al., 2014).

Classification of seizures and epilepsy

The ILAE 2017 seizures and epilepsy classification consists of three levels:
1) seizure type,

2) epilepsy type, and

3) epilepsy syndrome.

The emphasis is on the onset of seizure. The first level, the seizure type can be
classified as focal onset, generalized onset, or unknown onset. Focal seizures consist
of abnormal discharges originating from a specific region of the brain before
spreading along neuronal networks in one hemisphere, while generalized seizures
consist of electrical discharges starting simultaneously from both the cerebral
hemispheres (Fisher, Cross, French, et al., 2017). Unknown onset seizures are those
that cannot be determined as focal or generalized due to lack of clinical or EEG
evidence. The second level, epilepsy type, is also classified along similar lines.
Additionally, epilepsy type can also be combined generalized and focal onset. The
third level, epilepsy syndrome consists of a specific seizure type or types with
consistent semiological features with associated characteristic findings on EEG
(Scheffer et al., 2017; EC Wirrell et al., 2022).

Focal onset seizures or epilepsies can be motor or non-motor, can be
associated with retained or impaired awareness. They can also be focal to bilateral
tonic-clonic seizures, which is the newer terminology for the presence of secondary
generalization (Fisher, Cross, D’Souza, et al., 2017). The classification also
emphasizes on the determination of the cause of seizure and etiology of epilepsy for
SCTIMST, Trivandrum 4
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proper prognostication and management (Fisher, Cross, French, et al., 2017; Scheffer
et al., 2017). Etiology of epilepsy may be structural, genetic, infectious, metabolic,
immune- mediated, or unknown. Focal onset epilepsy due to an underlying
anatomical or pathological substrate is called as symptomatic localization related
epilepsy (SLRE) (Nagesh et al., 2018).

Focal onset epilepsy

Description of a focal onset seizure as motor or non-motor depends on the first
symptom in the semiology, called as ‘rule of the first’ (Fisher, Cross, French, et al.,
2017; Fisher and Bonner, 2018). Loss of awareness is said to be present, if the
patients lose their awareness at any point during the seizure. Focal seizures may
originate in the Frontal, Temporal, Parietal, Occipital lobes, Insular region, or the
Cingulate gyrus (Chowdhury et al., 2021). There are various zones of
neuroparenchyma that are conceptualized in focal epilepsies. An ‘Epileptogenic lesion
(EL)’ is the macroscopic lesion that is visible on the MRI responsible for the focal
onset epilepsy (Chowdhury et al., 2021). The ‘Seizure onset zone (SOZ)’ is the region
of cortex responsible for the origin of seizures. The ‘Epileptogenic zone (EZ)’ is
needed for the seizurogenic potential. EZ can generate epileptiform discharges even in
the absence of SOZ. This zone is to the target of resection or disconnection during
epilepsy surgeries. The ‘symptomatogenic zone (SZ)’ is initially activated by the
epileptiform discharges. It is responsible for the initial manifestations of the ictal
semiology. It usually constitutes eloquent neuroparenchyma. The SZ is usually
adjacent to the EZ but this may not always be the case and there may be no overlap
between the two. The ‘Irritative zone (IZ)’ is the cortical area producing the
epileptiform discharges on inter-ictal EEG. The ‘functional deficit zone (FDZ)’ is the
region of the cortex with abnormal functionality in the interictal period (Rosenow and
Luders, n.d.).

The ictal semiology refers to the chronological description of the signs and
symptoms that occur during the evolution of a seizure (Alim-Marvasti et al., 2022).
Interpretation of the seizure semiology has value in lateralization and localization of
the symptomatic zone and consequently, the epileptogenic zone (Rossetti and Kaplan,
2010).
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Focal seizures are more common than generalized onset seizures in both
children and adults (Beghi, 2020). Focal epilepsies constitute about 60% of all
epilepsies (Perucca, 2018). Focal epilepsies in children may be divided into those with
known causes, those with unknown causes and those that have a constellation of
clinical and EEG features, called as focal epilepsy syndromes (Nascimento et al.,
2023). Known causes may be developmental structural causes like malformations of
cortical development, acquired structural causes like perinatal brain injuries and HS,
metabolic derangements due to inborn errors of metabolism, infectious or immune
mediated/inflammatory pathologies. The etiological spectrum of focal epilepsies in
adults is also similar (Nascimento et al., 2023). The most common site responsible for

focal epilepsies is the temporal lobe (Al Sufiani and Ang, 2012).
Seizure and epilepsy evaluation

When a patient presents with a new-onset paroxysmal episode, the first step is
to confirm of the occurrence of a seizure and not a seizure mimic (Gavvala and
Schuele, 2016). History of provoking factors and clinical findings on preliminary
examination are important (Schuele, 2019). Emergent imaging should be carried out
in patients suspected of acute symptomatic seizure. An EEG is also done to look for
epileptiform discharges (Chen and Koubeissi, 2019). Other facets of evaluation

include routine blood investigations and a lumbar puncture in select cases.

If the patient has recurrent seizures, or is identified as having the tendency to
have recurrent seizures, falling into the definition of epilepsy, a comprehensive
evaluation for the underlying etiology of epilepsy needs to be carried out, including an
epilepsy protocol MRI, usually on an elective basis (Bernasconi et al., 2011; Schuele,
2019; von Oertzen, 2002). Detailed elucidation of the clinical history and seizure
semiology has great value not only in confirming that the recurrent events are
seizures, but also in their characterization and classification (Jan and Girvin, 2008;
Schuele, 2019). The tendency to have epilepsy is determined by the presence of inter-
ictal epileptiform abnormality on EEG or a structural lesion on MRI (Schuele, 2019).
The chances of demonstrating an inter-ictal EEG abnormality increases with the
duration of the recording (Faulkner et al., 2012). A prolonged video-EEG (VEEG)

after admission in a dedicated epilepsy monitoring unit (EMU) is more useful for
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recording a seizure and localizing it, than inter-ictal EEG (Chen and Koubeissi, 2019).
This is very important in presurgical evaluation when there is pharmacological

resistance.

Role of imaging in seizure and epilepsy patients

Neuroimaging plays different roles in patients with new onset seizures, and in
those with epilepsy. If acute symptomatic seizure is to be suspected, as mentioned
earlier emergent neuroimaging is to be carried out (Cendes et al., 2016; Schuele,
2019). In most centers, CT-brain is the initial modality of choice, which may be
sufficient to rule out certain causes like ischemic or hemorrhagic stroke, traumatic
brain injury, neoplastic lesions, or infections. An MRI-brain with contrast is however
needed, in most cases after urgent management and stabilization (Schuele, 2019).
Routine CT or MRI brain may fail to detect more subtle structural lesions that may

make the patient predisposed to have recurrent seizures (Schuele, 2019).

Neuroimaging is recommended in all patients with epilepsy. The exception is
cases with the characteristic seizure semiology and EEG findings of a generalized
epilepsy syndrome, with adequate response to anti-seizure medication (Cendes et al.,
2016). Overall, an underlying epileptogenic lesion on neuroimaging is seen in only
20% of cases with new-onset seizures. This number rises to 50% in cases with new-
onset focal seizures (Schuele, 2019). The chance of seizure remission with anti-
epileptic drugs (AED) is greater when neuroimaging does not reveal an epileptogenic
lesion (Nascimento et al., 2023). Neuroimaging is also very useful in the pre-surgical
workup of patients with focal epilepsies resistant to AED (Yoo and Panov, 2019).
Presence of a structural lesion on MRI confers a favorable outcome after surgery
(Nascimento et al., 2023). The ILAE recommends that MRI is to be repeated in
epilepsy patients, if the previous MRI was not acquired as per protocol. MRI is also to
be repeated in children with focal epilepsy if a previous lesion-negative MRI was

performed before one year of age (Bernasconi et al., 2019; Nascimento et al., 2023).
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Epilepsy protocol MRI:

The rate of lesion detection in focal epilepsies also depends on the acquisition
protocol and the experience of the neuroradiologist interpreting the scan (von Oertzen,
2002; Wang et al, 2020). The

recommendations in epilepsy imaging (Bernasconi et al., 2019). Among these

ILAE neuroimaging taskforce has given

recommendations is the ‘Harmonized Neuroimaging of Epilepsy Structural Sequences
(HARNESS)’ protocol with three mandatory sequences and two optional sequences
(Bernasconi et al., 2019; Nascimento et al., 2023; Wang et al., 2020) (Table-2.1).

The mandatory sequences include:
1) A 3D T1-weighted sequence like the MPRAGE, BRAVO, SPGR or TFE
2) A3D FLAIR sequence

3) A coronal high resolution T2 weighted sequence perpendicular to the long axis

of the hippocampus
The optional sequences include:
1) A post-contrast 3D T1-weighted sequence
2)  Asusceptibility weighted (SWI) or a T2* gradient echo sequence (GRE)

Table-2.1: Recommended ‘HARNESS’ epilepsy protocol MRI by ILAE

Mandatory sequences Optional sequences
Sequences 3D T1| 3D FLAIR Coronal Post- SWI/T2*
weighted high contrast GRE
sequence resolution | 3D Tl
T2 spin weighted
echo sequence
Recommended | Isotropic Isotropic 0.4x0.4 x2 | Isotropic
resolution voxels, voxels, mm. 2D voxels,
Ix1x1 mm 1x1x1 mm images. 1x1x1 mm
with no with no with no
interslice interslice interslice
gap gap gap
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The 3D sequences have isotropic voxels with an individual voxel size of 1
mm?3. This enhances the grey-white matter differentiation and increases the ability for
detection of smaller lesions. The coronal high resolution T2W sequence has a very
good in-plane resolution and exquisitely demonstrates the internal architecture of the
hippocampus. The post-contrast MRI permits detection of leptomeningeal
enhancement or intra-axial enhancing lesions (Nascimento et al., 2023). This
sequence is particularly important when there are new-onset seizures in adults as there
is a relatively increased possibility of the presence of an underlying neoplastic lesion
(Englot et al., 2016; Kaur et al., 2018; Nascimento et al., 2023). SWI or T2* GRE is
useful for the detection of lesions with blood products and calcifications. ILAE
recommends that the epilepsy protocol MRI be done with 3T MRI machines although
these sequences can be acquired with 1.5T MRI as well (Bernasconi et al., 2019;
Nascimento et al., 2023).

Even with proper acquisition protocols, the interpretation is crucial. This is to
be done by an experienced neuroradiologist in the context of the clinical localization
and the electrophysiological impression. A previous study has shown that the
sensitivity of standard MRI reports by a non-expert radiologist for localization of the
source of focal onset epilepsies was 39%. This rose to 50% when the interpretation
was by an expert radiologist. When a dedicated epilepsy-protocol MRI was
interpreted by an expert radiologist, the sensitivity increased to 91%. About 85% of
the patients, whose initial standard MRI was non-lesional, showed epileptogenic

lesions in epilepsy protocol MRI (Schuele, 2019).
Arterial spin labeling (ASL):

ASL is a novel MR perfusion technique, that does not require the
administration of exogenous contrast agents. The procedure involves magnetically
tagging or labeling the arterial blood at the neck and acquisition of images, as this
blood reaches the brain capillaries. The images called tagged images are acquired
after the labeling process, after the certain delay called the post-labeling delay.
Another set of images, called as control images are also acquired, without the tagging

process. This is followed by post-processing, consisting of subtraction of labeled
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images from control the images, to generate perfusion weighted images and cerebral
blood flow (CBF) maps of the brain (Ferré et al., 2013).

The main advantage of ASL is its usage of an endogenous tracer that is freely
diffusible across membranes. The main disadvantages are the inherently low signal to
noise ratio (SNR) in the images due to the small quantity of tagged blood and a small
difference in signal in the control and labeled images, and an increased scan time for
repeated acquisition of two sets of images, to compensate for the poor SNR. This
increased scan time also leads to increased chance of motion artifacts in the final
image (Alsaedi et al., 2018).

There are three types of ASL sequences based on the labeling methods used.
These include, the continuous ASL (CASL), pulsed ASL (PASL) and the pseudo
continuous ASL (PCASL). In CASL, the continuous labeling radio frequency pulse
lasts from 2 to 4 seconds. Although CASL has the advantage of higher SNR, it is
associated with a high specific absorption ratio (SAR). It also has increased
susceptibility to magnetization transfer effects, which can lead to further reductions in
the SNR. PASL employs short labeling pulses. It is associated with low specific
absorption ratio but also suffers from low SNR. PCASL is a compromise between
CASL and PASL. Labeling is done with a train of radiofrequency pulses, to reduce the
specific absorption ratio and magnetization transfer effects while also keeping the
SNR high. The location of the labeling plane in PASL is located 2-4 cm below the
inferior most slice of the acquisition volume, while in CASL and PCASL, this is 5-10
cm below the inferior most slice. Currently, 3D-Spin and Gradient echo-based stack
of spirals readout techniques are used, that oversample the center of the K-space to
increase the SNR. PCASL is the most used technique in the clinical setting (Ferré et
al., 2013).

ASL has great value in epilepsy imaging. It has been shown to be useful for
estimation of the EZ in SLRE (Nagesh et al., 2018). Imaging with ASL in epilepsy
works on the principle of neurovascular coupling, i.e., increase in neuronal activity
leads to a corresponding increase in the regional CBF (Huneau et al., 2015).
Neurovascular coupling has been shown to be intact in the EZ (Stefanovic et al.,

2005). ASL can therefore help in localization by showing interictal hypoperfusion and
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peri-ictal hyper perfusion in the regions encompassing the EZ, the FDZ and the SZ
(Nagesh et al., 2018). ASL alone has been shown to have a sensitivity of up to 70%
for localization, as compared to the 90% sensitivity of clinico-electrophysiological
evaluation (Kim et al., 2016, 2021). Therefore, ASL adds value when used in concert
with semiological features, EEG, and structural MRI (Nagesh et al., 2018). There are
certain pitfalls that need to be circumvented when using ASL in epilepsy. ASL images
acquired in the peri-ictal period after a prolonged seizure, may show elevated CBF
non-specifically in the hippocampus, irrespective of the location and focal or
generalized onset of the seizure. Interval imaging may be used to monitor the
development of hippocampal sclerosis (Nagesh et al., 2018). Peri-ictal ASL also
shows increased CBF along the direction of seizure propagation, a phenomenon
analogous to the clinical jacksonian march (Takahara et al., 2018). Apart from seizure
related perfusion alterations confounding the localization, ASL may also show altered
perfusion due to the underlying pathological process like infection or a neoplastic
lesion, independent of the hemodynamic changes associated with the seizure itself
(Amukotuwa et al., 2016; Haller et al., 2016). Interpretation in concert with structural
MRI, including post-contrast sequences can help in this regard. Artifacts during
labelling, acquisition, or readout processes of ASL images can also give rise to areas
of spurious alterations in CBF (Amukotuwa et al., 2016; Jaganmohan et al., 2021).
Areas of spuriously low CBF in a part of the brain parenchyma can be present in the
arterial border zones, as a result of tortuous neck vessels and magnetic inhomogeneity
at the tagging plane, abnormal tilt, flexion, or extension of the patient’s head, in the
upper most slices of the brain or due to magnetic susceptibility artifacts at a specific
location in the imaging plane. Diffusely reduced signal in the brain parenchyma may
be present as a result of acquisition of ASL images after administration of gadolinium-
based contrast agents due to T1 shortening of the labeled blood. Spuriously elevated
signal may be intravascular, and is not to be confused with elevated CBF in the
cerebral cortex, especially if the arterial transit time is higher than the post labeling
delay selected. Spurious elevation in cortical CBF can also occur in the occipital lobes
and in medial frontal regions. In most cases, a knowledge about the mechanisms and
sources of these signal abnormalities can help circumvent them, or consider them
while interpretation in epilepsy cases (Amukotuwa et al., 2016; Jaganmohan et al.,
2021).
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Magnetic resonance spectroscopy, Diffusion tensor imaging (DT1) and fMRI:

Magnetic resonance spectroscopy (MRS) non-invasively measures certain
metabolites in the tissues including the brain (Cendes et al., 2016). Proton MRS has
shown value in localization of epileptogenic focus (Cendes et al., 2002; Thompson et
al., 1998). This is because of changes in metabolites like elevation in lactate and
reduction in NAA. In extratemporal focal onset epilepsy, these changes were seen
with focal cortical dysplasias and polymicrogyria while MRS showed no significant
abnormality with heterotopias (Cendes et al., 2002). A major limitation of MRS is bias

due to limited sampling of neuroparenchyma.
MRI post-processing:

MRI post-processing may help, when the visual analysis is equivocal. Post-
processing techniques may be used to perform quantitative analysis of various
features like the T2-signal intensity of the hippocampus in the form of T2-relaxomtery
or measurement of cortical thickness using voxel-based morphometry (Whitwell,
2009; Winston et al., 2017).

PET:

Positron emission tomography (PET) is useful as problem solving modality
(Cendes et al., 2016; Ponisio et al., 2021). The hypometabolic area in the inter-ictal
PET corresponds to the FDZ in focal epilepsy (Rosenow and Luders, n.d.).
Coregistration with MRI with PET data or simultaneous acquisition of PET and MRI
can further assist in localization (Ehman et al., 2017). The outcomes after surgery for
focal onset epilepsy in patients who are lesion negative on MRI but show
hypometabolism on PET are comparable to those patients with clearly demonstrated
lesions on MRI (Carne et al., 2004; Cendes et al., 2016).

SPECT:

Single photon emission computed tomography (SPECT) done during or
immediately after a seizure shows increased CBF in the SOZ (Cendes et al., 2016).

Post-processing of SPECT by subtraction of ictal and interictal images and co-
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registration with MRI (SISCOM) has been shown to be more sensitive in the focal

epilepsies compared to SPECT alone (Foiadelli et al., 2020).
Pre-operative evaluation of epilepsy

In epilepsy patients, pharmacological resistance in epilepsy is defined as
‘failure of adequate trials of two tolerated and appropriately used AEDs to achieve
sustained seizure freedom.” An AED is considered effective, if the sustained seizure
freedom lasts at least for one year or thrice the longest interval between seizures
before treatment (Yoo and Panov, 2019). Surgery is considered in these focal epilepsy
patients. Various studies have shown good efficacy of surgery for drug resistant
epilepsy (Dwivedi et al., 2017; Stockman, 2013; Wiebe, 2001). Pseudo drug
resistance is to be ruled out before a patient is evaluated for epilepsy surgery
(Brodtkorb et al., 2016; Nascimento et al., 2023). The goal of pre-surgical evaluation
in epilepsy is to delineate the possible extent of EZ, so that it can be resected or

disconnected (Jehi, 2018; Rosenow and Luders, n.d.).

Drug resistant TLE due to MTS is the commonest substrate for resection
(Boling, 2018). A successful outcome not only depends on the completeness of
resection of the EZ but is also a fine balance between the extent of resection and
sparing of eloquent neuroparenchyma (Al-Otaibi et al., 2012). The EZ itself cannot be
delineated directly by most modalities and does not have clear anatomical boundaries.
It must be inferred by concordance between the other zones (Rosenow and Luders,
n.d.).

The main primary tools in the pre-surgical assessment of epilepsy include
analysis of seizure semiology, EEG, neuropsychology, and neuroimaging with MRI
(Nascimento et al., 2023; Rosenow and Luders, n.d.). PET is a problem-solving tool
in MRI-negative and discordant cases as discussed early (Cendes et al., 2016; Ponisio
et al., 2021). Clinical history localizes the symptomatogenic zone, neuropsychological
assessment, inter-ictal PET- the FDZ, interictal EEG-the irritative zone, the ictal scalp
EEG, ictal SPECT- the ictal onset zone and structural MRI-the epileptogenic lesion
(Rosenow and Luders, n.d.). MR perfusion with ASL may demonstrate abnormality,
in the EZ, SZ and the FDZ (Nagesh et al., 2018). fMRI and cortical stimulation are
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useful for mapping out the eloquent functional areas adjacent to the possible area of
resection and DTI is useful for visualizing important white matter tracts in the vicinity
of this region (Leon-Rojas et al., 2021; Pittau et al., 2014; Szaflarski et al., 2017).
Finally, post-operative neuropathological assessment of the resected specimen
completes this evaluation (Blumcke et al., 2017).

Temporal lobe epilepsy and mesial temporal sclerosis

The temporal lobe consists of the three-layered archicortex in the
hippocampus and parahippocampal gyrus and a six layered neocortex in the superior,
middle, inferior temporal gyri, and the fusiform gyrus (Al-Otaibi et al., 2012;
Khashper et al., 2014). The anterior temporal pole is the anterior most part of
temporal lobe, with a boundary at its posterior limit formed by a line drawn, laterally

from the limen insulae (Herlin et al., 2021).
Classification of temporal lobe epilepsy:

TLE is defined as focal onset unprovoked seizures originating in the temporal
lobe. It is mainly classified into mesial temporal lobe epilepsy (MTLE) and lateral
temporal lobe epilepsy or neocortical temporal epilepsy (NTLE) (Ong and
Department of Medicine, Faculty of Medicine, University of Malaya, Kuala Lumpur,
Malaysia, 2019). MTLE is more common than NTLE and accounts for more than
two-thirds of the cases. The term temporal-plus epilepsy is used, when the EZ extends
beyond the boundaries of the temporal lobe, to the neighboring structures including
the insula, the opercular cortex, temporoparietal cortex and the
temporoparietooccipital junction (Kahane et al., 2015; Toro-Perez et al., 2020). The
temporal pole is a vital part of the temporal epileptogenic networks. The seizures
originating from the anterior temporal pole may be hyper motor, or exhibit
semiological features suggestive of mesial temporal seizures on account of the high
intrinsic connectivity of the anterior temporal pole to the orbitofrontal region in
addition to the insular and mesial temporal regions (Chabardes et al., 2005; Staack et
al., 2011; Zhang et al., 2022).
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Epidemiology:

The commonest cause of drug resistant epilepsy leading to surgery is TLE
(Boling, 2018). In a published study consisting of 2200 epilepsy patients, 62.2 percent
of them had SLRE. 66 percent of these cases had TLE (Semah et al., n.d.). Another
study 291 patients who were operated for epilepsy resistant to Anti-epileptic drugs
(AEDs), and 73 percent of these had TLE (Wass et al., 1996).

Etiology:

HS is the commonest cause of MTLE. The exact etiopathogenesis is still
unclear. Retrospective studies show a high incidence of antecedents like perinatal
insults, febrile seizures, status epilepticus, trauma and intracranial infections usually
occurring before the age of 5 years (Compiled by Heinz-Gregor Wieser for the ILAE
Commission on Neurosurgery of Epilepsy, 2004; Liu et al., 1995). Although no direct
genetic factors are known, patients with the genetic predisposition for febrile seizures,
may develop HS if they have prolonged seizures (Abou-Khalil et al., 2001). Familial
MTLE patients have been observed to have increased incidence of HS. The genetic
defect causing MTLE may subsequently lead to the HS (Kobayashi et al., 2002). In
experimental studies, sodium channel defects in mice have been shown to cause HS
(Kearney et al., 2001).

