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SYNOPSIS

Memory complaints of patients with Temporal Lobe Epilepsy (TLE), sometimes
mismatch with the routine neuropsychological assessment. Novel forms of long-term memory
(LTM) dysfunction, namely, accelerated long-term forgetting (ALF) and autobiographical
amnesia (AA) have been described in TLE. Routine memory assessment at short duration
intervals fail to identify these entities, often mislabeling the complaints as functional. We
studied the memory dysfunction in 31 TLE patients using special tests, including delayed
memory assessment at 5 days and Autobiographical Memory Interview (AMI) and comparing

with healthy age/education matched controls.

Our study generated data on special tests of memory assessment in TLE. Patients with
TLE showed a trend for accelerated log-term forgetting of verbal memory compared to
controls. They also had significant autobiographical amnesia (both personal semantic domain
and autobiographical incidents) for early adult life and recent life compared to controls. This
dysfunction was observed both in right and left TLE. Our study did not find