Pathogenesis:

There are no prospective studies to demonstrate the relationship of HS to the
suspected antecedents. There are several theories that have been hypothesized for the
pathogenesis of HS. Most of these suggest the role of glutamate excitotoxicity and
mitochondrial dysfunction as a result of the antecedents leading to neuronal loss in the
hippocampus. But the pathways that lead to the neuronal loss have not been defined
(Compiled by Heinz-Gregor Wieser for the ILAE Commission on Neurosurgery of
Epilepsy, 2004). A few studies have suggested that HS may be a developmental
disorder. This hypothesis was based on the histopathological findings of persistent
Cajal-Retzius cells, compromised reelin signaling pathways, presence of
extrahippocampal white matter neurons and the incidence of dual pathology in
patients with HS (Kaper et al., 1999; Bocti et al., 2003; Compiled by Heinz-Gregor
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Wieser for the ILAE Commission on Neurosurgery of Epilepsy, 2004; Haas et al.,
2002; Md et al., 2006). A few studies have suggested that the immature developing
brain, when subjected to an insult is susceptible to the development of HS (Blumcke
et al.,, 2001; Compiled by Heinz-Gregor Wieser for the ILAE Commission on
Neurosurgery of Epilepsy, 2004; Rossetti and Kaplan, 2010). Various other studies
have suggested that multiple acquired factors may be required leading to a double or a
triple hit, where, the first hit like a seizure in febrile illness may lead to persistence of
immature features in the brain while a second insult establishes the HS phenotype
(Compiled by Heinz-Gregor Wieser for the ILAE Commission on Neurosurgery of
Epilepsy, 2004). Astrogliosis that occurs in HS is believed to be responsible for

glutamate imbalance leading to seizure generation (Al Sufiani and Ang, 2012).
Pathology:

According to ILAE, HS on histopathology consists of loss of pyramidal
neurons from any sector of the Hippocampus, with associated astrogliosis. The
neuronal loss and astrogliosis predominantly occurs from the CA1 and CA4 regions
(Blimcke et al., 2013; Compiled by Heinz-Gregor Wieser for the ILAE Commission
on Neurosurgery of Epilepsy, 2004). HS is also classified as types 1, 2 and 3
depending on the identification of the sector most effected by the neuronal loss and
the astrogliosis. In this classification, the neuronal loss may also be classified semi-
quantitatively as moderate and severe. Type 1 consists of neuronal loss mainly in the
CA1 and CA4 regions. Type 2 has neuronal loss predominantly in the CAL region,
while type 3 predominantly in the CA4 region. Type 3 hippocampal sclerosis was
previously called as ‘End-folium sclerosis’ (Al Sufiani and Ang, 2012; Bliimcke et al.,
2013). HS is more aptly described as mesial temporal sclerosis (MTS) as in most
cases, the pathological changes of neuronal loss and astrogliosis extend beyond the
hippocampus into the amygdala and the dentate gyrus (Al Sufiani and Ang, 2012).
During the histopathological examination, along with the routine hematoxylin-eosin
staining, NeuN is very useful to highlight the neuronal loss, immunohistochemistry
for glial fibrillary acidic protein (GFAP) highlights the gliosis and luxol fast blue
highlights the myelin changes (Al Sufiani and Ang, 2012; Thom, 2004).
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According to ILAE, in an operated case with concordant clinico-
electrophysiological and imaging data for HS, when the post-operative
histopathological specimen demonstrating the neuronal loss and astrogliosis consists
of only the CA1 and CA4 regions, rather than the entire hippocampus, the term
‘probable hippocampal sclerosis’ may be used (Bliimcke et al., 2013). The term ‘dual
pathology’ is used to describe the co-existence of HS with a second lesion, either
within or outside the temporal lobe. Examples include neoplastic lesions, vascular
malformations, sequelae of previous insults or focal cortical dysplasias type Ila or Ilb.
The term ‘dual pathology’ is not used however, when architectural abnormalities
resembling focal cortical dysplasia type | are present in the ipsilateral temporal lobe
along with MTS. Instead, this condition is called as focal cortical dysplasia type Illa
(Blumcke et al., 2011; Poyuran, n.d.).

Clinical presentation:

Most of the patients with MTS present with habitual seizures between 4 to 16
years of age, although earlier or later presentation is possible (Compiled by Heinz-
Gregor Wieser for the ILAE Commission on Neurosurgery of Epilepsy, 2004). The
existence of a ‘latent period’ has classically been described. However, some patients
may not have a latent period and may present with habitual seizures immediately after
the precipitating event. The seizures are initially responsive to AEDs. The response
however wanes, and the seizures eventually become refractory possibly suggestive of
progression of the underlying epileptogenic pathology. Eventually, seizures become
medically refractory in 60 to 90 percentage of the patients with MTS (Compiled by
Heinz-Gregor Wieser for the ILAE Commission on Neurosurgery of Epilepsy, 2004).
MTLE and NTLE have different semiological features, although there may be an
overlap when seizures originate from either of these regions due to the presence of
interconnecting white matter tracts (Chowdhury et al., 2021; Rossetti and Kaplan,
2010).

MTS typically presents with focal onset seizures with a loss of awareness. The
seizures have a characteristic aura, behavioral arrest, loss of awareness and
automatisms. They may also have post-ictal amnesia and confusion, more commonly

than lateral temporal epilepsy. The most common aura seen in MTLE is epigastric
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sensation (Chowdhury et al., 2021). The probability of a seizure being of mesial
temporal origin, when the aura is epigastric is almost 74 percent (Henkel et al., 2002).
Other types of auras that may be seen in mesial temporal seizures include fear,
experiential phenomena like déja vu and jamais vu (Blair, 2012; Chowdhury et al.,
2021; Tufenkjian and Luders, 2012). Auras are less common in NTLE and when
present, buzzing or ringing sounds constituting elementary auditory auras are
characteristic. Vestibular auras in the form of vertiginous sensation before the onset of
the seizure may also be present. Very rarely, the auditory auras in NTLE may also be
complex like voices or songs indicating the involvement of the auditory association
areas. Auditory auras also have a lateralizing value when unilateral, to the
contralateral cerebral hemisphere (Blair, 2012; Chowdhury et al., 2021). Autonomic
features like flushing, apnea, cyanosis, ictal retching, piloerection, and tachycardia are
more commonly present in mesial temporal seizures and indicate a spread to the
amygdala. Automatisms may be bimanual like picking at clothes or fidgeting, bipedal
or oral, like lip-smacking or chewing. Rarely, automatisms may also involve ictal
speech and vocalizations. Mesial temporal seizures are longer in duration compared to
lateral temporal seizures and tend to spread to the frontal lobes less commonly
(Chowdhury et al., 2021). The frequency of conversion from focal to bilateral tonic-
clonic seizures is also lesser in MTLE relative to NTLE (Blair, 2012). Before bilateral
tonic-clonic spread in either of these seizures, there is appearance of complex motor
semiological features like head and eye aversion to the contralateral side and fencing
posture suggestive of frontal lobe spread (Chowdhury et al., 2021). MTS is also
commonly associated with psychiatric comorbidities like depression and anxiety.
Cognitive abnormalities, learning and behavioral issues may also be present (Vinti et
al., 2021).

EEG in MTS:

In the interictal EEG, unilateral anterior temporal spike and wave discharges
are more characteristic of mesial temporal epilepsy, while cases with neocortical
temporal epilepsy have paroxysmal discharges from posterior and mid temporal
regions (Vinti et al., 2021). Both MTLE and NTLE mostly have inter-ictal discharges

that are lateralized and localized to the temporal lobe. The presence of bilateral or
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multifocal IEDs in MTS patients, correlates with the presence of bilateral or diffuse
onset, on Ictal EEG and may suggest poor seizure freedom after surgery. In mesial
temporal epilepsy, ictal EEG is characterized by bilateral hypersynchronous slow
down, followed by focal theta range (5-9 Hz) rhythmic activity in the basitemporal
electrodes (Vinti et al., 2021). Neocortical temporal epilepsy is characterized by the
presence of fast beta activity (13-30Hz) over a wider distribution involving the

inferior temporal regions at ictal onset (Lee et al., 2006).
MRI in MTS:

The main MRI findings in MTS include volume loss in the involved
hippocampus associated with hyperintensity on T2, FLAIR sequences (Bronen, 1992;
Palacios Bote et al., 2008). These changes can sometimes be subtle and correlate
respectively with neuronal loss and astrogliosis on histopathology (Kuzniecky et al.,
1987). Occasionally, either one of these changes may be absent in cases with MTS.
Additional findings evaluated on T2, FLAIR sequences like hyperintensity of the
amygdala and on 3D T1 weighted images like hippocampal head flattening with a loss
of digitations and internal architecture loss can help in these cases. MTS may also be
associated with findings outside the temporal lobe on MRI. These include atrophy of
the fornix, mamillary body, cingulate gyrus, and thalamus on the side of involvement
and contralateral cerebellar atrophy (Chan et al., 1997). Quantitative imaging using
hippocampal volumetry and T2-relaxometry can help in equivocal cases and those
with bilateral involvement. Hippocampal volumetry quantifies the hippocampal
volume loss, while T2 relaxometry gives an objective measurement of the
hippocampal T2, FLAIR hyperintensity (Lee et al., 1998; Jackson et al., 1993).

MRS has also shown value in TLE (Thompson et al., 1998). Although NAA is
diffusely reduced in cases with focal onset epilepsies, it is significantly reduced in the
region responsible for ictal onset. The asymmetry of NAA/Cr ratio between the
temporal lobes could be used for lateralization with about 92 percent of the patients
(Cendes et al., 1997). Proton MRS studies have also shown recovery of NAA levels in
TLE cases ipsilaterally or contralaterally after removal of the epileptogenic zone
(Hugg et al., 1996).
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Extension of the abnormality in MTS beyond the medial temporal lobe

Various studies in MTS patients have reported the presence of
electrophysiological and imaging abnormalities beyond the medial temporal lobe
(Bluimcke et al., 2013). Abnormalities on MRI are not only seen at the anterior
temporal pole, but also involve the temporal neocortex to a variable extent (Mitchell
et al., 1999; Blumcke et al., 2013; Mitchell et al., 2003). Various studies have
described the MRI appearance of these changes as T2, FLAIR hyperintensity of the
cortex and underlying white matter, blurred grey-white differentiation, and thinning of
the cortex. Anterior temporal polar volume loss has also been described (Mitchell et
al., 2003; Mueller et al., 2009).

The anterior temporal polar abnormality was previously evaluated in 50 TLE
patients, including 36 HS patients. MRI evaluation in cases with MTS, apart from the
findings of HS revealed temporal polar volume loss. Histopathological evaluation of
the corresponding regions showed an increase in the glial cell nuclei. There was
however, no statistically significant difference in the number of glial cell nuclei
between patients with and without anterior temporal polar changes on MRI. Post-
operative outcomes between the two groups also showed no difference. The study
concluded that, these changes on imaging were not due to inflammatory or dysplastic
etiology. They also stated that, myelin abnormality rather than the gliosis was a

possible explanation for these changes (Mitchell et al., 1999).

Mitchell et al., in the year 2003 retrospectively evaluated 54 children with
MTS. They stated that, apart from involvement of the hippocampus and
parahippocampal structures, MR changes were also observed extending beyond the
temporal pole into the anterior temporal lobe in MTS. They used the term ‘anterior
temporal changes’ and found that, they were present in 57% of their patients. The side
of MTS showed no correlation with the presence of these changes. The authors also
performed follow up imaging in 7 patients with and 6 patients without these changes
and found that there was no change in the incidence or appearance of anterior
temporal changes on interval imaging. On comparison of the demographic and
clinical features, the difference was significant in the age of onset of epilepsy with

patients with anterior temporal changes presenting earlier with habitual seizures.
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There was no difference in the incidence of antecedents between the cohorts
(antecedents were seen in 87% of the patients with anterior temporal changes and in
74% without). However, the age of antecedent was lower in those with anterior
temporal changes and the difference was statistically significant. The age at the onset
of habitual seizures or the antecedent was more likely to be less than 2 years in those
patients with anterior temporal changes. Definite histopathological opinion was not
possible in the study. However, none of the resected temporal lobes showed dysplastic
changes. The authors concluded that, anterior temporal changes are likely to be
established at the initial insult itself, along with the mesial temporal sclerosis and that
earlier cerebral insult or onset of habitual seizures at less than 2 years of age are more
likely to be associated with these changes in MTS patients (Mitchell et al., 2003).

Lin et al., in the year 2007 quantitatively evaluated the cerebral cortex in MTS
patients and compared them to controls. The authors conducted a retrospective study
in 30 MTS patients and compared them to 19 controls with no MTS. Quantitative
thickness analysis and fractal analysis of the surface complexity of the temporal
neocortex was done and compared between the MTS cases and controls. It was found
that there was widespread decrease in the neocortical thickness by about 30% in cases
with MTS not only in the temporal neocortex, but also involving frontal poles, frontal
operculum, orbitofrontal region, and occipital regions. The complexity of the gyral
convolutions was also reduced in multiple lobes. A significant correlation between the
epilepsy duration and the degree of reduction in the cortical thickness. It was
concluded that these changes develop over a period due to chronic seizure
propagation and were also influenced by the initial antecedent (Lin et al., 2007).

Barba et al., in the year 2007 conducted a retrospective analysis in 80 epilepsy
patients. The authors divided the study subjects into those with temporal and temporal
plus groups based on semiological and electrophysiological features. It was found that
17 patients in the temporal plus group (77.2%) had MRI findings suggestive of MTS
and that, the groups did not show any difference in the incidence of MTS. They
concluded that, temporal plus epilepsy may be seen in MTS cases and invasive EEG
IS necessary in these cases for careful delineation of epileptogenic zone prior to
surgery (Barba et al., 2007).
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Thom et al., in the year 2009 analyzed the neocortical histopathological
changes in 272 cases with mesial temporal sclerosis. They found that, 30 cases (11%)
showed loss of neurons in the layers 2 and 3 with laminar gliosis and additional
architectural abnormalities with disordered neuronal orientation. They termed these
changes as ‘re-organizational dysplasia’ and concluded that, these changes were
established early in life, by the same insult responsible for the HS. These changes also
had a gradient, and were more present towards the anterior temporal pole. The
remaining MTS cases in the study also showed histopathological changes in the form
of preserved laminar architecture no significant neuronal loss and varying degrees of
cortical and white matter gliosis. Review of MR images after blinding and showed no
characteristic imaging findings in patients with the dysplasia. Outcome in terms of
seizure freedom after surgery also showed no difference between the groups at follow
up after 2 years. The authors deduced that; these changes occurred due to an
interruption in cortical maturation due to the same pathophysiological process
responsible for MTS (Thom et al., 2009).

Mueller et al., in 2009 conducted a retrospective study in 66 patients,
including 15 TLE patients with MTS, 16 TLE patients without MTS and 35 controls.
The authors used post processing of 3D T1 weighted gradient echo MR images
(MPRAGE) to obtain quantitative measurements of the thickness of the temporal
neocortex in their study group. They found that, there was reduced cortical thickness
in TLE patients, both with and without MTS. However, the predominant thinning was
observed in the medial and posterior temporal regions in patients with MTS, while it
was observed in the lateral temporal and opercular regions in patients without MTS. It
was concluded that different epileptogenic networks in these two epilepsy syndromes
were responsible for these differences (Mueller et al., 2009).

Fauser et al., in the year 2006 published an article to characterize
epileptogenic potential of the varying degrees of neocortical dysplasia in MTS. They
retrospectively analyzed the invasive electrophysiological data of 12 patients with
histologically proven MTS with neocortical dysplasia. In this study, only 3 patients
had ictal onset from the mesial temporal lobe, while about 34.7% of the patients had

ictal onset from the temporal neocortex. They described the dysplastic temporal
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neocortex ‘dual pathology’ and concluded that, it was epileptogenic (Fauser and
Schulze-Bonhage, 2006).

The diagnostic methods commission of ILAE published the clinical and
pathological findings in various focal cortical dysplasias in 2011. The spectrum of
histopathological findings in type Illa focal cortical dysplasias of the temporal
neocortex in MTS patients include architectural abnormalities falling under the
purview of type | FCD, presence of temporal lobe sclerosis (TLS), TLS with sub-
cortical white matter heterotopic neurons and TLS with lentiform heterotopias in the
sub-cortical white matter. The term FCD type Illa is not to be used, when neuronal
loss is only seen in the mesial temporal lobe, for heterotopic neurons in the deep white
matter or presence of other types of FCDs and pathologies in the temporal lobe
(Blimcke et al., 2011).

Garbelli et al., in the year 2012 conducted a retrospective study in 32 MTS
patients. All the patients had drug resistant TLE due to MTS and underwent surgery
with a pre-operative 1.5T MRI scan. They were then divided into two cohorts, based
on the presence or absence of temporal polar abnormalities on MRI. The clinical
characteristics, histopathological findings and post-procedural 7T MRI findings were
compared. Seizure frequency and the presence of antecedent did not differ between
the groups. Habitual seizures started earlier, with a longer duration of epilepsy in
patients with temporal polar abnormality. Patients with temporal polar changes also
had a higher incidence of dystonic features on semiological evaluation. On
histopathological evaluation, patients in both cohorts showed type Illa dysplastic
changes with no significant difference. Irrespective of the presence of MRI changes
however, all the patients had variable degrees of gliosis in the white matter with
myelination abnormality. Correlation with 7T MRI also revealed myelin loss in the
patients with temporal polar changes. The authors concluded that the widespread
gliosis was not responsible for the anterior temporal polar changes. Rather, the MRI

abnormality could be explained by myelin abnormality (Garbelli et al., 2012).

The task force of ILAE diagnostic methods commission in 2013 reviewed the
literature on the presence of pathology in the anterior temporal lobe and temporal

neocortex in MTS patients, as evidenced by clinical, electrophysiological, imaging,
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and histopathological data. They stated that ipsilateral temporal atrophy and anterior
temporal blurred grey-white differentiation may be seen in up to 70 percent of cases
with mesial temporal sclerosis and that the underlying histopathological abnormality
translates to myelin loss, rather than the presence of dysplastic cortex. They also
acknowledged the possibility of the presence of type Illa FCD in the temporal
neocortex, that could be acquired, due to the same etiological factors as MTS
(Blumcke et al., 2013).

Surgical management of MTS

Epilepsy patients with resistance to AEDs are candidates for epilepsy surgery
after a complete pre-surgical evaluation. MTS is the most common cause of medically
refractory epilepsy subjected to epilepsy surgeries. Most of the cases with MTS show
excellent response after surgery. The surgical techniques in TLE due to MTS include
the anterior temporal lobectomy and amygdalo-hippocampectomy (ATL+AH) or
selective amygdalo- hippocampectomy (AH). A few authors have recommended the
ATL+AH in MTS patients as the standard procedure, since it has been observed by
previous studies that, there are changes of uncertain pathology seen in the temporal
neocortex as well. However, this has been debated as there are no prospective trials

that clearly demonstrate its superiority over selective AH (Muzumdar et al., 2016).

ATL+AH is still preferred in a resource limited setting like India. This is
because, the neocortex in some patients with MTS on histopathological evaluation has
been found to harbor type 1 focal cortical dysplasia, which can cause neocortical
temporal epileptogenesis. Even in the absence of dysplasia, the lateral neocortex most

MTS patients has been found to be abnormal on histopathology.
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3. MATERIALS AND METHODS

Study design

This was a cohort study with both prospective and retrospective arms. For the
retrospective arm, MTS patients undergoing anterior temporal lobectomy with
amygdalohippocampectomy (ATL +AH) from January 2017 to December 2021 were
included, if they fulfilled the inclusion criteria. For the prospective arm of the study,
TLE patients were consecutively recruited from the epilepsy out-patient clinic and
neurosurgery wards, from January 2022 to December 2022 if they were scheduled to
undergo ATL+AH and they satisfied the inclusion criteria.

Patients

Inclusion criteria:

Patients with TLE, who have undergone epilepsy protocol MRI-brain with a
3T MRI including the sequences T2, FLAIR and ASL, followed by ATL+AH with
availability of histopathological analysis of specimen of the resected temporal lobe.

Exclusion criteria:

Patients with bilateral Mesial Temporal sclerosis.

o Patients undergoing ATL + AH for mass lesions or other dual pathology in the

Temporal lobe.
o Patients with unavailable or poor quality T2, FLAIR and/or ASL images.

o Patients with pre-operative MRI done from other hospitals or institutions
before being referred to our institute for further management.

o Claustrophobic patients and patients who could not undergo MRI.

o MTS Patients, whose post-operative histopathological specimens were not
available for analysis.
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Study population:

The number of patients who had MRI for evaluation of temporal lobe epilepsy
were 208 in the retrospective arm and 43 in the prospective arm. Two patients were
excluded as due to non-availability of all the required MRI sequences, including ASL
or on account of poor-quality MR images. Sixty-six cases were excluded as they had
pre-operative MRI done from another hospital or institution with a lack of the
necessary ASL source images. Four patients were excluded due to bilateral MTS.
Seven patients were diagnosed with MTS on pre-operative MRI, but were excluded as
histopathological assessment revealed no HS, only gliosis. Sixty-five patients were
excluded, because they underwent ATL for causes other than MTS or had dual
pathology in the temporal lobe. Finally, 88 patients were included in the retrospective
arm and 19 patients in the prospective arm of the study (Figure 3.1).

The patients were divided into three cohorts for analysis of the data. The first
group included 63 patients with MTS and neocortical temporal changes on pre-
operative MRI (MTS+NTC group), the second group included 37 MTS patients
without neocortical changes on pre-operative MRI (MTS-NTC group). The third
group was 7 controls consisting of lesion-negative TLE patients without MTS and
neocortical changes and with a normal pre-operative MRI, who underwent ATL+AH.
The inclusion of the control group was to ensure that the visible neocortical changes
were not artifactual in nature. The study was started only after the institutional ethics
committee approval. Informed consent was waivered for the retrospectively included

patients and it was obtained from the prospectively included patients.
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Retrospectively (n=208) and
prospectively (n=43) recruited TLE
patients undergoing anterior
temporal lobectomy plus
amygdalohippocampectomy from
January 2017 to December 2022
after Epilepsy protocol MRI (n=251).

Materials & Methods

Excluded:

Patients diagnosed with MTS on
pre-operative MRI but
histopathological assessment
revealing no HS, only gliosis (n=7).

v

Excluded:

e Patients with bilateral
Mesial Temporal sclerosis
(n=4).

e Patients undergoing ATL +
AH for mass lesions or other
dual pathology in the
Temporal lobe(n=65).

e Patients with pre-operative
MRI done from another
hospital or institution with a
lack of the necessary
sequences including the ASL
source images (n=66)

e Patients with unavailable,
poor quality T2, FLAIR
and/or ASL images (n=2)

Inclusion criteria: 88 retrospective and 19 prospective patients who underwent Anterior temporal
lobectomy plus amygdalohippocampectomy, with pre-operative T2, FLAIR and ASL MR imaging
and MTS patients with availability of histopathological samples for analysis.

63 Patients with MTS and
neocortical temporal changes on
pre-operative MRI (MTS+NTC),

37 Patients with MTS without
neocortical temporal changes on
pre-operative MRI (MTS-NTC).

7 TLE Patients who underwent
ATL+AH without MTS and
neocortical changes and with a

n=63. normal pre-operative MRI

(controls).

Figure 3.1: Patient recruitment flowchart
Demographics and clinical history

The gender and demographic characteristics were recorded for all patients.
The clinical history and semiological data of the retrospectively included patients was
retrieved from the electronic medical records (EMR). For the prospectively included
patients, it was collected from the patients and their bystanders. The clinical history
details recorded include the presence of an antecedent like febrile seizure, status
epilepticus, perinatal hypoxia, meconium aspiration, meningoencephalitis, and head
trauma. The age at which the antecedent occurred was also noted. The age of onset of

epilepsy, age at surgery were documented. The duration of epilepsy was obtained by
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subtracting the age at which the patient underwent ATL+AH from the age of onset of
epilepsy. The seizure frequency one year prior to the presentation was scored for each
patient, with a higher score corresponding to a higher frequency of seizures as in
table-3.1.

Table 3.1: Seizure frequency scoring

fr;;ijzel:]rcey(izgre Seizure frequency (Sz)
1 Sz free without AEDs
2 Sz free with uncertain necessity of AEDs
3 Sz free with necessity of AEDs
4 auras only
5 non disabling nocturnal seizures only
6 One to three seizures/year
7 Four to eleven seizures/year
8 One to three seizures/month
9 One to six seizures/week
10 One to three seizures/day
11 Four to ten seizures/day
12 >10 seizures/day

Clinical features

Presence or absence of focal to bilateral tonic-clonic progression was noted
down for all patients. Rest of the semiological features were evaluated in detail for
their presence or absence, and the type of manifestation. Nomenclature and
categorization of the semiological features was in accordance with the instruction
manual for ILAE 2017 classification of seizure types. Categories of semiological
features, the respective features included in each category and other relevant features

noted down are as in table-3.2.
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Among the various semiological features, loss of awareness, motor symptoms
and cognitive symptoms were only analyzed in those patients with no focal to

bilateral tonic-clonic progression.

Electrophysiology

The electrodes for EEG recording were placed as per the international 10-20
system. When the discharges could not be obtained conventionally, anterior temporal

and sphenoidal electrodes were used.

Invasive EEG recordings with depth and sub-dural electrodes were obtained in

cases of doubtful lateralization or inconclusive scalp EEG data.

The interictal and ictal EEG findings were read by an epileptologist (HP) and
the findings noted. The inter-ictal epileptiform spike and wave discharges (IEDs)

were classified as either lateralized and localized, localized, or multifocal.

Similarly, the ictal EEG findings were classified as lateralized and localized,
localized, or diffuse. The type of ictal EEG activity was also identified as either
monomorphic theta, fast beta, or diffuse ictal onset. Monomorphic theta rhythm, with
a frequency of 3.5 to 7.5 Hz was taken as indicative of mesial temporal
epileptogenesis and fast beta rhythm, with a frequency of 13 to 30 Hz, was indicative

of neocortical temporal epileptogenesis.

Table 3.2: Semiological features, evaluated according to ILAE 2017 terminology.

Semiological feature Types

Aura Epigastric sensation, fear, experiential,
Auditory, vertiginous sensation, visual,
foul-smelling, nausea, retching, cephalic
sensation, palpitations, tiredness, cold
sensation, premonition, chest discomfort

and undescribable auras.

Loss of awareness -

Sensory symptoms Auditory, visual, vertiginous sensation,
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foul-smelling and cold sensation.

Motor symptoms

Head and eye adversion, upper limb
posturing, lower limb  posturing,
inability to move, upper and lower limb
posturing, hemiclonic jerks and dystonic
posturing of upper limb and post-ictal

Todd’s paralysis.

Autonomic symptoms

Piloerection,  palpitations,  nausea,
retching, salivation, epigastric sensation,
abdominal pain, ictal cough, post-ictal
cough, ictal swallow, and post-ictal

sneezing.

Automatisms

Upper limb, bimanual, vocalization or
ictal speech, oral, wandering behaviour,
rubbing of ears, drinks water, violent
behaviour, searching, ictal nose wiping,
rubbing face, leaving behaviour, and
pedaling movements of bilateral lower

limbs.

Cognitive symptoms

Post-ictal confusion, post-ictal amnesia,
post-ictal dysphagia, experiential

phenomena, and post-ictal aphasia.

Emotional or affective symptoms

Fear and anger.

Clinico-electrophysiological impression

The clinico-electrophysiological opinion that was obtained from the detailed

analysis of clinical history and VEEG findings at the multi-disciplinary patient

management conferences was recorded. The presence or absence of neocortical

epileptogenesis was deduced based on the presence of certain features either

clinically, or on EEG. Red flags predictive of neocortical epileptogenesis were the

presence of high frequency of focal to bilateral tonic clonic progression, increased
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frequency of clustering or the presence of auras characteristic of neocortical seizures
in the semiology. Neocortical epileptogenesis was also considered if the patient had
fast beta rhythm on EEG.

Imaging (MRI) analysis

The MRI images were acquired on a 3T GE discovery 750W scanner (GE
healthcare, Milwaukee, WI, USA). Our institute epilepsy protocol is in accordance
with the HARNESS protocol prescribed by ILAE and includes the sequences 3D
FLAIR, 3D SPGR, high resolution coronal T2, DWI, SWAN and ASL.

The acquisition parameters for the sequences used in the study- 3D FLAIR,
high resolution coronal T2 and ASL are given in the table-3.3.

Pseudo continuous tagging was used for labeling in ASL. The labeling plane
for ASL was in the upper part of the neck, 2 cm below lower most slice in the imaging
plane. The average scan time for ASL was about 5 minutes. The MRI images were
retrieved from PACS and were read by two Radiologists (VK and HK) after being
blinded to the clinical, semiological and EEG findings. The T2 and FLAIR images
were qualitatively analyzed for the presence or absence of hyperintensity in four

regions. They were:

1)  The hippocampus,

2)  The amygdala,

3)  The lateral temporal neocortex, and

4)  The anterior temporal pole, defined as the anterior most part of the temporal
lobe with an arbitrary posterior boundary formed by a laterally extending line

drawn from the ipsilateral limen insulae.
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Table 3.3: Acquisition parameters

gg?gnﬁsg'zuggg 3D FLAIR 3D PC-ASL

Slice thickness 3 mm 1 mm 4 mm

Field of View 16 x 16 cm 25x22.5¢cm 24 X 24 cm

Matrix size 352 x 352 256 X 256 -

Voxel size 0.4x0.4x3mm 1x1x1mm -

TR 8940 ms 7477 ms 4854 ms

TE 142.8 ms 115 ms 10.7 ms

TI - 1993 ms -

PLD - - 1025-1525 ms
(children)
2025 ms (adults)

The qualitative analysis of images was performed at two levels. For the first
level of interpretation, the images were reviewed independently for calculation of
inter-observer agreement. The second level analysis was conducted by the radiologists
in consensus to solve any disagreement. The results second level of analysis were

used for classifying patients into the three cohorts.

The corresponding ASL images were also qualitatively analysed in these four
regions for the presence or absence of perfusion abnormality. Perfusion abnormality

corresponded to both hyper perfusion and hypoperfusion qualitatively.

Quantitative analysis of the ASL images was also done in these four regions. A
region of interest (ROI) measuring about 7 to 15 mmz2 in area was drawn in each
region on ASL source images (figure 3.2). The ROI was drawn in such a way that, it
encompassed the area of cortex in each region showing the perfusion abnormality. An
ROI of similar size was placed in the homologous region of the cerebral cortex with
no perfusion abnormality in the contralateral hemisphere. An ASL signal intensity
ratio (SIR) was obtained, with the numerator being the signal intensity from the ROI

on the involved side, and the denominator being the signal intensity from the ROI on
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the normal side. Cases with increased perfusion on ASL were excluded from the

quantitative analysis.

Figure 3.2: Method for Quantitative analysis of ASL source images
Histopathological analysis

The histopathological analysis of the resected specimens was done by two
neuropathologists (DN and RP) in consensus, who were blinded to the clinical,
electrophysiological and imaging data. The resected tissue specimens were processed
and stained with NeuN for neuronal analysis. Immunohistochemistry with glial
fibrillary acid protein (GFAP) was done for gliosis. Luxol fast blue staining for
myelin was also done in select cases. The histopathological evaluation data was

available in three regions:

1) The hippocampus
2) The amygdala
3) The temporal neocortex
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Statistical analysis

Categorical variables were summarized as numbers and percentages.
Continuous variables were summarized using mean +/- standard deviation and median
with 25th and 75th percentiles (interquartile range). Normalcy of the data was
assessed using the Kolmogorov-Smirnov test. When there was non-normal
distribution of data, non-parametric tests were used. Normally distributed quantitative
data was analysed with the independent t test. Non-normally distributed quantitative
data was analysed using the Mann-Whitney U Test (for two groups). Qualitative
variables were compared with the Chi-square test. When any cell had a count of less
than 5, Fisher’s exact test was used. Univariate logistic regression with the presence
of neocortical changes in MTS as the dependent variable, and the independent
variables being gender, age, presence of antecedents, age of antecedent, age of onset
of epilepsy and duration of epilepsy. The inter-observer agreement was quantified

using kappa values. Interpretation of Kappa values is as shown in table-3.4.

The data was collected and tabulated using a Microsoft EXCEL spreadsheet.
Final statistical analysis was done using Statistical Package for Social Sciences
(SPSS) software, IBM, Chicago, USA, version 25.0.

A p -value < 0.05 was considered statistically significant.

Table 3.4: Interpretation of Kappa values

Kappa value Strength of agreement
<0.20 Poor

0.21-0.40 Fair

0.41-0.60 Moderate

0.61-0.80 Good

0.81-1.00 Very good
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4. RESULTS

Table 4.1: Comparison of gender between MTS + NTC and MTS - NTC.

Gender N'I"V(I:-[r?:EB) NTI\(/l,-(rr?:_?,?) Total P value
Female 29 (46.03%) | 20 (54.05%) | 49 (49%)
Male 34 (53.97%) | 17 (45.95%) | 51 (51%) 0.438
Total 63 (100%) 37 (100%) | 100 (100%)

T Chi square test

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

% of number of patients

Comparison of gender between MTS + NTC
and MTS - NTC

Female

Gender

HMTS + NTC & MTS-NTC

Figure 4.1: Comparison of gender between MTS + NTC and MTS - NTC.

Distribution of gender was comparable between MTS + NTC and MTS - NTC.

(Female:- 46

.03% vs 54.05% respectively, Male:- 53.97% vs 45.95% respectively)

(p value=0.438).(Table 4.1, figure 4.1).
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Table 4.2: Comparison of age(years) between MTS + NTC and MTS - NTC.

Age(years) N'II'VClj-(rr?:J;SS) NTI\é-(rnS:é?) Total P value
<=10 3 (4.76%) 2 (5.41%) 5 (5%)
11-20 19 (30.16%) | 8 (21.62%) 27 (27%)
21-30 28 (44.44%) | 17 (45.95%) 45 (45%) 0.748"
31-40 11 (17.46%) | 7 (18.92%) 18 (18%)
>40 2 (3.17%) 3(8.11%) 5 (5%)
Mean + SD 23.7+9.21 25.95+9.48 | 24.53+9.33
Median(25th-
75th 22(17.5-29.5) |  26(20-31) 24(18-30) 0.247*
percentile)
Range 3-51 8-50 3-51

* Independent t test, * Fisher's exact test

Comparison of age(years) between MTS +
NTC and MTS - NTC

100% -
90% -
80% -
70% -
60% -
50% -
40% -
30% -
20% -
10% A

0% -

% of number of patients

Age(years)

EHMTS +NTC EMTS-NTC

Figure 4.2: Comparison of age(years) between MTS + NTC and MTS - NTC.

Distribution of age(years) was comparable between MTS + NTC and MTS - NTC.
(<=10 years: - 4.76% vs 5.41% respectively, 11-20 years:- 30.16% vs 21.62%
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respectively, 21-30 years:- 44.44% vs 45.95% respectively, 31-40 years:- 17.46% vs

18.92% respectively, >40 years:- 3.17% vs 8.11% respectively) (p value=0.748).

Mean £ SD of age(years) in MTS + NTC was 23.7 = 9.21 and in MTS - NTC was
25.95 * 9.48 with no significant difference between them. (p value=0.247) (Table 4.2,

figure 4.2).

Table 4.3: Comparison of antecedent between MTS + NTC and MTS - NTC.

Antecedent N'II'VCI:-(rr?:Jés) NTI\(/l:(rnS:-gﬂ) Total P value
Absent 23(36.51%) | 17 (45.95%) | 40 (40%)
Present 40 (63.49%) | 20 (54.05%) | 60 (60%) 0.352"
Total 63 (100%) 37 (100%) | 100 (100%)

T Chi square test
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% of number of patients
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HMTS+NTC & MTS-NTC

Antecedent

Comparison of antecedent between MTS +
NTC and MTS - NTC

Present

Figure 4.3: Comparison of antecedent between MTS + NTC and MTS - NTC.

Distribution of antecedent was comparable between MTS + NTC and MTS - NTC.

(63.49% vs 54.05% respectively) (p value=0.352). (Table 4.3, figure 4.3).
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Table 4.4: Comparison of age at the onset of epilepsy(years) between MTS +
NTC and MTS - NTC.

Age at the
onset of

epilepsy(years)

MTS +| MTS -

NTC(n=63) | NTC(n=37) | o Pvalue

Mean + SD 7.82+6.19 11.12 +8.16 9.04+7.12

Median (25th-

r - - 5
75th percentile) 6i5(2412) 10(5-15) 8(3-13.25) 0.049

Range 0.08-22 0.08-34 0.08-34
§ Mann Whitney test

Comparison of age at the onset of epilepsy(years)
between MTS + NTC and MTS - NTC

N w w L
(6] o (5] o
1 1 1

N
o
1

=
(6]
1

=
o
1

age at the onset of epilepsy(years)
(6,

[
MTS + NTC MTS - NTC

o

Figure 4.4: Comparison of age at the onset of epilepsy(years) between MTS +
NTC and MTS - NTC. (non-parametric variable, Box-whisker plot)

Median (25th-75th percentile) of age at the onset of epilepsy(years) in MTS - NTC
was 10(5-15) which was significantly higher as compared to MTS + NTC (6.5(2-12)).
(p value=0.049) (Table 4.4, figure 4.4).
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Table 4.5: Comparison of age at surgery(years) between MTS + NTC and MTS -
NTC.

Age at M [ooe? M - Total P value
surgery(years) | NTC(n=63) NTC(n=37)
Mean £ SD 23.56 £9.19 25.89 £9.57 | 24.42+9.35
Median (25" -
75" 22(17.5-29.5) 26(20-31) 24(18-30) 0.23*
percentile)
Range 3-51 8-50 3-51

*Independent t test

Comparison of age-atsurgery(years):between
MTS + NTC and MTS - NTC

30.00 -
25.00 +
20.00 -

15.00 -

Mean values

=
o
o
o

5.00 -

0.00 -

MTS + NTC MTS - NTC

Figure 4.5: Comparison of age at surgery(years) between MTS + NTC and MTS
-NTC.

Mean = SD of age at surgery(years) in MTS + NTC was 23.56 + 9.19 and in MTS -
NTC was 25.89 + 9.57 with no significant difference between them. (p value=0.23)
(Table 4.5, figure 4.5).
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Table 4.6: Comparison of duration of epilepsy (years) between MTS + NTC and
MTS-NTC

Duration  of | MTS +| MTS “| Total P value
epilepsy(years) | NTC(n=63) NTC(n=37)

Mean + SD 15.85 +9.08 14,11 + 8.96 15.2£9.03
Median(25th- :
75th percentile) 13.5(8-22.5) 12(8-20) 13(8-21.125) | 0.355
Range 1-355 1-37 1-37

t Independent t test

Comparison of duration of epilepsy(years)
between MTS + NTC and MTS - NTC

18.00 1

16.00 -
14.00 -
12.00 -
10.00 -
8.00 -
6.00 -
4.00 -
2.00 -
0.00 - T

MTS + NTC MTS - NTC

Mean values

Figure 4.6: Comparison of duration of epilepsy(years) between MTS + NTC
and MTS - NTC

Mean = SD of duration of epilepsy(years) in MTS + NTC was 15.85 + 9.08 and in
MTS - NTC was 14.11 + 8.96 with no significant difference between them. (p
value=0.355) (Table 4.6, figure 4.6).
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Table 4.7: Comparison of seizure frequency score between MTS + NTC
and MTS - NTC

ere(:lZJLejr:?:y MT St VIS, Total P value
Nl NTC(n=63) | NTC(n=37)

Mean + SD 7.57+0.84 7.27+£0.93 7.46 +0.88

Median(25th-

75th 7(7-8) 7(7-8) 7(7-8) 0.099%
percentile)
Range 6-10 5-9 5-10

t Independent t test

Comparison of seizure frequency score
between MTS + NTC and MTS - NTC
7.80 1
7.70 -
7.60 -
7.50 -
& 7.40 -
s
§ 7.30 A
s 7.20 A
7.10 -
7.00 -
6.90 -
6.80 - T
MTS + NTC MTS - NTC

Figure 4.7: Comparison of seizure frequency score between MTS + NTC
and MTS-NTC

Mean £ SD of seizure frequency score in MTS + NTC was 7.57 = 0.84 and in MTS -
NTC was 7.27 + 0.93 with no significant difference between them. (p value=0.099)
(Table 4.7, figure 4.7).
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Table 4.8: Comparison of number of anti-seizure medications between MTS +
NTC and MTS - NTC

al\rllltjir-ggiezrufef M T SE VIS Total P value
A NTC(n=63) NTC(n=37)
medications
Mean + SD 2.65+0.77 251 +0.77 2.6+0.77
Median(25th-
75th 2(2-3) 2(2-3) 2(2-3) 0.389*%
percentile)
Range 2-5 1-4 1-5

t Independent t test

Comparison of number of anti-seizure
medications between MTS + NTC and MTS -
NTC

2.75 7
2.70 -
2.65 -
2.60 -
2.55 -
2.50 -

Mean values

2.45 -
2.40 -
2.35 +

2.30 -

MTS + NTC MTS - NTC

Figure 4.8: Comparison of number of anti-seizure medications between MTS +
NTC and MTS - NTC

Mean + SD of number of anti-seizure medications in MTS + NTC was 2.65 £+ 0.77
and in MTS - NTC was 2.51 + 0.77 with no significant difference between them.
(p value=0.389) (Table 4.8, figure 4.8).
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Table 4.9: Comparison of secondary generalization between MTS + NTC

and MTS - NTC
Secondary MTS + MTS -
generalization | NTC(n=63) NTC(n=37) Total P value
Absent 34 (53.97%) | 24 (64.86%) 58 (58%)
Present 29 (46.03%) | 13 (35.14%) 42 (42%) 0.2861
Total 63 (100%) 37 (100%) 100 (100%)

T Chi square test
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Present

Secondary generalization

Figure 4.9: Comparison of secondary generalization between MTS + NTC

and MTS - NTC

Distribution of secondary generalization was comparable between MTS + NTC and
MTS - NTC. (46.03% vs 35.14% respectively) (p value=0.286).(Table 4.9, figure 4.9).
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Table 4.10: Comparison of aura between MTS + NTC and MTS - NTC

Aura h/l_l-_rg (n=63) p h/l_l-_rg (n=37) Total P value
No 13(20.63%) | 13(35.14%) | 26 (26%)

Yes 50 (79.37%) | 24 (64.86%) | 74 (74%) 0.11
Total 63 (100%) 37 (100%) 100 (100%)

T Chi square test
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Figure 4.10: Comparison of aura between MTS + NTC and MTS - NTC

Distribution of aura was comparable between MTS + NTC and MTS - NTC. (79.37%
Vs 64.86% respectively) (p value=0.11).(Table 4.10, figure 4.10).
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Table 4.11: Comparison of sensory symptoms between MTS + NTC and MTS -
NTC

Sensory MTS +| MTS “| Total P value
symptoms NTC(n=63) NTC(n=37)

Absent 52 (82.54%) | 36 (97.30%) | 88 (88%)

Present 11 (17.46%) | 1 (2.70%) 12 (12%) 0.03"
Total 63 (100%) 37 (100%) 100 (100%)

* Fisher's exact test

Comparison of sensory symptoms between
MTS + NTC and MTS - NTC
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Figure 4.11: Comparison of sensory symptoms between MTS + NTC and MTS -
NTC.

Proportion of patients with sensory symptoms was significantly higher in MTS +
NTC as compared to MTS - NTC. (17.46% vs 2.70% respectively). (p value=0.03)
(Table 4.11, figure 4.11).
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Table 4.12: Comparison of motor symptoms between MTS + NTC and MTS -

Results

NTC

Motor MTS +| MTS Total P value
symptoms NTC(n=34) NTC(n=24)

Absent 16 (47.06%) | 14 (58.33%) | 30 (51.72%)

Present 18 (52.94%) | 10 (41.67%) | 28 (48.28%) | 0.397%
Total 34 (100%) 24 (100%) 58 (100%)

T Chi square test

Comparison of motor symptoms between MTS +
NTC and MTS - NTC
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Figure 4.12: Comparison of motor symptoms between MTS + NTC and MTS -
NTC.

Distribution of motor symptoms was comparable between MTS + NTC and MTS -
NTC. (52.94% vs 41.67% respectively) (p value=0.397).(Table 4.12, figure 4.12).
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Table 4.13: Comparison of automatisms between MTS + NTC and MTS - NTC

Automatisms N1I}/C|:-[r?:23) NTI\él:-(rnS:-37) Total P value
Absent 13 (20.63%) | 6 (16.22%) 19 (19%)

Present 50 (79.37%) 31 (83.78%) 81 (81%) 0.587f
Total 63 (100%) 37 (100%) 100 (100%)

T Chi square test
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Figure 4.13: Comparison of automatisms between MTS + NTC and MTS - NTC.

Distribution of automatisms was comparable between MTS + NTC and MTS - NTC.
(79.37% vs 83.78% respectively) (p value=0.587).(Table 4.13, figure 4.13).

SCTIMST, Trivandrum

a7



Results

Table 4.14: Comparison of autonomic symptoms between MTS + NTC and MTS

-NTC

Autonomic MTS +| MTS “| Total P value
symptoms NTC(n=63) NTC(n=37)

Absent 43 (68.25%) | 23 (62.16%) | 66 (66%)

Present 20 (31.75%) | 14 (37.84%) | 34 (34%) 0.535
Total 63 (100%) 37 (100%) 100 (100%)

T Chi square test

100% -
90% -
80% -
70% -
60% -
50% -
40% -
30% -

% of number of patients

20% -
10% -
0% -

MTS + NTC and MTS - NTC

Absent

Present

Autonomic symptoms

EHMTS + NTC EMTS-NTC

Comparison of autonomic symptoms between

Figure 4.14: Comparison of autonomic symptoms between MTS + NTC and

MTS -NTC

Distribution of autonomic symptoms was comparable between MTS + NTC and MTS
- NTC. (31.75% vs 37.84% respectively) (p value=0.535).(Table 4.14, figure 4.14).
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Table 4.15: Comparison of cognitive symptoms between MTS + NTC and MTS -

NTC
Cognitive MTS +| MTS Total P value
symptoms NTC(n=34) NTC(n=25)
Absent 19 (55.88%) | 13 (52%) 32 (54.24%)
Present 15 (44.12%) | 12 (48%) 27 (45.76%) | 0.767
Total 34 (100%) 25 (100%) 59 (100%)

T Chi square test
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Figure 4.15: Comparison of cognitive symptoms between MTS + NTC

and MTS - NTC.

Distribution of cognitive symptoms was comparable between MTS + NTC and MTS -
NTC. (44.12% vs 48% respectively) (p value=0.767).(Table 4.15, figure 4.15).
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Table 4.16: Comparison of emotional or affective symptoms between MTS +
NTC and MTS - NTC

Emotional or

s;a/:e;ttci)\r/re]s N'IIYCI:-[::ES) NTI\éI:-(rr?:-?,?) Total P value
Absent 38(60.32%) | 26(70.27%) | 64 (64%)
Present 25 (39.68%) | 11(29.73%) | 36 (36%) 0.3171
Total 63 (100%) 37 (100%) | 100 (100%)

T Chi square test

100% -
90% -
80% -
70%
60%
50%
40%
30%
20%
10%

0%

% of number of patients

Comparison of emotional or affective
symptoms between MTS + NTC and MTS - NTC

Absent

HMTS + NTC EMTS-NTC

Emotional symptoms

Present

Figure 4.16: Comparison of emotional or affective symptoms between MTS +
NTC and MTS - NTC

Distribution of emotional symptoms was comparable between MTS + NTC and MTS
- NTC. (39.68% vs 29.73% respectively) (p value=0.317).(Table 4.16, figure 4.16).
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Table 4.17: Comparison of antecedent type between MTS + NTC and MTS -

NTC
Antecedent type N'II'VCI:-[r?:th) NTI\é-(rr?:-ZO) Total P value
Febrile seizure 29 (72.50%) 17 (85%) 46 (76.67%)
Febrile status 2 (5%) 0 (0%) 2 (3.33%)
Head trauma 0 (0%) 1 (5%) 1 (1.67%)
gggfgt‘l'grr‘“ 1 (2.50%) 0 (0%) 1(1L67%) | 0623
Meningoencephalitis | 3 (7.50%) 1 (5%) 4 (6.67%)
Perinatal hypoxia 5 (12.50%) 1 (5%) 6 (10%)
Total 40 (100%) 20 (100%) | 60 (100%)

* Fisher's exact test
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Figure 4.17: Comparison of antecedent type between MTS + NTC

and MTS - NTC
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Distribution of antecedent type was comparable between MTS + NTC and MTS -
NTC. (Febrile seizure:- 72.50% vs 85% respectively, Febrile status:- 5% vs 0%
respectively, Head trauma:- 0% vs 5% respectively, Meconium aspiration:- 2.50% vs
0% respectively, Meningoencephalitis:- 7.50% vs 5% respectively, Perinatal hypoxia:-
12.50% vs 5% respectively) (p value=0.623).(Table 4.17, figure 4.17).

Table 4.18: Comparison of type of aura between MTS + NTC and MTS - NTC

Type of aura N%-[EZEB) NTI\éI:-{nsz-:%?) Total | Pvalue

Fear 25 (39.68%) 12 (32.43%) 37 (37%) | 0.468"
Anger 1 (1.59%) 0 (0%) 1 (1%) 1"
E:rﬁf;fﬂ)t'f}éeaeﬂa VU | 5 (7.949%) 5(1351%) | 10 (10%) | 0.369"
Auditory 4 (6.35%) 0 (0%) 4 (4%) 0.294"
Vertigenous sensation | 6 (9.52%) 0 (0%) 6 (6%) 0.082"
Visual 6 (9.52%) 0 (0%) 6 (6%) 0.082"
Foul-smell 0 (0%) 1 (2.70%) 1 (1%) 0.37"
Nausea 1 (1.59%) 1 (2.70%) 2 (2%) 1"
Retching 1 (1.59%) 0 (0%) 1 (1%) 17
Epigastric sensation 11 (17.46%) 11 (29.73%) 22 (22%) | 0.153f
Cephalic sensation 6 (9.52%) 1 (2.70%) 7 (T%) 0.255
Palpitations 1 (1.59%) 1 (2.70%) 2 (2%) 1"
Tiredness 1 (1.59%) 0 (0%) 1 (1%) 1"
Cold sensation 2 (3.17%) 0 (0%) 2 (2%) 0.529"
Undescribable 2 (3.17%) 1 (2.70%) 3 (3%) 1"
Premonition 1 (1.59%) 0 (0%) 1 (1%) 1"
Chest discomfort 0 (0%) 1 (2.70%) 1 (1%) 0.37°

* Fisher's exact test, ¥ Chi square test
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Comparison of type of aura between MTS +
NTC and MTS - NTC
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Eigure 4.18: Comparison of type of aura between MTS + NTC and MTS - NTC

Distribution of type of aura was comparable between MTS + NTC and MTS - NTC.
(Fear:- 39.68% vs 32.43% respectively (p value=0.468), Anger:- 1.59% vs 0%
respectively (p value=1), Experiential (Deja vu, Jamis vu),Visual:- 7.94% vs 13.51%
respectively (p value=0.369), Auditory:- 6.35% vs 0% respectively (p value=0.294),
Vertigenous sensation:- 9.52% vs 0% respectively (p value=0.082), Visual:- 9.52% vs
0% respectively (p value=0.082), Foul-smell:- 0% vs 2.70% respectively (p
value=0.37), Nausea:- 1.59% vs 2.70% respectively (p value=1), Retching:- 1.59% vs
0% respectively (p value=1), Epigastric sensation:- 17.46% vs 29.73% respectively (p
value=0.153), Cephalic sensation:- 9.52% vs 2.70% respectively (p value=0.255),
Palpitations:- 1.59% vs 2.70% respectively (p value=1), Tiredness:- 1.59% vs 0%
respectively (p value=1), Cold sensation:- 3.17% vs 0% respectively (p value=0.529),
Undescribable:- 3.17% vs 2.70% respectively (p value=1), Premonition:- 1.59% vs
0% respectively (p value=1), Chest discomfort:- 0% vs 2.70% respectively (p
value=0.37)).(Table 4.18, figure 4.18).
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Table 4.19: Comparison of type of sensory symptoms between MTS + NTC
and MTS - NTC

se-lr};g? o M5 S - Total P value
y NTC(n=63) | NTC(n=37)

symptoms
Auditory 4 (6.35%) 0 (0%) 4 (4%) 0.294"
Vertigenous 6 (9.52%) 0 (0%) 6 (6%) 0.082"
sensation
Visual 4 (6.35%) 0 (0%) 4 (4%) 0.294"
Foul-smell 0 (0%) 1(2.70%) | 1(1%) 0.37"
Cold sensation 1 (1.59%) 0 (0%) 1 (1%) .

* Fisher's exact test

Comparison of type of sensory symptoms
between MTS + NTC and MTS - NTC
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Figure 4.19: Comparison of type of sensory symptoms between MTS + NTC
and MTS - NTC

Distribution of type of sensory symptoms was comparable between MTS + NTC and
MTS - NTC. (Auditory:- 6.35% vs 0% respectively (p value=0.294), Vertigenous
sensation:- 9.52% vs 0% respectively (p value=0.082), Visual:- 6.35% vs 0%
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respectively (p value=0.294), Foul-smell:- 0% vs 2.70% respectively (p value=0.37),
Cold sensation:- 1.59% vs 0% respectively (p value=1)).(Table 4.19, figure 4.19).

Table 4.20: Comparison of type of motor symptoms between MTS + NTC and

MTS-NTC
Type of motor MTS + MTS -
symptoms NTC(n=34) NTC(n=25) Total P value

Post-ictal todds 2 (5.88%) 0 (0%) 2 (3.39%) 0.503"
Inability to move 1 (2.94%) 0 (0%) 1 (1.69%) 1
Head and eye N
adversion* 8(2353%) | 3(12%) | 11(1864%)| 0325
Upper limb

B S tuing 6(17.65%) | 7(28%) | 13(2203%)| 0.343"
Lower limb

posturing 0 (0%) 0 (0%) 0 (0%) NA
Upper and lower "
limb posturing 3 (8.82%) 0 (0%) 3 (5.08%) 0.255
Hemiclonic jerks 3 (8.82%) 2 (8%) 5 (8.47%) T
Dystonic posturing 2 (5.88%) 1 (4%) 3 (5.08%) 1"

of upper limb

* Fisher's exact test, ¥ Chi square test
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Figure 4.20: Comparison of type of motor symptoms between MTS + NTC

and MTS -NTC
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Distribution of type of motor symptoms was comparable between MTS + NTC and
MTS - NTC. (Post-ictal todds:- 5.88% vs 0% respectively (p value=0.503), Inability
to move:- 2.94% vs 0% respectively (p value=1), Head and eye adversion:- 23.53% vs
12% respectively (p value=0.325), Upper limb posturing:- 17.65% vs 28%
respectively (p value=0.343), Lower limb posturing:- 0% vs 0% respectively, Upper
and lower limb posturing:- 8.82% vs 0% respectively (p value=0.255), Hemiclonic
jerks:- 8.82% vs 8% respectively (p value=1), Dystonic posturing of upper limb:-
5.88% vs 4% respectively (p value=1)) (Table 4.20, figure 4.20).

Table 4.21: Comparison of type of automatisms between MTS + NTC and MTS -
NTC

Type of automatisms llll/l'l-'rg(n:GS) * m:g(n:BY) " | Total P value
Upper limb 12 (19.05%) | 4 (10.81%) 16 (16%) | 0.399"
Bimanual 17 (26.98%) | 12 (32.43%) | 29 (29%) 0.562°
\jocalizatigqiicta) 8(12.70%) | 7(18.92%) | 15(15%) |04
speech
Oral . | 35(55.56%) | 25(67.57%) | 60 (60%) | 0.236
(Lipsmacking/Chewing)
Wandering behaviour 3 (4.76%) 2 (5.41%) 5 (5%) 1"
Rubbing ears 1 (1.59%) 0 (0%) 1 (1%) 1"
Drinks water 0 (0%) 1 (2.70%) 1 (1%) 0.37"
Violent behaviour 2 (3.17%) 0 (0%) 2 (2%) 0.529"
Search 1 (1.59%) 0 (0%) 1 (1%) i
Ictal nose wiping 1 (1.59%) 0 (0%) 1 (1%) 1"
Rubbing face 1 (1.59%) 1 (2.70%) 2 (2%) 1"
Leaving behaviour 2 (3.17%) 0 (0%) 2 (2%) 0.529"
IIDedaIIing movements of 0 (0%) 1 (2.70%) 1 (1%) 0.37"
ower limb

* Fisher's exact test, ¥ Chi square test
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Comparison of type of automatisms between
MTS + NTC and MTS - NTC
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Figure 4.21: Comparison of type of automatisms between MTS + NTC
and MTS - NTC

Distribution of type of automatisms was comparable between MTS + NTC and MTS -
NTC. (Upper limb:- 19.05% vs 10.81% respectively (p value=0.399), Bimanual:-
26.98% vs 32.43% respectively (p value=0.562), Vocalization/ictal speech:- 12.70%
vs 18.92% respectively (p value=0.4), Oral (Lipsmacking/Chewing):- 55.56% vs
67.57% respectively (p value=0.236), Wandering behaviour:- 4.76% vs 5.41%
respectively (p value=1), Rubbing ears:- 1.59% vs 0% respectively (p value=1),
Drinks water:- 0% vs 2.70% respectively (p value=0.37), Violent behaviour:- 3.17%
vs 0% respectively (p value=0.529), Search:- 1.59% vs 0% respectively (p value=1),
Ictal nose wiping:- 1.59% vs 0% respectively (p value=1), Rubbing face:- 1.59% vs
2.70% respectively (p value=1), Leaving behaviour:- 3.17% vs 0% respectively (p
value=0.529), Pedalling movements of lower limb:- 0% vs 2.70% respectively (p
value=0.37)).(Table 4.21, figure 4.21).
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Table 4.22: Comparison of type of autonomic symptoms between MTS + NTC

and MTS - NTC

;_gg;omic MTS g R ERS Total P value
NTC(n=63) NTC(n=37)

symptoms
Piloerection 2 (3.17%) 0 (0%) 2 (2%) 0.529"
Palpitations 2 (3.17%) 1 (2.70%) 3 (3%) 1
Nausea 0 (0%) 1 (2.70%) 1 (1%) 0.37"
Vomiting, N
Retchingg 3 (4.76%) 1 (2.70%) 4 (4%) 1
Salivation 1 (1.59%) 2 (5.41%) 3 (3%) 0.553"
Epigastric
e 11 (17.46%) | 11(29.73%) | 22 (22%) | 0.153"
Qat;ﬂom'”a' 1 (1.59%) 0 (0%) 10%) |1
Post-ictal *
cough 0 (0%) 1(2.70%) 1 (1%) 0.37
Ictal cough 1 (1.59%) 0 (0%) 1 (1%) 1
Ictal swallow | 1 (1.59%) 0 (0%) 1 (1%) 1
Post-ictal *
sneezing 1 (1.59%) 0 (0%) 1 (1%) 1

* Fisher's exact test, ¥ Chi square test
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Figure 4.22: Comparison of type of autonomic symptoms between MTS + NTC
and MTS - NTC

Distribution of type of autonomic symptoms was comparable between MTS + NTC
and MTS - NTC. (Piloerection:- 3.17% vs 0% respectively (p value=0.529),
Palpitations:- 3.17% vs 2.70% respectively (p value=1), Nausea:- 0% vs 2.70%
respectively (p value=0.37), Vomiting, Retching:- 4.76% vs 2.70% respectively (p
value=1), Salivation:- 1.59% vs 5.41% respectively (p value=0.553), Epigastric
sensation:- 17.46% vs 29.73% respectively (p value=0.153), Abdominal pain:- 1.59%
vs 0% respectively (p value=1), Post-ictal cough:- 0% vs 2.70% respectively (p
value=0.37), Ictal cough:- 1.59% vs 0% respectively (p value=1), Ictal swallow:-
1.59% vs 0% respectively (p value=1), Post-ictal sneezing:- 1.59% vs 0% respectively
(p value=1)).(Table 4.22, figure 4.22).

Table 4.23: Comparison of type of cognitive symptoms between MTS + NTC
and MTS - NTC

c-g)g/g?tiovfe MTS + TS - Total P value
symptoms | NTC(M=34) | NTC(n=25)
Fastictal 2 (5.88%) 6(24%) | 8(13.56%) 0.061"
Z?frf;'sﬁ;"’" 9 (26.47%) 4 (16%) 13 (22.03%) 0.526"
SS?;GZEL 1 (2.94%) 0 (0%) 1 (1.69%) 1"
E,?E,?;:i’;ﬂ:‘ 2 (5.88%) 3 (12%) 5 (8.47%) 0.641"
Zr?ﬁgs!icatal 2 (5.88%) 0 (0%) 2 (3.39%) 0.503"

* Fisher's exact test
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Comparison of type of cognitive symptoms
between MTS + NTC and MTS - NTC
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Figure 4.23: Comparison of type of cognitive symptoms between MTS + NTC
and MTS-NTC

Distribution of type of cognitive symptoms was comparable between MTS + NTC
and MTS - NTC. (Post-ictal confusion:- 5.88% vs 24% respectively (p value=0.061),
Post-ictal amnesia:- 26.47% vs 16% respectively (p value=0.526), Post-ictal
dysphagia:- 2.94% vs 0% respectively (p value=1), Experiential phenomena:- 5.88%
vs 12% respectively (p value=0.641), Post-ictal aphasia:- 5.88% vs 0% respectively (p
value=0.503)).(Table 4.23, figure 4.23).

SCTIMST, Trivandrum 60



Results

Table 4.24: Comparison of type of emotional or affective symptoms between

MTS + NTC and MTS - NTC
Type of
emotional or MTS + MTS - Total P
affective NTC(n=25) NTC(n=11) value
symptoms
Anger 1 (4%) 0 (0%) 1 (2.78%)
Fear 24 (96%) 11 (100%) 35 (97.22%) 1"
Total 25 (100%) 11 (100%) 36 (100%)

* Fisher's exact test
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Figure 4.24: Comparison of type of emotional symptoms between MTS + NTC

and MTS-NTC

Distribution of type of emotional or affective symptoms was comparable between
MTS + NTC and MTS - NTC. (Anger: - 4% vs 0% respectively, Fear: - 96% vs 100%
respectively) (p value=1). (Table 4.24, figure 4.24).
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Table 4.25: Comparison of EEG between MTS + NTC and MTS - NTC

MTS + MTS -
EEG NTC(n=63) NTC(n=37) Total P value
II-EEG
Lateralized and
localized 58 (92.06%) 36 (97.30%) 94 (94%) )
- 0.667
Localized 3 (4.76%) 1 (2.70%) 4 (4%)
Multifocal 2 (3.17%) 0 (0%) 2 (2%)
I-EEG
Lateralized and
localized 61 (96.83%) 37 (100%) 98 (98%) 050"
Diffuse 2 (3.17%) 0 (0%) 2 (2%)

* Fisher's exact test, I-EEG: Ictal EEG, II-EEG: Interictal EEG
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Figure 4.25: Comparison of EEG between MTS + NTC and MTS - NTC

Distribution of 1I-EEG (Interictal-EEG) was comparable between MTS + NTC and
MTS - NTC. (Lateralized and localized:- 92.06% vs 97.30% respectively, Localized:-

4.76% vs 2.70% respectively,

value=0.667).

Multifocal:- 3.17% vs 0% respectively) (p
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Distribution of I-EEG (Ictal-EEG) was comparable between MTS + NTC and MTS -
NTC. (Lateralized and localized:- 96.83% vs 100% respectively, Diffuse:- 3.17% vs
0% respectively) (p value=0.529).(Table 4.25, figure 4.25).

Table 4.26: Comparison of type of Ictal-EEG between MTS + NTC and MTS -

NTC

Type of I- MTS + MTS -
EEG NTC(n=63) | NTC(n=37) Total Pvalue
Diffuse 2 (3.17%) 0 (0%) 2 (2%)
Fast beta 14 (22.22%) | 1(2.70%) 15 (15%)
. 0.007"
m&g"morph'c 47 (74.60%) | 36(97.30%) | 83 (83%)
Total 63 (100%) 37 (100%) | 100 (100%)

* Fisher's exact test, Ictal-EEG: Ictal EEG

Comparison of type of Ictal-EEG between
MTS + NTC and MTS - NTC
100% -
o 90% -
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T 40% -
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Diffuse ‘ Fast beta ‘ Monomorphic theta
Type of I-EEG
EMTS + NTC & MTS- NTC
I-EEG: Ictal EEG

Figure 4.26: Comparison of type of I-EEG between MTS + NTC and MTS - NTC

Proportion of patients with type of I-EEG:- diffuse, fast beta was significantly higher
in MTS + NTC as compared to MTS - NTC. (Diffuse:- 3.17% vs 0% respectively,
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Fast beta:- 22.22% vs 2.70% respectively). Proportion of patients with type of I-
EEG:- monomorphic theta was significantly lower in MTS + NTC as compared to
MTS - NTC. (Monomorphic theta:- 74.60% vs 97.30% respectively). (p value=0.007)
(Table 4.26, figure 4.26).

Table 4.27: Comparison of clinico-electrophysiological impression between MTS
+NTCand MTS - NTC

Clinico-
. . MTS + MTS -
elect_rophysu_)loglcal NTC(n=63) | NTC(n=37) Total P value
impression

Neocortical seizures 21 (33.33%) | 32 (86.49%) 53 (53%)
absent

. ; +
Neocortical seizures 42 (66.67%) 5 (13.51%) 47 (47%) <.0001
present
Total 63 (100%) 37 (100%) | 100 (100%)

T Chi square test

Comparison of clinico-electrophysiological
impression between MTS + NTC and MTS - NTC
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Figure 4.27: Comparison of clinico-electrophysiological impression between
MTS + NTC and MTS - NTC
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Proportion of patients with neocortical seizures was significantly higher in MTS +
NTC as compared to MTS - NTC. (66.67% vs 13.51% respectively). (p value
<0.0001) (Table 4.27, figure 4.27).

Table 4.28: Comparison of pathology side between MTS + NTC and MTS - NTC.

Patsr;gleogy NTl\gr?:Es) NT'\éI:-(rnS::??) Total Pvalue
Left 40 (63.49%) | 15(4054%) | 55 (55%)
Right 23 (36.51%) | 22 (59.46%) | 45 (45%) 0.026'
Total 63(100%) | 37(100%) | 100 (100%)

T Chi square test

Comparison of pathology side between MTS +
NTC and MTS - NTC
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Figure 4.28: Comparison of pathology side between MTS + NTC and MTS -
NTC

Proportion of patients with pathology side:- left was significantly higher in MTS +
NTC as compared to MTS - NTC. (Left:- 63.49% vs 40.54% respectively). Proportion
of patients with pathology side:- right was significantly lower in MTS + NTC as
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compared to MTS - NTC. (Right:- 36.51% vs 59.46% respectively). (p value=0.026)
(Table 4.28, figure 4.28).

Table 4.29: Comparison of ASL (Hippocampus) between MTS + NTC

and MTS - NTC
: MTS +| MTS
ASL (Hippo) NTC(n=63) NTC(n=37) Total P value
ASL
abnormality 3 (4.76%) 0 (0%) 3 (3%)
absent
ASL 0.294"
abnormality 60 (95.24%) 37 (100%) 97 (97%)
present
Total 63 (100%) 37 (100%) 100 (100%)

* Fisher's exact test

100% -
90% -
80% -
70% -
60% -
50% -
40% -
30% -
20% -
10% -

0%

% of number of patients

h.76%

MTS + NTC and MTS - NTC

0.00%

ASL abnormality absent

ASL (Hippo)

HMTS + NTC EMTS-NTC

Comparison of ASL (Hippocampus) between

ASL abnormality present

Figure 4.29: Comparison of ASL (Hippocampus) between MTS + NTC

and MTS - NTC
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Distribution of ASL (Hippocampus) was comparable between MTS + NTC and MTS
- NTC. (ASL abnormality absent:- 4.76% vs 0% respectively, ASL abnormality
present:- 95.24% vs 100% respectively) (p value=0.294).(Table 4.29, figure 4.29).

Table 4.30: Comparison of ASL-SIR (Hippocampus) between MTS + NTC and
MTS-NTC

ASL-SIR MTS +| MTS -

) Total P value
(Hippocampus) | NTC(n=63) NTC(n=37)
Mean + SD 0.78 £0.16 0.75+£0.09 0.77+£0.14
Median(25th- 0.74(0.68- 0.74(0.698-

_ 0.74(0.7-0.8) 0.286%

75th percentile) 0.78) 0.78)
Range 0.6-1.54 0.6-1.2 0.6-1.54

t Independent t test, ASL-SIR: ASL-signal intensity ratio

Comparison of ASL-SIR (Hippocampus)
between MTS + NTC and MTS - NTC

0.80 1
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0.70 -
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ASL-SIR: ASL-signal intensity ratio

Figure 4.30: Comparison of ASL-SIR (Hippocampus) between MTS + NTC and
MTS - NTC
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Mean + SD of ASL-SIR (Hippo) in MTS + NTC was 0.78 + 0.16 and in MTS - NTC
was 0.75 £ 0.09 with no significant difference between them. (p value=0.286) (Table
4.30, figure 4.30).

Table 4.31: Comparison of ASL (Amygdala) between MTS + NTC and MTS -
NTC

ASL MIFS * | MTS " | Total P value
(Amygdala) NTC(n=63) NTC(n=37)

ASL

abnormality 4 (6.35%) 1 (2.70%) 5 (5%)

absent

ASL 0.649"
abnormality 59 (93.65%) 36 (97.30%) 95 (95%)

present

Total 63 (100%) 37 (100%) 100 (100%)

* Fisher's exact test

Comparison of ASL (Amygdala) between MTS +
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Figure 4.31: Comparison of ASL (Amygdala) between MTS + NTC and MTS -
NTC
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Distribution of ASL (Amygdala) was comparable between MTS + NTC and MTS -
NTC. (ASL abnormality absent:- 6.35% vs 2.70% respectively, ASL abnormality
present:- 93.65% vs 97.30% respectively) (p value=0.649).(Table 4.31, figure 4.31).

Table 4.32: Comparison of ASL-SIR (Amygdala) between MTS + NTC and MTS
-NTC.

ASL-SIR MTS + MTS - Total P value
(Amygdala) NTC(n=63) NTC(n=37)
Mean + SD 0.77 £0.15 0.74+0.11 0.76 £ 0.13
Median(25""
75t 0.76(0.68-0.8) | 0.74(0.68-0.78) | 0.74(0.68-0.8) | 0.316%
percentile)
Range 0.6-1.6 0.62-1.2 0.6-1.6

* Independent t test, ASL-SIR: ASL-signal intensity ratio

Comparison of ASL-SIR (Amygdala) between
MTS + NTC and MTS - NTC

0.80 -
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Figure 4.32: Comparison of ASL-SIR (Amygdala) between MTS + NTC and
MTS - NTC.
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Mean £ SD of ASL-SIR (Amygdala) in MTS + NTC was 0.77 + 0.15 and in MTS -
NTC was 0.74 £ 0.11 with no significant difference between them. (p value=0.316)
(Table 4.32, figure 4.32).

Table 4.33: Comparison of ASL (Anterior temporal lobe) between MTS + NTC

and MTS - NTC.
ASL
(Anterior MTS + MTS - Total P value
temporal NTC(n=63) NTC(n=37)
lobe)
ASL
abnormality 6 (9.5%) 26 (70.3%) 32 (32%)
absent
ASL <.00001"
abnormality 57 (90.5%) 11 (29.7%) 68 (68%)
present
Total 63 (100%) 37 (100%) 100 (100%)

T Chi square test

Comparison of ASL (Anterior temporal lobe)
between MTS + NTC and MTS - NTC
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Figure 4.33: Comparison of ASL (Anterior temporal lobe) between MTS + NTC
and MTS - NTC
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Abnormality on ASL in the anterior temporal lobe was present in 90.5% of the
patients in MTS + NTC group and in 29.7 % of the patients in the MTS — NTC group
and this difference was statistically significant (p value <.00001) (Table 4.33, Figure
4.33).

Table 4.34: Comparison of ASL-SIR (Anterior temporal lobe) between MTS +
NTC and MTS - NTC.

ASL-SIR
(Anterior M'(I'r?_+6N3;I'C M;I;]S_?I)\;')I'C Total P value
temporal lobe) - a
Mean + SD 0.8+0.15 09+0.14 0.83+0.15

Median (25" -

- - - I
75 percentile) | 078 07-0:8) | 0.98 (0.78-1.01) | 0.8 (0.72-0.98)| <.0001

Range 0.62-1.7 0.6-1.02 0.6-1.7
* Independent t test, ASL-SIR: ASL-signal intensity ratio

Comparison of ASL-SIR (Anterior temporal
lobe) between MTS + NTC and MTS - NTC
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Figure 4.34: Comparison of ASL-SIR (Anterior temporal lobe) between MTS +
NTC and MTS - NTC.
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Mean * SD of ASL-SIR (anterior temporal lobe) in MTS - NTC was 0.9 £ 0.14 which
was significantly higher as compared to MTS + NTC (0.8 £ 0.15). (p value <.0001)
(Table 4.34, figure 4.34).

Table 4.35: Comparison of ASL-SIR (Temporal neocortex) between MTS + NTC

and MTS - NTC.

ASL-SIR

MTS + MTS -

(Temporal NTC(n=63) NTC(n=37) Total P value

neocortex)
Mean + SD 0.8+0.17 1+0.04 0.87+0.16

: th _

Meghan ¢(Z5 0.75(0.68-0.905) | 1.01(0.98-1.01) | 0.93(0.72-1.01) | <.0001

75" percentile)

Range

0.6-1.3

0.9-11

0.6-1.3

t Independent t test, ASL-SIR: ASL-signal intensity ratio
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Figure 4.35: Comparison of ASL-SIR (Temporal neocortex) between MTS +
NTC and MTS - NTC.
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Mean £ SD of ASL-SIR (Temporal neocortex) in MTS - NTC was 1 + 0.04 which was
significantly higher as compared to MTS + NTC (0.8 + 0.17).(p value <.0001) (Table

4.35, figure 4.35).

Table 4.36: Comparison of histopathological findings between MTS + NTC and

MTS - NTC.
g | NTC(e6e) | NTC(wan | o | Puale
Hippocampus- neuN (type of HS)
Probable HS 3 (4.76%) 2 (5.41%) 5 (5%)
HS type 1 57 (90.48%) 32 (86.49%) 89 (89%) X
HS type 2 2 (3.17%) 2 (5.41%) 4 (4%) ol
HS type 3 1 (1.59%) 1 (2.70%) 2 (2%)
Hippocampus- astrogliosis
Moderate 11 (17.46%) | 5 (13.51%) 16 (16%)

0.603"
Severe 52 (82.54%) | 32 (86.49%) 84 (84%)
Temporal lobe- LFB- grey-white bluring
Absent 38 (60.32%) 22 (59.46%) 60 (60%)

0.933f
Present 25 (39.68%) | 15 (40.54%) 40 (40%)
Temporal lobe- FCD
Absent 58 (92.06%) | 36 (97.30%) 94 (94%) ]
Present 5 (7.94%) 1 (2.70%) 6 (6%) iy

* Fisher's exact test, * Chi square test, LFB: Luxol fast blue, FCD: focal cortical

dysplasia
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Comparison of histopathological findings
between MTS + NTC and MTS - NTC
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Figure 4.36: Comparison of histopathological findings between MTS + NTC and
MTS - NTC.

Distribution of hippocampus- neuN (type of HS) was comparable between
MTS + NTC and MTS - NTC. (Probable HS:- 4.76% vs 5.41% respectively, HS type
1:- 90.48% vs 86.49% respectively, HS type 2:- 3.17% vs 5.41% respectively, HS
type 3:- 1.59% vs 2.70% respectively) (p value=0.937).

Distribution of hippocampus- astrogliosis was comparable between MTS +
NTC and MTS - NTC. (Moderate:- 17.46% vs 13.51% respectively, Severe:- 82.54%
vs 86.49% respectively) (p value=0.603).

All the specimens of Amygdala showed diffuse neuronal loss and astrogliosis
with no specific lesion. All patients showed diffuse astrogliosis in the Temporal
cortex. Distribution of temporal lobe- LFB- grey-white blurring was comparable
between MTS + NTC and MTS - NTC. (Absent:- 60.32% vs 59.46% respectively,
Present:- 39.68% vs 40.54% respectively) (p value=0.933).
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Distribution of temporal lobe- FCD was comparable between MTS + NTC and
MTS - NTC. (Absent:- 92.06% vs 97.30% respectively, Present:- 7.94% vs 2.70%
respectively) (p value=0.408).(Table 4.36, figure 4.36).

Table 4.37: Association of clinico-electrophysiological impression with ASL

(Temporal neocortex) in MTS + NTC.

Clinico- ASL ASL
electrophysiological | abnormality | abnormality | Total P value
impression absent(n=13) | present(n=50)
Neocortical seizures 8 13 21
absent (61.54%) (26%) (33.33%)
Neocortical seizures 5 37 42 0.015"
present (38.46%) (74%) (66.67%) A
Total 13 50 63

(100%) (100%) (100%)

T Chi square test

Association of clinico-electrophysiological
impression with ASL (Temporal neocortex))in

MTS + NTC
100% A
80% -
60% -
40% A

20% -

% of number of patients

0% -

Neocortical seizures absent Neocortical seizures present

Clinico-electrophysiological imp

H ASL abnormality absent E ASL abnormality present

Figure 4.37: Association of clinico-electrophysiological impression with ASL (TN)
in MTS + NTC.
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Proportion of patients with neocortical seizures was significantly lower in without
ASL abnormality as compared to with ASL abnormality. (38.46% vs 74%
respectively). (p value=0.015)(Table 4.37, figure 4.37).

Table 4.38: Association of histopathology- temporal lobe- FCD with ASL
(Temporal neocortex) in MTS + NTC.

Histopathology- ASL ASL
temporal lobe- | abnormality abnormality Total P value
FCD absent(n=13) | present(n=50)

13 45 58
Absen (100%) (90%) (92.06%)

0 5 5 x
Present (0%) (10%) (7.94%) 0.574
Total 13 50 63

(100%) (100%) (100%)

* Fisher's exact test, FCD: focal cortical dysplasia

Association of histopathology- temporal lobe-
FCD with ASL (Temporal neocortex) in MTS +

NTC
100% A
80%
60% -
40% A

0.00%

20% -

0.00%

% of number of patients

0% -
Absent Present

Histopath- temporal lobe- FCD

H ASL abnormality absent E ASL abnormality present

FCD: focal cortical dysplasia

Figure 4.38: Association of histopathology- temporal lobe- FCD with ASL
(Temporal neocortex) in MTS + NTC.
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Distribution of histopathology- temporal lobe- FCD was comparable without
and with ASL (Temporal neocortex) in MTS + NTC. (0% vs 10% respectively) (p
value=0.574). (Table 4.38, figure 4.38).

Table 4.39: Association of ASL-SIR (Temporal neocortex) with clinico-

electrophysiological imp in MTS + NTC.

ASL-SIR Neocortical Neocortical
(Temporal seizures seizures Total P value
neocortex) absent(n=21) | present(n=42)
Mean + SD 0.85+0.12 0.77+0.18 0.8+0.17
Median (25" - 0.84 0.72 0.75 0.075!
75" percentile) (0.78-0.95) (0.64-0.81) (0.68-0.905) '
Range 0.66-1.1 0.6-1.3 0.6-1.3

t Independent t test, ASL-SIR: ASL-signal intensity ratio

Association of ASL-SIR (Temporal neocortex)
with clinico-electrophysiological impression, in
MTS + NTC

1.00 -
0.90 -
0.80 -
0.70 -
0.60 -
0.50 -
0.40 -
0.30 +
0.20 -
0.10 -
0.00 -

Mean values

Neocortical seizures absent

Neocortical seizures present

ASL-SIR: ASL-signal intensity ratio

Figure 4.39: Association of ASL-SIR (Temporal neocortex) with clinico-
electrophysiological impression in MTS + NTC.
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Mean * SD of ASL-SIR (Temporal neocortex) in patients without neocortical seizures

was 0.85 £ 0.12 and in patients with neocortical seizures was 0.77 = 0.18 with no

significant association between them. (p value=0.075) (Table 4.39, figure 4.39).

Table 4.40: Univariate logistic regression to find out significant risk factors and
associations of MTS + NTC

Odds | Odds
) Beta Standard P Odds ratio ratio
Variable B - . Lower | Upper
coefficient error value | ratio
bound | bound
(95%) | (95%)
Age(years) -0.025 0.022 0.263 | 0.975 |0.933 | 1.019
Age of 0.109 0.187 0561 |1.115 |0.772 | 1.609
antecedent(years)
Age at the onset of |, e, 0.030 0.035 |0.938 |0.884 |0.995
epilepsy (A)
Seizure frequency | g 59, 0.250 0119 | 1.477 |0.904 |2.412
score
Duration of epilepsy | 4 59 0.024 0375 | 1.021 |0.975 | 1.070
(years)
Gender
Female 1.000
Male 0.314 0.415 0449 |1.369 |0.607 |3.087
Antecedent 0.386 0.421 0.359 |[1471 (0.645 | 3.354

On performing univariate regression, age at the onset of epilepsy (A) had a significant

association with MTS + NTC. Age of onset of epilepsy (A) was lower in the MTS +
NTC group with odds ratio of 0.938(0.884 to 0.995). (Table 4.40)
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Table 4.41: Association of secondary generalization with T2/FLAIR (Anterior

temporal lobe)

Secondary HI HI Total P value
generalization | absent(n=18) | present(n=82)

11 47 58
Absent (61.11%) (57.32%) (58%)

7 35 42 i
Present (38.89%) (42.68%) (42%) 768
Total oy > i

(100%) (100%) (100%)

T Chi square test

Association of secondary generalization with
T2/FLAIR (Anterior temporal lobe)

100% -
90% -
80% -
70% -
60% -
50% -
40% -
30% -
20% -
10% -

0% -

% of number of patients

Absent Present

Secondary generalization

H Hl absent E HI present

Figure 4.40: Association of secondary generalization with T2/FLAIR (Anterior

temporal lobe).

Distribution of secondary generalization was comparable in patients without and with
HI {T2/FLAIR (Anterior temporal lobe)}. (38.89% vs 42.68% respectively) (p
value=0.768).(Table 4.41, figure 4.40).
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Table 4.42: Association of motor symptoms with T2/FLAIR (Anterior temporal
lobe)

Motor H ] Total P value
symptoms | absent(n=11) | present(n=47)
6 24 30
Absent (54.55%) (51.06%) (51.72%)
5 23 28 ;
Present (45.45%) (48.94%) (48.28%) 0.835
Total 11 47 58
(100%) (100%) (100%)

T Chi square test

Association of motor symptoms with T2/FLAIR
(Anterior temporal lobe)

100% -
90% -
80% -
70% -
60% -
50% -
40% -
30% -
20% -
10% -

0% -

% of number of patients

Absent Present

Motor symptoms

HHl absent E HI present

Figure 4.41: Association of motor symptoms with T2/FLAIR (Anterior temporal
lobe).

Distribution of motor symptoms was comparable in patients without and with HI
{T2/FLAIR (Anterior temporal lobe)}. (45.45% vs 48.94% respectively) (p
value=0.835).(Table 4.42, figure 4.41).
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Table 4.43: Association of anterior temporal volume loss with T2/FLAIR

(Anterior temporal lobe)

Anterior HI HI
temporal absent(n=18) | present(n=82) Total Pvalue
volume loss
16 3 19
Absent (88.89%) (3.66%) (19%)
2 79 81 *
Present (11.11%) (96.34%) (81%) <0001
Total 18 82 100
(100%) (100%) (100%)

* Fisher's exact test

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

% of number of patients

Association of anterior temporal volume loss

with T2/FLAIR (Anterior temporal lobe)

3.66%

Absent

Present

Anterior temporal volume loss

HHI absent E HI present

Figure 4.42: Association of anterior temporal volume loss with T2/FLAIR

(Anterior temporal lobe).

Proportion of patients with anterior temporal volume loss was significantly lower in

without HI as compared to with HI. (11.11% vs 96.34% respectively). (p value
<0.0001) (Table 4.43, figure 4.42).
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Table 4.44: Association of secondary generalization with ASL (Anterior temporal

lobe) in patients with anterior temporal lobe changes

ASL ASL
abnormality abnormality Total P value
absent(n=14) | present(n=68)

Secondary
generalization

Absent [ 40 47
(50%) (58.82%) (57.32%)
7 28 35 .
Present (50%) (41.18%) (42.68%) 0.543
o 14 68 82
(100%) (100%) (100%)

T Chi square test

Association of secondary generalization with

ASL (Anterior temporal lobe) in patients with
anterior temporal lobe changes

100% A

80% -

60% -

40% - e

20% -

% of number of patients

0% -
Absent ‘

Present

Secondary generalization

H ASL abnormality absent H ASL abnormality present

Figure 4.43: Association of secondary generalization with ASL (Anterior
temporal lobe) in patients with anterior temporal lobe changes.

Distribution of secondary generalization was comparable in patients without and with
ASL abnormality. (50% vs 41.18% respectively) (p value=0.543).(Table 4.44, figure
4.43).

SCTIMST, Trivandrum 82



Results

Table 4.45: Association of motor symptoms with ASL (Anterior temporal lobe) in

patients with anterior temporal lobe changes.

20% -

Motor ASL ASL
svmptoms abnormality | abnormality Total P value
ymp absent(n=7) | present(n=40)
4 20 24
Absent (57.14%) (50%) (51.06%)
Present ; 20 23 1"
(42.86%) (50%) (48.94%)
Total ! 40 47
(100%) (100%) (100%)
* Fisher's exact test
Association of motor symptoms with ASL
(Anterior temporal lobe) in patients with
anterior temporal lobe changes
., 100% 1
S 80% -
2
s 60%
é 40% - S R
o
X

0% -

Absent

H ASL abnormality absent

Motor symptoms

Present

E ASL abnormality present

Figure 4.44: Association of motor symptoms with ASL (Anterior temporal lobe)

in patients with anterior temporal lobe changes.

Distribution of motor symptoms was comparable in patients without and with ASL
abnormality. (42.86% vs 50% respectively) (p value=1).(Table 4.45, figure 4.44).
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Table 4.46: Association of ASL-SIR (Anterior temporal lobe) with secondary

generalization in patients with anterior temporal lobe changes.

ASL-SIR | Patientswith | atents
. without
(Anterior secondary
R secondary Total P value
temporal generalization generalization
lobe) (n=35) (n=47)
Mean + SD 0.8+0.15 0.81+0.16 0.8+0.16
; th _
9”5?,1‘1'&”(25 0.78 0.78 0.78 0.75¢
percentile) (0.7-0.81) (0.72-0.82) (0.7-0.82)
Range 0.6-1.2 0.6-1.7 0.6-1.7
* Independent t test, ASL-SIR: ASL-signal intensity ratio
Association of ASL-SIR (Anterior temporal lobe)
with secondary generalization in patients with
anterior temporal lobe changes
0.82 1
0.82 -
0.81 -
g 0.81 -
E 0.80 -
é 0.80
0.79 -
0.79 -
0.78 T T
Patients with secondary generalization Patients without secondary generalization

ASL-SIR: ASL-signal intensity ratio

Figure 4.45: Association of ASL-SIR (Anterior temporal lobe) with secondary

generalization in patients with anterior temporal lobe changes.

Mean + SD of ASL-SIR (Anterior temporal lobe) in patients with secondary

generalization was 0.8 + 0.15 and in patients without secondary generalization was
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0.81 * 0.16 with no significant association between them. (p value=0.75)(Table 4.46,

figure 4.45).

Results

Table 4.47: Association of ASL-SIR (Anterior temporal lobe) with motor

symptoms in patients with anterior temporal lobe changes.

é‘o\snlzé‘:filg, Patients with | Patients without
termooral motor motor Total P value
Ioge) symptoms(n=23) | symptoms(n=24)
Mean + SD 0.79 +£0.09 0.83+0.21 0.81+0.16
H th
[\;'gfh“a” (25 0.8 0.78 0.78 0368
percentile) (0.74-0.81) (0.7-0.84) (0.72-0.82) '
Range 0.6-0.99 0.68-1.7 0.6-1.7

t Independent t test, ASL-SIR: ASL-signal intensity ratio

0.86 7

0.84 -

e o 9
N ® ®
© © N

Mean values

o
N
=)

0.74 -

0.72 -

Patients with motor symptoms

Association of ASL-SIR (Anterior temporal lobe)
with motor symptoms in patients with anterion
temporal lobe changes

Patients without motor symptoms

ASL-SIR: ASL-signal intensity ratio

Figure 4.46: Association of ASL-SIR (Anterior temporal lobe) with motor

symptoms in patients with anterior temporal lobe changes.
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Mean £ SD of ASL-SIR (AT) in patients with motor symptoms was 0.79 + 0.09 and in
patients without motor symptoms was 0.83 = 0.21 with no significant association
between them. (p value=0.368) (Table 4.47, figure 4.46).

Inter rater agreement between the radiologists:

On analysis of the images after blinding, none of the patients in the control
group with normal pre-operative MRI were found to have MTS changes by both
radiologists. None of these patients without MTS had neocortical or anterior temporal

polar changes.

All the patients in the study were also found to have T2, FLAIR hyperintensity
of the hippocampus and the amygdala by both the readers.

Table 4.48: Inter rater kappa agreement between R1-T2/FLAIR (Temporal
neocortex) and R2-T2/FLAIR (Temporal neocortex).

R1- R2-T2/FLAIR (Temporal
T2/FLAIR neocortex)
(Temporal . ) _ _ Total Pvalue | Kappa
neocortex) Hyperintensity | Hyperintensity
absent(n=39) | present(n=61)
Hyperintensity 40
absent 34 (34.00%) 6 (6.00%) (40.00%)
Hyperintensity 0 . 60
present 5 (5.00%) 55 (55.00%) | (50,000) | <0-000L | 0.770
100
Total 39 (39.00%) 61 (61.00%) (100.00%)

R1: Radiologist 1, R2: Radiologist 2

Good agreement exists between R2 (Radiologist 2)-T2/FLAIR (Temporal
neocortex) and R1 (Radiologist 1)-T2/FLAIR (Temporal neocortex) with kappa 0.77
and p value <.0001.

Among 39 patients diagnosed as hyperintensity absent via R2-T2/FLAIR
(Temporal neocortex), 34 patients had similar findings in R1-T2/FLAIR (Temporal
neocortex). Among 61 patients diagnosed as hyperintensity present via R2-T2/FLAIR
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(Temporal neocortex), 55 patients had similar findings in R1-T2/FLAIR (Temporal
neocortex). Overall concordance rate was 89.00% and overall discordance rate was
11.00% between R2-T2/FLAIR (Temporal neocortex) and R1-T2/FLAIR (Temporal
neocortex). (Table 4.48)

Table 4.49: Inter rater kappa agreement between R1-ASL (Temporal neocortex)
and R2-ASL (Temporal neocortex).

R2-ASL (Temporal neocortex)
R1-ASL

(Temporal ASL ASL Total Pvalue | Kappa
neocortex) | abnormality abnormality

absent(n=53) present(n=47)
ASL 51
abnormality | 44 (44.00%) 7 (7.00%) 0
absent (51.00%)
ASL
abnormality | 9 (9.00%) 40 (40.00%) (49‘5%%) 500001 170.650
present '

100

Total 53 (53.00%) 47 (47.00%) (100.00%)

R1: Radiologist 1, R2: Radiologist 2

Good agreement exists between R2-ASL (Temporal neocortex) and R1-ASL
(Temporal neocortex) with kappa 0.68 and p value <.0001.

Among 53 patients diagnosed as ASL abnormality absent via R2-ASL
(Temporal neocortex), 44 patients had similar findings in R1-ASL (Temporal
neocortex). Among 47 patients diagnosed as ASL abnormality present via R2-ASL
(Temporal neocortex), 40 patients had similar findings in R1-ASL (Temporal
neocortex). Overall concordance rate was 84.00% and overall discordance rate was
16.00% between R2-ASL (Temporal neocortex) and R1-ASL (Temporal neocortex).
(Table 4.49)
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Table 4.50: Inter rater kappa agreement between R1-T2/FLAIR (Anterior
temporal lobe) and R2-T2/FLAIR (Anterior temporal lobe).

R1- R2-T2/FLAIR (Anterior
T2/FLAIR temporal lobe)
(Anterior Total Pvalue | Kappa
temporal Hyperintensity | Hyperintensity
lobe) absent(n=15) | present(n=85)
Hyperintensity 0 . 16
absent 13 (13.00%) 3 (3.00%) (16.00%)
Hyperintensity 0 0 84
oresent 2 (2.00%) 82 (82.00%) (84.00%) <0.0001 | 0.809
Total 15 (15.00%) | 85 (85.00%) 10
' ' (100.00%)

R1: Radiologist 1, R2: Radiologist 2

Very good agreement exists between R2-T2/FLAIR (Anterior temporal lobe)
and R1-T2/FLAIR (Anterior temporal lobe) with kappa 0.809 and p value <.0001.

Among 15 patients diagnosed as Hyperintensity absent via R2-T2/FLAIR
(Anterior temporal lobe), 13 patients had similar findings in R1-T2/FLAIR (Anterior
temporal lobe). Among 85 patients diagnosed as hyperintensity present via R2-
T2/FLAIR (Anterior temporal lobe), 82 patients had similar findings in R1-T2/FLAIR
(Anterior temporal lobe). Overall concordance rate was 95.00% and overall
discordance rate was 5.00% between R2-T2/FLAIR (Anterior temporal lobe) and R1-
T2/FLAIR (Anterior temporal lobe). (Table 4.50).
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Table 4.51: Inter rater kappa agreement between R1-ASL (Anterior temporal
lobe) and R2-ASL (Anterior temporal lobe).

R2-ASL (Anterior temporal

R1-ASL lobe)
(Anterior
temporal ASL ASL Total Pvalue | Kappa
lobe) abnormality abnormality
absent(n=27) | present(n=73)
ASL
abnormality | 24 (24.00%) 5 (5.00%) 29 (29.00%)
absent
ASL
abnormality | 3 (3.00%) 68 (68.00%) | 71 (71.00%) | <0-0001 | 0.802
present
Total 27 (27.00%) | 73 (73.00%) 100
' ' (100.00%)

R1: Radiologist 1, R2: Radiologist 2

Very good agreement exists between R2-ASL (Anterior temporal lobe) and
R1-ASL (Anterior temporal lobe) with kappa 0.802 and p value <.0001.

Among 27 patients diagnosed as ASL abnormality absent via R2-ASL

(Anterior temporal lobe), 24 patients had similar findings in R1-ASL (Anterior

temporal lobe). Among 73 patients diagnosed as ASL abnormality present via R2-

ASL (Anterior temporal lobe), 68 patients had similar findings in R1-ASL (Anterior

temporal lobe). Overall concordance rate was 92.00% and overall discordance rate
was 8.00% between R2-ASL (Anterior temporal lobe) and R1-ASL (Anterior
temporal lobe). (Table 4.51)
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Table 4.52: Inter rater kappa agreement between R1-volume loss (Anterior

temporal lobe) and R2-volume loss (Anterior temporal lobe).

R1- R2-volume loss (Anterior
volume temporal lobe)

loss
(Anterior Total Pvalue | Kappa
temporal | Absent(n=17) | Present(n=83)

lobe)
Absent 16 (16.00%) 2 (2.00%) 18 (18.00%)

0, 0, 0,
Present 1 (1.00%) 81 (81.00%) 82 (82.00%) <0.0001 | 0.896
Total 17 (17.00%) 83 (83.00%) 100
' ] (100.00%)

R1: Radiologist 1, R2: Radiologist 2

Very good agreement exists between R2-volume loss (Anterior temporal lobe)
and R1-volume loss (Anterior temporal lobe) with kappa 0.896 and p value <.0001.

Among 17 patients diagnosed as absent via R2-volume loss (Anterior temporal
lobe), 16 patients had similar findings in R1-volume loss (Anterior temporal lobe).
Among 83 patients diagnosed as present via R2-volume loss (Anterior temporal lobe),
81 patients had similar findings in R1-volume loss (Anterior temporal lobe). Overall
concordance rate was 97.00% and overall discordance rate was 3.00% between R2-
volume loss (Anterior temporal lobe) and R1-volume loss (Anterior temporal lobe).
(Table 4.52)
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Figure 4.47: Ilustrative case 1: A left MTS case with left temporal neocortical
epileptogenesis on electrophysiological evaluation, left temporal neocortical changes on
T2/FLAIR (A) with a corresponding reduced CBF on ASL (B). Histopathology showing
neuronal loss predominantly in the CAl and CA4 regions of the Hippocampus (C),
preserved laminar architecture in the temporal neocortex, suggestive of no dysplastic
changes (D),diffuse gliosis in the left temporal neocortex (E) and grey-white matter
distinction preservation on Luxol fast stain (F) NeuN: Neuronal nuclear protein for
neuronal staining, GFAP: Glial fibrillary acid protein for gliosis, LFB: Luxol fast blue
staining for myelin, CA: Cornu Ammonis and DG: Dentate gyrus.
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Figure 4.48: Illustrative case 2: A right MTS case with right sided temporal neocortical
epileptogenesis on clinico-electrophysiological evaluation, right temporal neocortical
changes on T2/FLAIR (A) with a corresponding reduced CBF on ASL (B).
Histopathology showing neuronal loss predominantly in the CAl, CA3 and CA4 regions
of the hippocampus (C), loss of laminar architecture (black arrows) with type llla
dysplastic changes (D) and diffuse gliosis (black arrows) in the right temporal neocortex
(E). NeuN: Neuronal nuclear protein for neuronal staining, GFAP: Glial fibrillary acid
protein for gliosis, CA: Cornu Ammonis and DG: Dentate gyrus.
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Discussion

5. DISCUSSION

Evidence from various studies clarifies that MTS may be associated with
abnormality in the anterior temporal lobe and temporal neocortex as evidenced by
clinical, electrophysiological, imaging, and histopathological findings. It has already
been shown that, this abnormality on imaging is not artifactual in nature (Garbelli et
al., 2012). This has also been confirmed in our study as none of the patients in the
control group without MTS were found to have neocortical or anterior temporal lobe
MRI changes by both the Radiologists. We evaluated patients with MTS for the
presence of anterior temporal polar changes on MRI. We defined anterior temporal
changes as T2, FLAIR cortical and white matter hyperintensity, with a blurring of
grey-white matter differentiation in accordance with published literature (Mitchell et
al., 2003; Mueller et al., 2009). Almost all the patients in our study with temporal
polar changes on MRI, also had anterior temporal volume loss. In addition, MR
images were also assessed for ‘temporal neocortical changes’ which involved
extension of the T2, FLAIR hyperintensity into the lateral temporal lobe, with grey-
white matter border blurring at the lateral temporal neocortex and the fusiform gyrus.
We also performed MR perfusion with ASL to look at the associated abnormalities in

these patients.

MTS patients with, and without neocortical temporal changes on these
sequences were also assessed to look for differences in the age of onset of epilepsy,
presence of antecedent, age of antecedent, duration of epilepsy, seizure frequency
score, degree of AED resistance, semiological features, the presence of focal to
bilateral tonic-clonic progression, ictal, inter-ictal EEG findings, clinico-
electrophysiological impression regarding the presence of neocortical temporal
seizures, imaging, and histopathology. The conventional MR and ASL evaluations
were done in four regions- the hippocampus, amygdala, temporal pole, and the
temporal neocortex. The corresponding histopathological assessment was only done
in three of these regions, as the temporal pole was not available for assessment. There
was good to very good agreement between both Radiologists for all the parameters
analyzed on T2/FLAIR and ASL sequences in our study (Tables 4.48-4.52).
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Analysis of the imaging and histopathological abnormality

In the current study, Imaging assessment revealed the presence of T2/FLAIR
abnormality in the amygdala in all patients with MTS. Anterior temporal polar
changes were seen in 82% of the patients, while neocortical temporal changes were
present in 63% of the patients in the study. ASL abnormality within the hippocampus
was present in 97% of the patients, while it was present in 95% of the patients in the
Amygdala, in 82% of the patients with anterior temporal polar changes, and in 79.3%
of the patients with neocortical temporal changes.

The histopathological assessment of the resected temporal lobes revealed the
presence of Type 1 HS in 89 % of the patients, type 2 HS in 4 % of the patients, type 3
HS in 2 % of the patients. 5 % of the patients were diagnosed as probable HS on
account of the lack of availability of the complete hippocampus for histopathological
assessment. The degree of astrogliosis in the hippocampus was moderate in 16 % of
the patients and severe in 84 % of the patients. There was no difference in the degree
of astrogliosis in the hippocampus in patients with and without neocortical temporal
changes. All the specimens of Amygdala showed diffuse neuronal loss and gliosis
with no specific lesion. When the temporal neocortex was evaluated, all the patients
showed diffuse astrogliosis in the cortex and underling white matter irrespective of
the changes seen on MRI. Staining with Luxol fast blue showed myelin abnormality,
with grey-white matter blurring in 60.32 % of the patients with neocortical changes
and 59.46 % of the patients without neocortical changes, with no significant
difference. Dysplastic cortex was seen in 6 cases, 5 of whom has T2, FLAIR temporal
neocortical and anterior temporal polar hyperintensity, with a corresponding reduced
CBF in these regions on ASL. In the remaining case with dysplasia, the T2, FLAIR
hyperintensity with reduced CBF was restricted to the anterior temporal pole (Table
4.36, 4.38; Figures 4.36, 4.48).

Our findings suggest that the extra-hippocampal imaging abnormality in
patients with MTS not only extends into the other mesial temporal structures like the
amygdala, but also into the anterior temporal pole. This abnormality in most patients

extended further into the temporal neocortex. This is in concert with the results in

literature published by Mitchell et al., stating that MR changes in MTS patients are
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not only restricted to the anterior temporal pole, but extend further posteriorly. They
used the term ‘anterior temporal changes’ in their study (Mitchell et al., 2003). This is
also in agreement with the findings of Lin et al., and Mueller et al., who found that
there was diffuse neocortical abnormality on MR imaging in patients with MTS (Lin
et al., 2007; Mueller et al., 2009). Thom et al., also found in 272 MTS cases that, the
temporal neocortex exhibited histopathological abnormality (Thom et al., 2009). The
ASL abnormality in our study was present in 97% of the patients in the hippocampus
and in 95% of the patients with amygdala. The sensitivity of ASL for the detection of
epileptogenic focus in SLRE has been described to be 74 % (Kim et al., 2021).

When the histopathological specimens were evaluated in the current study to
find the underlying substrate that could be responsible for these imaging changes, we
found three distinct findings. Diffuse lateral temporal cortical and white matter gliosis
in all patients, myelination abnormality in the temporal lobe of some evaluated
patients, and dysplastic temporal neocortex in a few patients. Our results also show
that, neither the presence of diffuse astrogliosis, nor the myelination abnormality
differed between the groups with and without neocortical changes on MRI. In other
words, MR imaging cannot predict these histopathological changes in the temporal
lobe preoperatively. 5/6 (83.33%) patients with dysplastic temporal neocortex had
abnormality in both T2/FLAIR and ASL sequences (Table 4.38, figure 4.38;
Illustrative case 2 in figure 4.48). Statistically significant difference was absent, when
compared with the T2/FLAIR and ASL findings of those patients without dysplasia,
probably due to the fewer patients with dysplasia in our cohort. These results are only
partly in agreement with Mitchell et al., who suggested that, the imaging abnormality
in the anterior temporal lobe may be caused by myelination abnormality, and that
gliosis, although commonly present, has no bearing with respect to the imaging
appearance. They also stated that dysplasia is unlikely to be present in the temporal
lobe of MTS patients (Mitchell et al., 1999; Mitchell et al., 2003). The results
published by Thom et al., are more aligned with our results. In their cohort of MTS
patients, on histopathological analysis of the temporal neocortex, they found that,
about 11 percent cases had dysplasia. The remaining patients also showed diffuse
gliosis of the cortex and underlying white matter. MRI could not be used to

differentiate between cases with and without dysplastic neocortex in their study
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(Thom et al., 2009). Garbelli et al., only analyzed the anterior temporal pole in their
study. They found that the imaging abnormality in the anterior temporal pole was due
to an underlying myelin pathology in the temporal lobe. Astrogliosis, although
diffusely present in all patients in their study did not influence the imaging
appearance of the temporal pole. There was also no significant difference in the MR
appearance of this region with or without underlying dysplastic changes (Garbelli et
al., 2012). The dysplastic neocortex was initially labelled as ‘dual pathology’ in MTS
patients. The task force of ILAE diagnostic methods confirmed in 2011, that this was
not to be called as dual pathology. Rather, they classified it as focal cortical dysplasia
type Illa, the diagnosis of which is based on histopathological criteria (Bliimcke et al.,
2011). This task force in 2013 published a summary of the additional pathology that
has been shown to be present in the rest of the temporal lobe in MTS patients. They
stated that, the anterior temporal changes on MRI in these patients were most likely
caused by myelin loss. They also detailed that, type Illa dysplastic changes may be

present in the temporal neocortex in these patients (Blimcke et al., 2013).

It is noteworthy that, none of the studies in the literature used advanced MR
imaging with ASL to evaluate these patients. It is apparent that, the underlying
histopathological abnormality in the anterior temporal pole and temporal neocortex in
MTS cases can be a very heterogenous mixture, that can vary from patient to patient.
We noticed that the imaging findings outside the medial temporal lobe, in these
patients extend not only to the anterior temporal pole, but also into the temporal
neocortex, to a variable degree. The underlying histopathological substrate for these
anomalies, is possibly a combination of gliosis in all patients, myelin loss in some
patients and the presence of dysplasia in a few patients. Although it is difficult to
predict the exact underlying histopathological makeup with conventional MRI using
T2, FLAIR sequences, our results show that ASL abnormality was present almost all
the patients with dysplasia (Table 4.38). Although, this difference could not reach
statistical significance, due probably to a smaller sample size of dysplasias in the
cohort. There might be a possibility of the MTS patient having associated dysplastic
temporal neocortex if there is abnormality of the temporal neocortex, on both the
structural MRI (T2/FLAIR) and ASL sequences. This may be of clinical interest and

needs to be evaluated further in future studies.
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Demographic features and clinical history

We found that, patients with neocortical temporal seizures more commonly
had left sided involvement, although the reason for this is unclear (Table 4.28). Our
results also show that, demographic features, presence of antecedent, age of incidence
of the antecedent, duration of epilepsy, seizure frequency and the AED resistance
were not different between the two groups. Our results are partly concordant with the
study done by Garbelli et al. who found that there was no difference in MTS patients
with and without anterior temporal polar changes, for characteristics like the presence
of antecedent and seizure frequency (Garbelli et al., 2012). They also stated that, a
longer duration of epilepsy was associated with anterior temporal polar changes,
which does not agree with our results. This study results are also in contrary to that
published by Mitchell et al., in 2003; i.e., MTS patients with anterior temporal
changes on MRI had a lower age of antecedent incidence (Mitchell et al., 2003). The
presence of an initial antecedent and the duration of epilepsy influenced the degree of
neocortical pathology in MTS patients, as opined by Lin et al (2006). Thom et al.,
found that, a history of febrile seizure was more common in MTS cases with ‘re-
organizational dysplasia’ in the temporal neocortex, than those without (Thom et al.,
2009).

We also found that, patients with neocortical changes on MRI, had an earlier
onset of habitual seizures (Table 4.4, Figure 4.4). This association was found on
logistic regression analysis as well (Table 4.41). Previously published studies also
claim that, habitual seizures started early in patients with anterior temporal changes
(Mitchell et al., 2003; Muzumdar et al., 2016). The task force for ILAE diagnostic
methods opined that the type Illa FCD that is seen in patients with MTS is probably
caused by the same etiopatholgical factors that were responsible for MTS and is
established at the same point in time (Blimcke et al., 2013).

We think that, the pathological changes in the anterior temporal lobe and the
lateral temporal neocortex share the same etiological factor, and is established at the
same time as MTS. The pathophysiological pathway by which, the antecedent causes
the neocortical temporal changes along with the MTS s still obscure. The factors that

are responsible for the differential involvement of the temporal neocortex in different
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patients with MTS are also unclear. It is already known that, certain genetic factors,
although not directly responsible, may predispose patients to have MTS, by increasing
their propensity for febrile seizures or temporal lobe seizures (Compiled by Heinz-
Gregor Wieser for the ILAE Commission on Neurosurgery of Epilepsy, 2004). It is
possible that, genetic factors that are yet to be identified, may explain why only some
patients with MTS have neocortical temporal changes on MRI. Habitual seizures
started early in patients with these changes, compared to their counterparts, possibly

due to the epileptogenic potential of this region.
Clinical and electrophysiological assessment

We also assessed these neocortical changes for their epileptogenic activity and
evolution in MTS patients. There was no significant difference between patients with
neocortical changes and those without, in the incidence of individual semiological
features like, aura, motor symptoms, automatisms, autonomic, cognitive, and
emotional symptoms. Sensory symptoms however, showed a statistically significant
difference with greater presence in MTS patients with neocortical changes (Table
4.11, Figure 4.11). The most common sensory symptoms that were present in the
study group were auditory and vertiginous auras (Table 4.19, Figure 4.19), which are
characteristic of neocortical epileptogenesis. There was also no difference in the
incidence of focal to bilateral tonic-clonic progression and inter-ictal EEG findings
between the groups. Both groups showed that the inter-ictal discharges and ictal onset
was mostly localized and lateralized. Analysis of ictal EEG patterns showed that,
patients without neocortical temporal changes mostly had monomorphic theta
waveforms, while 22.22% patients with neocortical temporal changes had fast beta
waveforms, more characteristic of neocortical ictal onset (Table 4.26, Figure 4.26).
Two patients with neocortical temporal changes group had diffuse ictal onset on EEG,
out of which one patient had dysplastic temporal neocortex. The clinical and
electrophysiological opinions were assessed in concert in the patient management
conference for pre-surgical formation of a hypothesis on the location of the EZ. The
red flags that were considered for the epileptogenesis outside the medial temporal
lobe were the presence of high degree of clustering, high frequency of secondary

generalization, auras characteristic of neocortical seizures and the presence of beta
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rhythm on ictal EEG. 66.67% of patients with neocortical temporal changes had
neocortical epileptogenesis, while 13.51% of the patients without these changes on
MRI had ictal onset from the temporal neocortex, and this difference was statistically
significant (Table 4.27, figure 4.27). Interestingly, when we looked at the imaging
findings in the cohort of MTS patients with neocortical changes, we found that,
presence of abnormality within the temporal neocortex on T2/FLAIR and ASL
sequences, was associated with neocortical epileptogenesis relative to the presence of
abnormality on T2/FLAIR alone (Table 4.37, figure 4.37). On quantitative analysis of
ASL images, there was a statistically significant difference in the ASL-SIR in the
anterior temporal pole and temporal neocortex, between patients with and without
neocortical temporal changes (Tables 4.34,4.35; figures 4.34,4.35). There was
however, no difference in these values in the temporal neocortex, between those
patients with neocortical epileptogenesis and those without, within the cohort with
neocortical changes Table 4.39, Figure 4.39). This could probably be due to the poor
spatial resolution of ASL. We also found that, the presence of anterior temporal polar

changes was not associated with any specific semiological features.

Our results are concordant with those published by Barba et al., who in their
study performed a retrospective review of 80 temporal lobe epilepsy patients. They
found that, a significant number (77.2 percent) of patients with semiological and
electrophysiological features suggestive of ictal onset outside the medial temporal
lobe, had MRI findings suggestive of MTS (Barba et al., 2007). Fauser et al., in 2006
analyzed MTS patients with histologically proven dysplasia in the neocortex. On
invasive EEG recordings, 34.7 percent of MTS patients had ictal onset from the
temporal neocortex (Fauser and Schulze-Bonhage, 2006). Garbelli et al. found that
patients with temporal polar changes had a higher incidence of dystonic features on

semiological evaluation (Garbelli et al., 2012).

We think that the temporal neocortex in a significant number of MTS patients
is not a passive bystander in the epileptogenic network. Although the heterogenous
mixture of pathological changes in the temporal neocortex, apart from dysplasia are
poorly predicted by MRI, interpretation of T2/FLAIR and ASL sequences together

could help predict the role of lateral temporal cortex in seizure generation in these
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patients. ASL has been already shown to have good predictive value for localization
in SLRE (Nagesh et al., 2018). This utility of ASL could also be applied to MTS
patients. ASL, is therefore a valuable addition to epilepsy protocol MRI brain.
Interpretation of clinical, electrophysiological, structural MRI and ASL findings in
concert could prove to be quite valuable to approximate the extent of epileptogenic
zone in MTS patients, which could be targeted for resection. However, this needs to
be validated further with larger future studies. Although the benefit of anterior
temporal lobectomy relative to selective amygdalohippocampectomy is controversial
in literature, few authors have suggested that anterior temporal lobectomy is better
than selective amygdalohippocampectomy, especially in resource limited settings like
in India (Muzumdar et al.,, 2016). When there is a suggestion of neocortical
epileptogenesis in the pre-surgical evaluation with various modalities including
imaging with conventional sequences and ASL, anterior temporal lobectomy might
provide better ~ seizure  freedom after  surgery, than selective
amygdalohippocampectomy. The extent of safe lateral temporal neocortical resection
has been published in literature to be up to 5.5 cm from the temporal pole in the non-
dominant hemisphere, and 4.5 cm from the temporal pole in the dominant hemisphere
(Muzumdar et al., 2016). Alternatively, intra-operative electrocorticography may be
used, to tailor the extent of this resection. But pre-operative prediction of this need

might be of great help in planning MTLE surgery.
Limitations of the study

Our study has a few limitations:

1. Previously published literature on involvement of the temporal neocortex in
quantitative imaging analysis has shown a diffuse reduction in the thickness.

We did not perform a quantitative analysis of the same, in the current study

2. DTI images could have been used for quantification of the myelin abnormality
in the temporal white matter seen on histopathology. We could not calculate
the fractional anisotropy values from DTI due to the lack of availability of

high-resolution DTI images in our retrospectively studied patients.
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3. The post-operative outcome, assessed by seizure freedom ATL + AH was not
compared, between MTS patients with, and without neocortical temporal

changes.

Future studies may be performed to quantitatively analyze MR images for a more
precise correlation of imaging, histopathological and clinico-electrophysiological
characteristics of the MTS patients with temporal neocortical changes. Analysis of
outcome after surgery may be a more definitive criterion for the evaluation of the
capability of ASL in delineating the epileptogenic zone.
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6. SUMMARY AND CONCLUSION

1. The imaging abnormality in MTS patients outside the medial temporal lobe
consisted of anterior temporal polar abnormality, visible as T2/FLAIR
hyperintensity of the cortex and underlying white matter, with a blurring of
grey-white differentiation. Almost all patients with anterior temporal polar
changes had anterior temporal volume loss. This abnormality also had a

variable extension into the temporal neocortex posteriorly.

2. Patients with neocortical temporal changes on MRI have an earlier onset of

habitual seizures.

3. The structural MRI features in some patients, were accompanied by perfusion
abnormalities in the corresponding regions on ASL with hypoperfusion in the

inter-ictal period, and hyper-perfusion in the peri-ictal period.

4. The underlying histopathological changes responsible for these changes, were
a mixture of variable degree of gliosis in all patients, myelin loss in some

patients and dysplasia in a few patients.

5. Gliosis of the cortex and underling white matter in the anterior temporal pole,
extending beyond to a variable extent into the lateral temporal lobe, was
present in all the patients irrespective of the presence or absence of temporal
neocortical changes on MRI. There is also no significant difference in the
imaging findings in patients with and without myelin abnormality. Although
no statistical significance was attained, all except one patient with neocortical

temporal dysplasia had abnormality on both T2/FLAIR and ASL sequences.

6. Higher number of patients with neocortical epileptogenesis had abnormality
on T2/FLAIR and ASL, than on T2/FLAIR alone.

To conclude, the MRI changes at the anterior temporal pole and temporal
neocortex in patients with MTS represents a continuum, and consists of hyperintensity
on T2/FLAIR sequences in the cortex and underlying white matter with blurring of
grey-white matter differentiation. They may share a common etiological factor, and
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may be established at the same time as MTS. The pathophysiological mechanisms are
not clear. The presence of these changes is associated with an earlier onset of habitual
seizures in MTS patients. The underlying histopathological substrate is usually a
mixture of gliosis in all patients, myelin loss in some patients and dysplasia in a few
patients. As hypothesized, MRI is a poor predictor of the underlying histopathological
make up. Addition of ASL to epilepsy protocol MRI may help predict the presence of
associated dysplasia. Future studies may be done to evaluate the role of ASL in this
regard, with a larger sample size. Presence of neocortical temporal changes on MRI is
associated with a higher rate of neocortical epileptogenesis. Addition of ASL
enhanced the capability of MRI to predict neocortical seizures in these patients. This
concordance of abnormality on T2/FLAIR, ASL and clinico-electrophysiology in such
patients suggests that, the temporal neocortex is possibly a part of the epileptogenic
zone and needs to be targeted during surgery. Preoperative prediction of this fact may

be of significance in the treatment planning.
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Professor, Department of Imaging Sciences ]
Department of Imaging Sciences and Interventional Radiology, ‘
and Interventional Radiology, Sree Chitra Tirunal Institute for ‘
Sree Chitra Tirunal Institute for Medical Medical Sciences and Technology,
Sciences and Technology, | Trivandrum, Kerala, India, 695011.
Trivandrum, Kerala, India, 695011.

| Telephone (Office): + 91 471 2524117 o | Mobile Number:+ 91 9447719481

| Telephone  (Residence):+ 91 471 2440687 ' Email bejoyi sctimst.ac.in J
Academic Qualifications (Most recent qualification first)

Degree/Certificate |Year- 1 Institution, Countyy
" Clinical Fellowship, Pediatric 2009 The Hospital for Sick Children,
Neuroradiology | University of Toronto, ON,
| Canada
—BOYSCAST Fellowship | 2004 [ University Hospital,
| Gasthuisberg, Katholieke
Universiteit
Leuven, Belgium.
“PDCC ( Neuroand Vascular {998 | Sree Chitra Tirunal Institute for |
Radiology) Medical Sciences
and Technology,

; | e | — Thiruvananthapuram, India

' DNB (Radiodiagnosis) 1997 National Board
R - ‘ _ lof E;;aminat_i_ons, India i
,} MD (Radiodiagnosis) '_F)97 | N.H.L. Municipal

Medical College, Gujarat

’ | University, India
MBBS 1993 “Government Medical College
Kottayam, Mahatma
| | Gandhi University, Kottayam,
(O WSO | ... )
Details of professional registration (MCI/State chustrauon/nanf Council/DCl/etc including
Registration Number and Year of Registration TCM Reg No: 20483 year 1993
e = _ = e e 1
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| Current and previous positions (most recent position first) B .
Month and Year Title | Institution/Company, Country

July 2012 Professor Department of Imaging Sciences
} and Interventional Radiology, Sree

Chitra Tirunal Institute for
Medical Sciences and Technology (
. SCTIMST}, Kerala, India

| April 2009 | Additional Professor . -
| April 2005 __Associate Professor 3 B |
|_April 2001 Assistant Professor 1

| Brief summary of relevant research experience:

' Advanced Neuroimaging, Quantitative Image Analysis, Functional and Metabolic
Neurcimaging, Medical devices innovation
| Current project/s at hand: o
rsfMRI in DAVF (prospective)
Brain perfusion changes under GA measured using ASL (retrospective)
| Development of a prototype vein viewer and extravasation prevention system
i Date: 28. 09. 2018

| Signature: 5/d A | Place: Thiruvananthapuram
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CV- Dr. Ashalatha Radhakrishnan

Last Name: First Name: Dr Middle Name
Radhakrishnan Ashalatha
Date of Birth (dd/mm/yy): 13/05/1970 Sex: Female

Study Site Affiliation (e.g. Principal Investigator, Co-Investigator, Coordinator)

Principal Investigator

Professional Mailing Address(Include

Institution name)

Study Site Address (Include
Institution name)

Professor of Neurology, Department of
Neurology, Sree Chitra Tirunal Institute
for Medical Sciences andTechnology

(SCTIMST),
Medical College P.O,

Thiruvananthapuram - 695011

SCTIMST, Medical College P.O,
Thiruvananthapuram

Telephone (Office): 91-471-2443520

Mobile Number: 9847416321

Telephone (Residence):

Email:drashalatha@sctimst.ac.in

Academic Qualifications (Most recent qualification first)

Degree/Certificate Year Institution, Country

Fellow of American 2017 -18| The Royal College of Physicians and

Neurological Association Surgeons ofGlasgow, Scotland

(FANA) Fellow of Royal

College of Physicians

(Glasgow) MBA( Hospital

Administration &

HRD)

Training in Stereo EEG for | 2016 Montreal, Canada

utilization in surgical

evaluation ofrefractory

Epilepsy

Training in EEG co- 2012 Queen Square Hospital,

registered MRIfor UniversityCollege, London

application in refractory

epilepsy

Fellowship in Epilepsy & | 2007- Austin Health, Melbourne, Victoria,

SleepMedicine 2008 Melbourne University, Australia (under
supervision of Prof. Samuel F Berkovic and
Rob J Pearce, University of
Melbourne)

M.D General Medicine 1999 Govt. Medical College, Alappuzha, University
of Kerala

MBBS 1994 Govt. Medical College, Alappuzha, University
of Kerala
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Details of professional registration : (MCI/State Registration/Bar Council/DCl/etc
including RegistrationNumber and Year of Registration: TCMC-21956/1994

Current and previous positions (most recent position first)

Month and Year | Title Institution/Company, Country

January 2016-

continuing Professor SCTIMST, Trivandrum

2015-2017 Additional Professor SCTIMST, Trivandrum

%%rlléary 2009 - Associate Professor SCTIMST, Trivandrum

June 2008 —

December Consultant in Neurology(Sleep SCTIMST, Trivandrum

2008 Project)

January 2007-May | Fellowship Training in Epilepsy and

2008 Sleep SCTIMST, Trivandrum
Medicine

August 2006 —

February 2007 Assistant Professor SCTIMST, Trivandrum
Ad Hoc Consultant in Neurology

June 2003 — July and Epilepsy SCTIMST, Trivandrum

2006 Program

Brief summary of relevant research experience:

The applicant has been working as a faculty member in the Department of
Neurology, Sree Chitra Tirunal Institute and Medical Sciences (an institute of national
importance under the Department of Science and Technology, Govt. of India) since
2003 after completing the graduation in Neurology in the same institute. She is
devoting 70% of her time in the R. Madhavan Nayar Center for Comprehensive
Epilepsy Care which is the largest of its kind in the country with state of the art
facilities catering to patients with epilepsy headed by Dr. Sanjeev Thomas, Professor
of Neurology and a renowned epileptologist. During this period she has focused in the
evaluation and management of medically refractory epilepsy and its surgical
management by developing new neuroimaging techniques like functional MRI-
coregistered EEG, diffusion tensor imaging and fiber tracking, voxel based
morphometry etc related to epilepsy.

Functional MRI-EEG coregistration technique aids in the pre-surgical
workup of epilepsy patients when other investigation tools fail to localize the area of
epileptogenic focus. Dr Ashalatha along with her colleagues in Neuroradiology and
Biomedical technology wing standardized the procedure of EEG- fMRI for the first
time in the country which is now in the process of being utilized in the field of pre-

surgical evaluation of refractory cases of epilepsy.
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In conventional MRI negative epilepsy patients, she along with

computer scientists has developed newer computational software for detection of
subtle cortical dysplasia by a method called voxel based morphometry (VBM) which
was presented for the first time from India in the International Conference on
Epilepsy at Melbourne, Australia in October,2010. Newer sequences have been
applied for the clinical problem. These methods are now going to be utilized for the
detection of such subtle lesions like focal cortical dysplasias which may aid the
epileptologist to proceed with better treatment for epilepsy.
The applicant has also applied advanced neuroimaging protocols such as diffusion
tensor imaging with fiber tracking of white matter tracts aiding in the mapping of
white matter tracts in the pre-surgical evaluation of patients with epilepsy. This will
aid the surgeon to plan out his surgery at or close to eloquent areas in order to avoid
untoward complications like hemiparesis, speech difficulty etc which are the major
hindrances in selection of candidates for brain surgery. This work is not being done in
any other parts of the country and author won the Young Investigator award for this
pioneering work at the 100th International Congress of Epilepsy at Budapest, Hungary
in 20009.

Current project/s at hand:

1. Multimodal imaging in pre surgical evaluation of extra temporal lobe epilepsy-(PI)

2. Utility of 3D pseudo continuous ASL perfusion in pre- surgical evaluationof focal
temporal and Extratemporal epilepsy -(Co- PI)

3. Prevalence of sleep disordered breathing (SDB) in children with attention deficit
hyperactivity disorder (ADHD) and its response to treatment in school going
children in Thiruvanathapuramdistrict-(PI)

4. A genetic association for severe hyponatremia and central pontinemyelinolysis-
(PI)

5. Genome-Wide Association and Blood Marker study in Narcolepsy and
Hypersomania-(Pl)

6. Association of Pulmonary arterial hypertension (PAH) and cardiac arrhythmias in
patients of Obstructive sleep apnea (OSA) and possible therapeutic benefit with
CPAP treatment-(PI)

7. Clinical profile and outcome in patients with autoimmune encephalitis-(PI)
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8. Global audit of treatment of refractory Status Epilepticus-(PI)

9. Development of intracranial electrodes for use in acute and chronic
electrocorticography-(Co-Pl)

10. Indigenous Intracranial electrode manufacture (TRC) — (DST Funded) - (Co-PI)

11. Model the effect of Mutations of HCN Channels in Neuronal Excitability and
impact of GABABR onGIRK and HCN mutations using NEURON - (DBT
Funded) — (Co-PI)

12. Validation of memory fMRI paradigms and its utility in
pre-surgical evaluation of patients with refractory TLE — (Co-PI)

13. A resting state fMRI and task based fMRI study: Optimization, language
lateralization, memory lateralization and connectivity in normal subjects versus
patientswith epilepsy - (DBT Funded) — (Co_PI)

Signature: Date: 31/08/2021
Place: Thiruvananthapuram
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CV-Dr. Deepti A.N.

AN Deepti
Last Name First Name Middle Name
Date of Birth (dd/mm/yy):  17/07/1974 Sex: Female

Study Site Affiliation (e.g. Principal Investigator, Co-Investigator, Coordinator):

Co-Investigator

Professional Mailing Address:

(Include Institution name)

Study Site Address

(Include Institution name)

Department of Pathology
SCTIMST, Trivandrum

Department of Pathology
SCTIMST, Trivandrum

Telephone (Office): 0471-2524594

Mobile Number: 9481036933

Telephone (Residence): -

Email: akkihebbal@sctimst.ac.in

Academic Qualifications (Most recent qualification first)

Degree/Certificate | Year Institution, Country

PhD 2014 Université catholique de Louvain, Belgium
Postdoctoral 2005- National Institute of Mental Health and
fellowship in 2006 Neurosciences, Bangalore, India

Neuropathology

MD (Pathology) | 2004 Christian Medical College, Vellore, Tamil Nadu,
India
MBBS 1998 Karnatak University, Dharwad, Karnataka, India

Details of professional registration : (MCI/State Registration/Bar Council/DCl/etc
including Registration Number and Year of Registration

Tamil Nadu Medical Council Registration Number: 67785 Year: 2008

Current and previous positions (most recent position first)

Month and Year Title Institution/Company, Country

December 2015 Associate Professor

till date (Pathology) SCTIMST, Trivandrum
Lecturer, Department of Christian Medical College,

SCTIMST, Trivandrum
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June 2006 to June General Pathology Vellore
2008

June 2004 to June | Demonstrator (Non-PG), Christian Medical College,
2005 Department of General Vellore

Pathology

Brief summary of relevant research experience: Experience in Neuropathology,
immunohistochemistry, molecular techniques (PCR, including RT-PCR; FISH), in
silico analysis (gene expression profiling, microarray-based)

Current project/s at hand: -

Signature:

Date: 27-09-2018

Place: Thiruvananthapuram

SCTIMST, Trivandrum

126



Annexures

CV-Dr. Rajalakshmi P

P RAJALAKSHMI
Last Name First Name
Date of Birth (dd/mm/yy): 19/03/1984 Sex: F

Study Site Affiliation: Assistant Professor, Department of Pathology, SCTIMST

Professional Mailing Address(Include Study Site Address (Include

Institution name) Institution name)

Department of PathologySCTIMST Department of PathologySCTIMST

Trivandrum- 695011 Trivandrum- 695011

Telephone (Office): 0471 2524494 Mobile Number: 9620643510

Telephone (Residence): Email: rajalakshmi.p.19@gmail.com

Academic Qualifications (Most recent qualification first)

Degree/Certificate Year Institution, Country

PDF- Neuropathology 2015 NIMHANS, Bangalore, India

MD- Pathology 2011 Mysore medical College and
Research Institute, Mysore,
India

MBBS 2005 JIPMER, Puducherry, India

Details of professional registration : (MCI/State Registration/Bar
Council/DCl/etc includingRegistration Number and Year of Registration
Registration no: 80327 Year of registration: 2007

Tamil Nadu Medical Council

Current and previous positions (most recent position first)

Month and Year Title Institution/Company, Country

Aug 2016 till date Assistant Professor | SCTIMST, Trivandrum, India

Jan 2016 to June 2016 | Senior Resident NIMHANS, Bangalore, India

Aug 2015 to Dec 2015 Junior Consultant Bangalore Hospital, Bangalore,
India

Aug 2014 to June 2015/ PDF- NIMHANS, Bangalore, India

Neuropathology

March 2013 to June Senior Resident JIPMER, Puducherry, India

2014

July 2011 to March Assistant Professor | Sri Manakula Vinayagar Medical

2013 Collegeand Hospital, Puducherry,
India

Brief summary of relevant research experience: Nil

Current project/s at hand: Nil

. - W Date: 31.01.2019
Signature: Place: Trivandrum
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APPENDIX-A-IEC Approval form
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SREE CHITRA TIRUNAL INSTITUTE FOR MEDICAL SCIENCES AND TECHNOLOGY, TRIVANDRUM
Thiruvananthapuram - 695 011, Kerala, Indla
(An Institute of National Importance under Govt. of india)

Grams : Chitramet, Phone : +91-471-2443152, Fax : +91-471-2550728 / 2446433, E-mall : sct@sctimst.ac.in, Website : www.sctimst.ac.in

Institutional Ethics Committee
(IEC R2gn No. ECRI89/Inst/KLI2013/RR-21)

SCT/IECI1TT6/NOVEMBER/2021

27.12.2021

Dr. Viswanadh KSVG
Senior Resident
Department of IS & IR

SCTIMST, Thiruvananthapuram

Dear Dr. Viswanadh,

The Institutional Ethics Committee held on 26" November, 2021, reviewed and discussed your

application to conduct the study tilled "ADVANCED MR IMAGING CORRELATES oOF
HISTOPATHOLOGICAL CHANGES, iN AMYGDALA AND THE TEMPORAL NEOCORTEX IN MESIAL

TEMPORAL SCLEROSIS" (IEC/1776).

The following members of the Ethics Committee were

present at the meeting held on 26"

November, 2021 at Residences and Offices of IEC Members via Video Conference
"SL. | Member Name Highest Degree Gender | Scientific /Non | Affiliation |
' No. Scientific with ‘
‘ - F Institution(s) |
1 Prof. C.C. Kartha ' MBBS MD Male Basic Medical Neo
Scientist
= _==lilfis . (Chairman) v s
2. | Dr. Kala Kesavan P MBBS MD Female | Basic Medical ‘ No
PR =i Scientist E——
3. | Smt Sathi Nair = __| MA (English Literature} | Female | Lay Person_ | No |
4 Dr. Pradeep S MBBS. MD Male Basic Medical [ No
] ___|Scientt | |
' 5. | Adv. N Anand BAL L.LB Male | Legal Expert A|> No
| 8. | Adv. Priya Kaimal | LLM. MBL Female |LlegalExpet |  No
| 7 Dr. Achuth Sankar S. Nair Ph.D (i.Engineering Male | Social Scientist No
| . A 11| ) SO o | ,
’ & | Dr. Harikrishna Varma P. R Ph D (Materials Male Medical Yes ;
o Sciences) Technology | =
| 8. | Or Narayanan Namboodiri. K K| MBES.MD,DM | _Male | Clinician | Yes !
10. | Dr. Manikandan.S ____ 1 MBBSMDPDCC _Male | Clinician Yes |
11| Dr._Ashalatha R MBES, MD.DM _ |_Female [ Clinician == Yo -
12. | Dr. Biju Soman MBES,MD. DPH, MSc, Male | Basic Medical [ Yes
‘ i _DLSHTM i Scientist ' ;
| 13. | Dr. Stinivas G PhD Male Basic Medical Yes l
; Scientist ;
(Member l
N | Secretary) . |
Page 1 of2
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SCTNEC/1776/NOVEMBER-2021

The following documents were reviewed:
Original submission

1. Checklist Form

2. Covering letter addressed to the Chairperson, IEC, SCTIMST dated 07 10.2021
3 IEC Application Form

4. Project Proposal

5 Declaration Form

6. Informed Consent Form in English and Malayalam

7. Patien! information Sheet in English and Malayalam

8. CVofPland Co-Pls

9 Proforma

10. SRC Approval Lefter

Ravised submission

Checklist Form

Covering lattor addressed to the Chsiperson, IEC, SCTIMST dated 24.12.2021
IEC Applicalion Form

Project Proposal

Declaration Form

Informed Cansent Form in English and Malayalem

Patien! information Sheet in English and Malayalam

CV of Pl and Co-Pls

Proforma

LR e S R SRS

IEC Decision
The IEC approved the conduct of the study in the present form

Remarks:

The Institutional Ethics Committee expects to be informed about the progress of the study, any SAE
occurring in the course of the study, any changes in the protocol and patient information/informed
consent and asks to be provided a copy of the final report.

There was no member of the study team who participated in voting / decision making process The
ethics committee is organized and operated according to the requirements of Good Clinical Practice
and the requirements of the Indian Council of Medical Research (ICMR)

Sincerely

Sl

G. Srinivas
Member Secretary, |IEC

Paga2ul2
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APPENDIX B
Supplementary table-1

PROFORMA

/f{g} .“:’?:\

Sree Chitra Tirunal Institute for Medical Sciences and Technology
Thiruvananthapuram, Kerala-695011

TITLE OF THE STUDY: Advanced MR imaging correlates of
Histopathological changes in Amygdala and the Temporal neocortex in Mesial
Temporal Sclerosis.

1. Patient demographic data:
1.1 Serial number:

1.2 Patient gender:
1.3 Age (in years):

2. Clinical History:

2.1  History of Antecedent: Present (1)/absent (0)

2.2 Antecedent type: (F)-Febrile seizure, (FS)- Febrile status, (H)- Perinatal
hypoxia, (MAS)- Meconium aspiration, (ME)-Meningoencephalitis, (HE)-
Head trauma

2.3 Age of antecedent (in years):

2.4 Aqge of onset of epilepsy (in years):

2.5 Aqge at surgery (in years):

2.6 Duration of epilepsy (in years):

SCTIMST, Trivandrum 130



Annexures

2.7

2.8

Seizure frequency score:

Number of anti-epileptic drugs:

3. Semioloqgical features:

3.1
3.2
3.3

3.4
3.5

3.6
3.7

3.8
3.9

3.10
3.11

3.12

Secondary generalization: Present (1)/absent (0)

Aura: Present (1)/absent (0)

Type of aura: (F)- Fear, (A)-Anger, (E)- Experiential (Deja vu, Jamis vu),
(AU)- Auditory, (VE)-Vertiginous sensation, (V)-Visual, (FS)-Foul-smell,
(N)-Nausea, (R)- Retching, (E)-Epigastric sensation, (CE)- Cephalic
sensation, (P)-Palpitations, (T)-Tiredness, (C)-Cold sensation, (U)-
Undescribable, (PR)-Premonition, (CH)-Chest discomfort.

Sensory symptoms: Present (1)/absent (0)

Type of sensory symptoms: (AU)-Auditory, (VE)-Vertiginous sensation, (V):
Visual, (FS)- Foul-smell, (C)- Cold sensation
Motor symptoms: Present (1)/absent (0)

Type of Motor symptoms: (PT)-Post-ictal todds, (I)- Inability to move, (HE)-

Head and eye adversion, (ULP)-Upper limb posturing, (LLP)- Lower limb
posturing, (ULLP)- Upper and lower limb posturing, (HC)- Hemiclonic jerks,
(DUL)-Dystonic posturing of upper limb

Automatisms: Present (1)/absent (0)

Type of Automatisms: (UL)- Upper limb, (B)- Bimanual, (V)-

Vocalization/ictal speech, (O)- Oral (Lip-smacking/Chewing), (W)-
Wandering behaviour, (R)- Rubbing ears, (D)- Drinks water, (VI)- Violent
behaviour, (S)- Search, (IN)- Ictal nose wiping, (RF)- Rubbing face, (L)-
Leaving behaviour, (PL)- Pedaling movements of lower limb

Autonomic symptoms: Present (1)/absent (0)

Type of Autonomic symptoms: (PI)- Piloerection, (PA)-Palpitations, (N)-
Nausea, (R)- Retching, (S)- Salivation, (EP)- Epigastric sensation, (AB)-
Abdominal pain, (PICO)- Post-ictal cough, (ICO)- Ictal cough, (IS)- Ictal

swallow, (P1S)- Post-ictal sneezing

Cognitive symptoms: Present (1)/absent (0)

SCTIMST, Trivandrum 131



Annexures

3.13

3.14
3.15

Type of Cognitive symptoms: (PIC)- Post-ictal confusion, (PIA)- Post-ictal

amnesia, (PID)- Post-ictal dysphagia, (E)- Experiential phenomena, (PIAP)-
Pot-ictal aphasia

Affective/emotional symptoms: Present (1)/absent (0)

Type of Affective/emotional symptoms: (F)- Fear, (A)- Anger

4. Electroencephalography (EEG):

4.1
4.2
4.3

4.4

Inter-ictal EEG: (1)-Lateralized and localized, (2)-Localized, (3)-Multifocal
Ictal EEG: (1)-Lateralized and localized, (2)-Localized, (3)-Diffuse

Type of Ictal EEG recording: (T)-Monophasic theta, (B)-Fast beta, (D)-
Diffuse

Clincal-electrophysiological impression: (0)-Neocortical seizures absent, (1)-

Neocortical seizures present

5. Imaging (MRI) analysis:

5.1
5.2

5.3

5.4

5.5

5.6

5.7

5.8

5.9

5.10
5.11

5.12

5.13

Pathology side: (L)-Left, (R)-Right
T2/FLAIR Hippocampus: (1)-Hyperintensity present, (0)- Hyperintensity

absent

ASL Hippocampus: (1)-ASL abnormality present, (0)- ASL abnormality

absent
ASL signal intensity ratio (Hippocampus):

T2/FLAIR Amygdala: (1)-Hyperintensity present, (0)- Hyperintensity absent
ASL Amygdala: (1)-ASL abnormality present, (0)- ASL abnormality absent

ASL signal intensity ratio (Amyaqdala):

T2/FLAIR  Temporal neocortex:  (1)-Hyperintensity  present, (0)-

Hyperintensity absent
ASL Temporal neocortex: (1)-ASL abnormality present, (0)- ASL abnormality

absent

ASL signal intensity ratio (Temporal neocortex):

T2/FLAIR Anterior Temporal pole: (1)-Hyperintensity present, (0)-

Hyperintensity absent
ASL _Anterior Temporal pole: (1)-ASL abnormality present, (0)-

ASLabnormality absent
ASL signal intensity ratio (Anterior Temporal pole):
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5.14

5.15

5.16

5.17

5.18

5.19

5.20

5.21

5.22
5.23

Radiologist-1 (T2, FLAIR abnormality in the Temporal neocortex): Present

(1)/absent (0)

Radiologist-2 (T2, FLAIR abnormality in the Temporal neocortex): Present
(1)/absent (0)

Radiologist-1 (ASL abnormality in the Temporal neocortex): Present
(1)/absent (0)

Radiologist-2 (ASL abnormality in the Temporal neocortex): Present
(1)/absent (0)

Radiologist-1 (T2, FLAIR abnormality in the Anterior Temporal pole):
Present (1)/absent (0)

Radiologist-2 (T2, FLAIR abnormality in the Anterior Temporal pole):
Present (1)/absent (0)

Radiologist-1 (ASL abnormality in the Anterior Temporal pole): Present
(1)/absent (0)

Radiologist-2 (ASL abnormality in the Anterior Temporal pole): Present
(1)/absent (0)

Radiologist-1 (Anterior Temporal pole volume loss): Present (1)/absent (0)

Radiologist-2 (Anterior Temporal pole volume loss): Present (1)/absent (0)

6._Histopathological analysis:

6.1

6.2
6.3
6.4
6.5
6.6

Hippocampus (NeuN): Hippocampal sclerosis type-1 (HS type-1)/HS type-
2/HS type-3/Probable HS

Hippocampus (Astrogliosis): Moderate/severe

Amyqdala (Neuronal loss): Present/Absent

Amyadala (Astrogliosis): Present/Absent

Temporal lobe-Luxol fast blue-grey-white blurring: Present/Absent

Temporal lobe-Focal cortical dysplasia: Present/Absent
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APPENDIX B-data
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oL 1 1| 0.87 1 1] 0.89 1 1] 0.75 1 1 0.8 1 1 1 1 1 1 1 1 1 1 1|HS type 1 |severe Present |Present [absent |absent

1|R 1 1| 0.88 a4 1| 0.84 1 1] 0.74 3 o] 1.03 il 3 1 1 1 1) a1 [0} O 51 1|HS type 1 |moderate |Present |[Present |absent Jabsent

ofL i 1| 0.94 q 1] 0.87 k1 1| 0.84 1 il 0.8 1 1 1 1 0 1 1 1 ki1 ail 1|HS type 1 |moderate |Present |[Present Jabsent Jabsent

1|L iy 1| 0.74 1k 1] 0.78 i 1| 0.61 jid 1 0.8 i 1 1 1 1 al 1. 1 jif 3 1|HS type 1 |moderate |Present |[Present Jabsent Jabsent

o|L 1 1 0.9 1 1] 0.86 1 1] 0.91 1 1] 0.87 1 1 1 1 1 1 1 1t 1 1 1|HS type 1 |severe Present |Present [absent Jabsent

1|L 1 1] 0.76 1 1] 0.82 1 1] 0.89 1 1 0.9 1 1 1 1 1 1 1 1 1 1 1|HS type 1 |severe Present |Present [absent |absent

oL 11 1| 0.68 1 1| 0.78 1 1] 0.88 1 41 0.8 1 0 1 il Al 1 4 il 1 1 1|HS type 1 |severe Present |Present Jabsent [absent

O|R 1 1| 0.68 1 1] 0.72 1 1] 0.74 1 1] 0.82 1 1 1 1 1 1 1 1 1 1 1|HS type 1 |severe Present |Present [absent |absent

oL 1 1| 0.74 1 1] 0.68 1 0] 1.02 1 0] 0.98 1 1 1 1 0 1 1 1 0 1 1|HS type 1 |severe Present |Present [absent |absent

1|L 1 1| 0.74 1 1] 0.78 1 1] 0.76 1 1] 0.78 1 1 1 1 1 1 1 1 1 1 1]HS type 1 |severe Present |Present [absent |absent

1|L 1 1| 0.68 & 1| 0.64 1 1] 0.72 1 1] 0.74 1 1 [0} 1 6] 1 A 1 1 1 1|HS type 1 |severe Present |Present Jabsent [absent

oL 11 1| 0.64 11 1| 0.68 1 0] 0.98 1 1] 0.78 1 11 1 1 (6] 1 4 1 1 1 1|HS type 1 |moderate |Present |Present |absent |absent

1|L 1 1| 0.74 1 1] 0.78 1 1] 0.78 1 1 0.8 1 1 1 1 1 1 1 4 1 1 1|HS type 1 |severe Present |Present [present |absent

O|R 1 1| 0.64 1 1] 0.68 1 1] 0.78 1 1] 0.74 1 [¢] 1 1 1 1 1 1 1 1 1|HS type 1 |severe Present |Present [absent |absent

oL 1 1| 0.64 1 1] 0.72 1 0] 0.98 1 1] 0.68 1 1 1 1 o] 1 1 1 1 1 1|HS type 1 |severe Present |Present [present |absent

O|R 1 1 0.7 1 1| 0.65 1 1] 0.66 1 1] 0.68 1 1 Y 3 al 1 A 1 1 1 1|HS type 1 |severe Present |Present Jabsent [absent

1|L 11 il 0.6 1 ik 0.6 1 1 0.6 1 11 0.7 1 114 1 il Al 1 a4 1 1 1 1|HS type 1 |severe Present |Present [absent |absent

1|L 1 1 0.7 1 1 0.7 1 1 0.6 1 a 0.7 1 a 1 i at il 1 1 € 1 1]HS type 1 [severe Present |Present Jabsent |absent

1R 1 1 0.7 1 1 0.7 1 1 0.7 1 1 0.8 1 1 1 1 1 1 1 1 1 1 1|HS type 1 |severe Present |Present [absent Jabsent

1|L 1 1 0.7 1 1 0.8 1 1 0.6 1 1 0.7 1 1 1 1 1 1 1 1 1 1 1]HS type 1 |severe Present |Present [absent |absent

O|R 1 1 0.8 N 1] 0.76 1 (6] 0.9 1 0 0.9 1 4 1 0 1 1 1 1 O d4 1|HS type 1 |severe Present |Present Jabsent Jabsent

ofL i 1 0.7 1 1 0.8 1 1 0.8 i i1 0.8 i 0 1 1 1 1 1 1 i 1 1|HS type 1 |moderate |Present |Present [absent |absent

1|L 1 1 0.8 1 1 0.8 1 1 0.7 1 a 0.8 1 a 1 il 1 i 1 1 1 d 1|HS type 1 |moderate |Present |Present Jabsent [present

O|R ah 1| 0.64 A; 1] 0.68 1 1 0.8 i 1 0.7 it 1 1 1 il 3l i 1 i 1 1|HS type 1 |moderate |Present |[Present Jabsent Jabsent

oL 1 1] 0.68 1 1] 0.72 1 0] 0.98 1 0] 1.01 1 1 1 1 0 1 1 1 [¢] 1 1|HS type 1 |moderate |Present |Present [present |absent

1|L 1 0| 0.99 1 1] 0.78 1 o] 1.02 i i o] 1.01 il 34 1 0 6] 1 i 0 1 14 1|HS type 1 |severe Present |Present Jabsent [absent

1|L 1 1| 0.76 1 1| 0.68 1 1| 0.64 1 1] 0.62 1 1 0 1 1 1 1 1 1 1 1]HS type 1 |severe Present |Present [absent |absent

1|L 1 1| 0.68 1 1] 0.62 1 1] 0.72 1 1] 0.82 1 1 1 1 1 1 1 1 1 1 1|HS type 1 |moderate |Present |[Present Jabsent |absent

1|R 1 1| 0.72 A 1] 0.68 1 1| 0.82 1 1| 0.78 1 1 1 (0] ot 1 1 1 1 1 1|probable Hmoderate |Present |[Present Jabsent Jabsent

1R 1 1] 0.69 1 1] 0.78 1 1] 0.74 1 1 0.8 1 1 | 1 0 1 1 4 1 1 1]HS type 1 |severe Present |Present [absent Jabsent
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1|L 1 1 0.7 1 1| 0.68 1 1] 0.76 1 1] 0.78 1 1 1 1 1 1 1 1 1 1 1|HS type 1 |severe Present |Present Jabsent |absent
O|R 1 1| 0.78 1 1| 0.68 1 1] 0.69 1 1] 0.72 1 1 1 1 1 ai 1 1 1 1 1|HS type 1 |severe Present |Present |present |absent
1|L 1 1| 0.68 1 1| 0.69 1 1 0.7 1 1] 0.78 1 0 1 1 1 1 1 1 1 1 1|HS type 1 |severe Present |Present Jabsent |absent
1|L 1 1] 0.78 1 1] 0.72 4 0] 0.97 a4 1. 0.8 1 4 1 0 0 1 1 1. 1 1. 1]HS type 1 |severe Present |Present [|present |absent
1|L 1 1] 0.76 1 1] 0.78 1 0] 0.98 1 1] 0.77 1 1 i 0 0 1 11 1 1 1 1]HS type 1 |severe Present |Present |absent Jabsent
1|L 1 1| 0.76 1 1| 0.78 1 1] 0.74 1 1] 0.78 1 1 1 1 1 1 1 1 1 1 1|HS type 1 |severe Present |Present |Jabsent |absent
1|R 1 1| 0.78 1 1| 0.64 1 1] 0.98 1 1 0.7 1 1 1 1 0 1l 1 1 1 1 1|HS type 1 |severe Present |Present |present |absent
1|L 1 1| 0.78 1 1| 0.77 A 1| 0.64 b 1 0.7 i il 1 1 b 1 i1 1 b 1 1| probable Hsevere Present |Present |present |absent
1|L 1 1 0.7 1 1] 0.68 4 0] 0.99 4 1. 0.7 1 1l 1 0 0 1 1 il 1 1. 1]HS type 1 |severe Present |Present [|present Jabsent
O|R 1 1 0.8 1 1] 0.78 1 1] 0.68 1 A 0.8 1 A a4 il 18 1 4 1 1 a0 1]HS type 1 |severe Present |Present [|present Jabsent
O|R el 1 0.7 el 1 0.8 il 1 0.8 1 1| 0.77 1 1 1 1 1 1 i i ol i 1|HS type 1 |severe Present |Present |present |absent
o|L 1 al 0.8 1 1 0.8 1 0 0.9 1 1] 0.68 1 1 1 0 o] 1 1 1 1 1 1|HS type 1 |severe Present |Present |present |absent
1|R 1 Al 0.8 1 1 0.8 1 1 0.7 1 1] 0.76 1 1 1 1 1 1 1 1 1 1 1|HS type 1 |severe Present |Present |present |absent
oL I 1] 0.64 1 0] 0.94 4 0] 0.95 4 1 0.8 1 1l 1 0 0 1 1 il 1 1. 1]HS type 1 |severe Present |Present [|present |absent
1|R 1 14 0.8 1 1 0.8 1 1] 0.66 1 1] 0.66 1 1 1 4 1 i1l 1 1 1 1 1|HS type 2 |severe Present |Present |absent |present
OfL el 1 0.8 ol 1] 0.85 il 0 1.1 1 1| 0.82 1 1 1 0 1 1 L i 1 1 1|HS type 2 |severe Present |Present |absent |absent
1|R 1 1| 1.54 1 1 1.6 1 1] 1.23 1 1 17| (0] 1 1 1 1 1 1 1 1 o] O|HS type 1 |severe Present |Present |present |absent
1|R X 1] 0.74 1 1] 0.68 1 1] 0.65 1 1] 0.72 1 i 1 1 i 4 1 1 a4 1 1 1]HS type 1 |severe Present |[Present |[present |Present
o|L 1 0] 0.96 1 0] 0.98 4 1] 0.78 1 1 0.8 4 1 6] 1 4 1 1 il 1 1 1]HS type 1 |severe Present |Present [|present Jabsent
1|R 1 1 1.3 1 0] 0.98 1 1 1.3 1 0 1.1 1 1 1 0 1 1 1 o] 1 1 1|HS type 1 |severe Present |Present |present |absent
1|L . 1 0.7 i 1] 0.68 il 1| 0.64 1 1| 0.72 0 1 1 1 1 1 ) i 1 1 O]HS type 1 |severe Present |Present |absent |absent
1|L 1 1l 1.2 1 1 1.2 1 1 1.2 1 1 1.2 1 1 1 1 1 1 1 1 1 1 1|HS type 1 |severe Present |Present |present |Jabsent
1L 1 5 5 0.8 1 1 0.7 1 1 0.6 1 1 0.8 1 1 1 1 1 1 1 1 1 1 1|probable Hsevere Present |[Present [|present |present
1|L 1 1 05 1 4 0.8 1 1] 0.62 4 1 0.8 4. 1 1 0 14 1 1 i1 1 1 1]HS type 3 |severe Present |Present |[present |present
1|R 1 1 0.8 1 1| 0.76 1 1] 0.72 1 1] 0.68 1 1 1 4 1 1 1 1 1 1 1|HS type 1 |severe Present |Present Jabsent |absent
1|L 1 1| 0.72 1 1| 0.68 1 1] 0.71 1 1] 0.77 1 1 1 1 o] 1 1 1 1 1 1|HS type 1 |severe Present |Present |present |absent
1|R 1 1| 0.74 1 1] 0.72 1 1] 0.64 1 1] 0.62 1 1 1 1 1 1 1 1 1 1 1|HS type 1 |moderate |Present |[Present |absent Jabsent
1|L b 0| 1.04 1 0] 1.01 1 0] 1.01 1 1] 0.82 1 i | 1 [0} 1 1 1 1 1 i 1]HS type 1 |severe Present |Present |absent |absent
1|L 1 1| 0.74 1 1| 0.69 1 1] 0.72 1 1] 0.76 1 1 1 0 1 1 1 1 1 1 1|HS type 1 |severe Present |Present |present |absent
1|L 1 1| 0.68 1 1| 0.64 1 1] 0.62 1 1] 0.71 0 1 1 1 1 1l 1 1 1 0 O|HS type 1 |severe Present |Present |present |absent
1|R 1 1| 0.64 1 1| 0.68 1 1] 0.78 1 1] 0.72 1 1 1 1 1 1 1 1 1 1 1|HS type 1 |severe Present |Present |Jabsent |absent
1|R 1 1| 0.76 1 1] 0.74 1 1] 0.68 1 1] 0.72 1 1 1 1 1 1 1 1 1 1 1|HS type 1 |severe Present |Present |present |absent
1|R b 1] 0.72 1 1] 0.68 1 1] 0.64 1 1 0.7 1 il 6] 0 0 Ak 1 1 1 i 1]HS type 1 |severe Present |Present [|present Jabsent
o|L 1 1| 0.82 1 1| 0.88 0 o] 1.02 0 0 0.9 0 0 0 0 0 0 0 0 0 0 1|HS type 1 |severe Present |Present Jabsent |absent
1|R 1 1| 0.77 1 1] 0.76 o] 0] 0.98 il 1| 0.78 i 0 0 0 0 1 i 1 il 1 1|HS type 1 |severe Present |Present |absent |absent
ofL 1 1| 0.68 1 1| 0.78 0] 0 0.9 0 0] 1.01 0 0 6] 0 0 0 0 0 0 [¢] O|HS type 1 |severe Present |Present Jabsent

1|L 1 1] 0.68 1 1] 0.64 0 o] 0.97 0 0] 1.01 0 0 6] 0 0 0 0 0 1 0 1|HS type 2 |moderate |Present |Present [absent |absent
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O|R 1 1| 0.78 1 1| 0.74 0 0] 0.96 1 0] 1.02 1 0 0 0 0 ik 1 6] 0 1 1|HS type 1 |severe Present |Present |absent |absent
O|R 1 1| 0.68 1 1] 0.64 0 0] 1.02 1 0] 1.01 af 0 0 0 ¢} I 1 [¢] 1 1 1|HS type 1 |severe Present |Present Jabsent |absent
O|R 1 1| 0.78 1 1] 0.78 0 0] 1.01 1 0] 0.98 b 1 0 0 0 L 1 0 0 1 1|HS type 1 |severe Present |Present Jlabsent |absent
O|R il 1| 0.78 1 1] 0.76 0 0] 1.02 0 0] 1.01 1 0 0 ¢} 0 il 0 0 1 1 1|HS type 2 |severe Present |Present Jabsent |absent
O|R 1l 1| 0.78 1 1] 0.68 0 0] 0.99 1 1] 0.78 i 0 0 0 0 i B i 1 1 1 1|HS type 1 |severe Present |Present absent
O|R 1 1| 0.74 1 1| 0.72 0 0] 1.01 0 0] 0.99 0 0 0 0 0 o] 6] [¢] 0 0 O]HS type 1 |moderate |Present |Present |absent |absent
oL 1 1 0.7 1 1] 0.68 0 0 1 1 1 0.6 1 0 0 0 0 1 il 1 1 1 1]HS type 1 |moderate |Present [Present [present |absent
O|R 1 1 0.7 1 1 0.7 0 (¢} 1 0 0 0.9 b 0 0 0 0 L 0 0 0 1 1|HS type 1 |severe Present |Present |absent |absent
1R 1 A 0.6 1 1] 0.62 0 ¢} 0.9 1 1 0.6 1 0 0 0 0 1 1 1 1 1 1|HS type 1 |severe Present |Present Jabsent |absent
1|R 1 1 0.8 1 1 0.8 0 0 i 1 0 0.9 1 0 0 0 0 L il ¢} 0 1 1)HS type 1 |severe Present |Present Jabsent |absent
O|R 1 1| 0.74 1 1| 0.64 0 0] 1.01 1 0] 0.96 1 0 0 0 0 - 1 [¢] 0 1 1]HS type 1 |moderate |Present |Present |absent |absent
o|L 1 1| 0.78 1 1| 0.62 0] O] 101} O] o] 1.02] 0] O 1 0 0] O] 0] 0] O] O] O}HStypel |severe Present |Present |absent |absent
O|R 1 1| 0.64 1 1] 0.74 0 0] 0.98 0 0] 1.02 0 0 0 0 0 [¢] 1 0 0 0 OJHS type 1 [severe Present |Present |absent |absent
O|R 1 1] 0.72 1 1] 0.76 0 0] 0.98 1 1] 0.64 1 0 0 ¢} 0 11 1 1 1 1 1|HS type 1 |severe Present |Present Jabsent |absent
oL 1. 1] 0.78 1 1] 0.72 0 0] 1.01 1 1 0.7 1 0 0 ¢} 0 i 1 1 1 it 1|HS type 1 |severe Present |Present |present |absent
oL 1 1| 0.74 1 1 0.7 0 0] 0.99 0 0] 1.01 0 0 0 0 0 ] 1 [¢] 0 0 OJHS type 1 [severe Present |Present |present |absent
OJL 1 1| 0.72 1 1] 0.68 0 o] 1.01 1 1 0.7 1 0 0 0 0 1 1 1 1 q. 1|HS type 1 |severe Present |Present |present |absent
oL 1 1] 0.68 1 1] 0.72 0 0] 0.99 1 0] 0.99 1 0 4 ¢} ¢} T l: 0] 0 1 1|HS type 1 |severe Present |Present |absent |absent
O|R al 1] 0.76 1 1] 0.77 0 0] 1.01 1 1] 0.78 1 0 0 0 0 il 1 1 1 1 1|HS type 1 |severe Present |Present |present |absent
O|R 1 1| 0.78 1. d; 0.8 ol 0] 1.02 i 1] 0.78 1] 0o o] O 0 1 1 1 1 1 1] probable Hsevere Present |Present |present |absent
O|R 1 1] 0.72 1 1] 0.74 0 0] 1.01 0 0] 1.01 0 0 0 0 0 ] [¢] [¢] 0 0 OJHS type 1 [severe Present |Present |present |absent
O|L 1 1| 0.78 1 1 0.8 0 0] 1.02 0 0] 0.98 0 0 0 0 0 0 1 0 0 0 O]HS type 1 |severe Present |Present |present |absent
O|R 1 1] 0.68 1 1 0.7 0 0] 0.99 0] 0] 1.01 0 0 ¢} ¢} 0 o] 0 0 0 0 OJHS type 1 |[severe Present |Present |present |absent
0O|R i 1] o0.8] 1] 1] 0.8 0] O 1.1] o] o] 1201} of of of of of 0] 0] 0] 0] O] O}prcbableHsevere Present |Present |present |absent
O|R 1 ; 0.8 1 0] 0.98 0 0] 0.95 1 0] 0.95 1 0 0 (¢} 0 i 1 0 0 1 1|HS type 1 |severe Present |Present |present Jabsent
O|R 1 1 12 1 1 1.2 0 0] 0.98 6] 0] 0.97 0 0 0 0 ¢} 4] 6] [¢] 0 6] OJHS type 1 [severe Present |Present Jabsent |absent
O|L 1 1| 0.76 i 1] 0.78 0 0] 0.99 0 0] 1.01 0 0 0 0 0 ¢} 0 0 0 0 O]HS type 1 |severe Present |Present Jabsent |absent
oL 1 1| 0.68 1 1] 0.72 0 0] 1.02 1 1] 0.68 1 0 ¢} ¢} 0 1 1 1 1 1 1|HS type 1 |severe Present |Present |present |present
oJL 1 1| 0.68 1 1] 0.74 0 o] 1.01 0 0] 1.02 0 0 0 0 0 0 0 0 0 0 O|HS type 1 |severe Present |Present |present |absent
O|R 1 1| 0.68 1 1] 0.64 0 0] 1.01 1 1] 0.64 1 0 0 (¢} 0 1 1 1 1 1 1|HS type 1 |severe Present |Present |present |absent
O|R 1 1| 0.78 1 1 0.7 0 0] 0.99 6] 0] 1.02 0 0 0 0 ¢} 4] [¢] [¢] 0 6] OJHS type 1 [severe Present |Present Jabsent |absent
oL 1 1] 0.72 1 1| 0.68 0 0] 0.98 1 0] 1.02 al 0 0 0 0 1. 1 0 0 1 1]HS type 3 |moderate |Present |Present [absent |absent
1|L 1 1] 0.72 1 1] 0.74 0 0] 1.01 o] 0] 1.02 0 0 ¢} ¢} 0 o] [¢] [¢] 0 0 OJHS type 1 |[severe Present |Present |present |absent
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Supplementary table-3

SREE CHITRA TIRUNAL INSTITUTE FOR MEDICAL SCIENCES AND
TECHNOLOGY, THIRUVANANTHAPURAM, KERALA - 695011

INFORMED CONSENT FORM

Title of Study:
Advanced magnetic resonance imaging correlates of histopathological changes in

amygdala and the temporal neocortex in mesial temporal sclerosis

Principal Investigator:
Dr Viswanadh K S V G, Senior resident, Department of imaging sciences and

interventional radiology, SCTIMST

Co-Principal Investigators:
Dr Bejoy Thomas, Professor & HOD, Department of imaging sciences and

interventional radiology, SCTIMST.
Dr Ashalatha. R, Professor, Department of Neurology, SCTIMST.
Dr Deepthi A N., Associate professor, Department of Pathology, SCTIMST.

Co-lnvestigator:
Dr Rajalakshmi P, Assistant professor, Department of Pathology, SCTIMST.

Please tick the following points:

| agree to participate as a participant in the study described in the [ ]
Participant Information Sheet attached to this form.

I acknowledge that | have read the Participant Information Sheet,
which explains why | have been selected, the aims of the study and [ ]
the nature and the possible risks of the investigation, and the
information sheet has been explained to me to my satisfaction.

Before signing this consent form, | have been given the opportunity
of asking any questions relating to any possible physical and mental [ ]
harm I might suffer as a result of my participation and I have received
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satisfactory answers.

I understand that my participation is voluntary and that | am free to
withdraw at any time, without giving any reason, without my medical [ ]
care or legal rights being affected.

| agree that research data gathered from the results of the study may

be published, provided that | cannot be identified. []
| understand that if | have any questions relating to my participation []
in this research, | may contact my doctor, who will be happy to
answer them.

I acknowledge receipt of a copy of this Consent Form and the []

Participant Information Sheet attached to this form

Name of Participant

Signature of Participant

Name of Caretaker or Next of Kin
(If patient not directly consented)

Relationship with the patient

Signature of Caretaker or Next of Kin

Name of Witness

Signature of Witness

Name of Person conducting Informed Consent discussion

Signature of Person conducting Informed Consent discussion Date Time
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Supplementary table-4
INFORMED CONSENT-Malayalam
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Supplementary table-5

SREE CHITRA TIRUNAL INSTITUTE FOR MEDICAL SCIENCES AND
TECHNOLOGY, THIRUVANANTHAPURAM, KERALA - 695011

PATIENT INFORMATION SHEET

Title of the study:
Advanced magnetic resonance imaging correlates of histopathological changes in

amygdala and the temporal neocortex in mesial temporal sclerosis

Principal Investigator:
Dr Viswanadh K S V G, Senior resident, Department of imaging sciences and

interventional radiology, SCTIMST

Co-Principal Investigators:
Dr Bejoy Thomas, Professor & HOD, Department of imaging sciences and

interventional radiology, SCTIMST.
Dr Ashalatha. R, Professor, Department of Neurology, SCTIMST.
Dr Deepthi A N., Associate professor, Department of Pathology, SCTIMST.

Co-lnvestigator:
Dr Rajalakshmi P, Assistant professor, Department of Pathology, SCTIMST.

Sir/ Madam,

We invite you to take part in our study titled “Advanced MR imaging correlates of
Histopathological changes in Amygdala and the Temporal neocortex in Mesial
Temporal Sclerosis” an observational study. Before you agree to participate in this
research study, it is important that you read and understand this information sheet
which will provide you with all the information needed for participation in this study
so that you can make a well informed and considered decision about participation. In
addition, should you have any questions, the investigator and his team members will
be happy to answer them and explain to you more about this research study, the
procedure involved and the related issues. You may ask them any questions you may
have regarding the study, or ask them to explain any word or information that you
don’t clearly understand.

SCTIMST, Trivandrum 144



Annexures

Study Overview
You are invited to take part in this study as you have epilepsy due to a condition

called mesial Temporal sclerosis in the brain and you will be undergoing a surgery
called anterior temporal lobectomy and amygdalohippocampectomy for this
condition. As a part of investigative workup, epilepsy protocol MRI including a
special sequence called arterial spin labelling (ASL) is also done for diagnostic
information about the cause of your seizures and the extent of the disease. Patients
who are diagnosed with epilepsy due to mesial Temporal sclerosis and are to undergo
the  surgical procedure  of  anterior  Temporal lobectomy  with
Amygdalohippocampectomy after epilepsy protocol MRI at SCTIMST will be
included in the study.

Purpose of this study
The purpose of this study Identify the advanced MRI sequence imaging correlates of

histopathological changes in additional parts of the brain called Amygdala and
Temporal neocortex seen in Mesial Temporal sclerosis patients and also to identify
clinical, electrophysiological (EEG) correlates in MTS patients with neocortical
Temporal changes.

Study Procedures
If you are willing to participate, you/your bystanders will be interviewed by the doctor

performing the study, clinical findings will be noted. This will be done when you are
admitted and evaluated for epilepsy due to Mesial Temporal sclerosis and are to
undergo the surgical procedure of anterior Temporal lobectomy with
amygdalohippocampectomy. As a part of your management plan, you will have to
undergo epilepsy protocol MRI brain including ASL sequence. The data from the
clinical findings, MRI findings, histopathological findings after surgery will be used
in this study.

Risks and Discomfort

This study involves only a structured interview by the doctor along with MR imaging
and histopathological examination done as a part of standard management protocol.
There are no additional risks or costs associated with the study.

Benefits

Taking part in this research may not benefit you. However, we do hope that this study
will shed light on additional aspects of pathology in epilepsy patients with mesial
Temporal sclerosis as demonstrated by MRI, thus helping in better management and
patient care.

SCTIMST, Trivandrum 145



Annexures

Confidentialit

Your privacy is very important to us and the results of the tests performed on you will
be treated as highly confidential, and nobody other than the investigators listed above
will be knowing the test results. Your name or any other identifiable details will not
be published in any research paper or scientific presentation arising out of the study.

Rights

Your participation in the trial is voluntary. You do not have to take part in this study if
you are unwilling and you will not be losing any of your rights as a patient if you
choose not to participate. You will also be at the liberty to withdraw from the study at
any stage (even after signing this consent form) of the study in case you want to
withdraw.

Contact Information

e When you read this information, your treating doctor will be available to discuss
and answer any questions you may have. If you have any queries please contact:

Dr Viswanadh KSV G

Senior Resident, Department of Imaging sciences and interventional
Radiology,

Sree Chitra Tirunal Institute for Medical Sciences and Technology
Tel: +91 9496937773, Email: viswanath248@sctimst.ac.in

e If you have any questions, concerns or complaints about the research please
contact:

Dr. Srinivas G

Member Secretary, Institutional Ethics Committee,

Sree Chitra Tirunal Institute for Medical Sciences and Technology
Tel: 0471- 2524689, Email: iec.mem.sec@sctimst.ac.in
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Supplementary table-6
PATIENT INFORMATION SHEET-Malayalam
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APPENDIX D-PLAGIARISM CHECK REPORT

RE-2022-142719-plag-report

ORIGINALITY REPORT

o 2 6% T

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

S 1%
"Atlas of Epilepsies", Springer Science and 1 %
Business Media LLC, 2010
Publication
i <1

"2013 Annual Meeting Abstract Supplement”, <1 %
Arthritis & Rheumatism, 2013.

Publication

&l

www.frontiersin.org <1 %

internet Source

&

"AES 2014 Annual Meeting Online Abstract <1 ”
Supplement”, Epilepsy Currents, 2015

Publication

"AES Proceedings. Annual Meeting of the < 1 "
American Epilepsy Society December 7-10,
1997", Epilepsia, 8/1997

Publication

&

www.dovepress.com
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Internet Source

8 <7y
n "Annual Meeting of the American Epilepsy <1 %

Society", Epilepsia, 10/2004

Publication
ngshaehesdencears <1
LSRR <1y
Fabio A. Nascimento, Daniel Friedman, & it

Jurriaan M. Peters, Meriem K. Bensalem -

Owen et al. "Focal epilepsies: update on

diagnosis and classification”, Epileptic

Disorders, 2023

Publication

"Abstracts", Epilepsia, 10/2009 1
Publication p p < %
S{ﬁjbbfnlfted to Sheffield Hallam University z1 %
Internet Stss_ear(:hgatenet <’ %
m "Neuropsychology/Language/Behavior: 2" %

Adult", Epilepsia, 2005

Publication
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i Verhoef, Bram-Ernst, Thomas Decramer, <1 W
Johannes van Loon, Jan Goffin, Wim Van
Paesschen, Peter Janssen, and Tom Theys.
"Stereopsis after anterior temporal
lobectomy"”, Cortex, 2016.

Publication

hdl.handle.net <1 %

Internet Source

"WORLD TRANSPLANT CONGRESS 2006
POSTER ABSTRACTS", American Journal of
Transplantation, 8/2006

Publication

<1y

Miyata, Hajime, Tomokatsu Hori, and Harry V. <1 i
Vinters. "Surgical pathology of epilepsy-
associated non-neoplastic cerebral lesions: A
brief introduction with special reference to
hippocampal sclerosis and focal cortical
dysplasia : Surgical pathology of epilepsy",
Neuropathology, 2013.

Publication

"Abstracts of the 26th Annual Conference of <1 i
APASL, February 15-19, 2017, Shanghai,
China", Hepatology International, 2017

Publication

"21st IEC Proceedings. 21 st International
Epilepsy Congress Sydney, Australia,
September 3-8, 1995", Epilepsia, 3/1995

Publication
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Muzumdar, Dattatraya, Manoj Patil, Atul Goel, <1 %
Sangeeta Ravat, Nina Sawant, and Urvashi

Shah. "Mesial temporal lobe epilepsy - An

overview of surgical techniques”, International

Journal of Surgery, 2016.

N
w

Publication
Eill.'iril:m[ixes-ouvertes.fr <1 o
55 Ha.ndbook on the Neuropsychology of <1 .
Epilepsy, 2015.
Publication
internet BTrdt_pl‘com <‘ %
siinsios o <1
"Pgdiatric State of the Art Symposium", = &
Epilepsia, 10/2006
Publication
"Stereotactic and Functional Neurosurgery", <1
Springer Science and Business Media LLC, %
2020
Publication
The Canadian League Against Epilepsy 2007 <1 g

Conference Supplement”, Canadian Journal of
Neurological Sciences / Journal Canadien des
Sciences Neurologiques, 2014

Publication
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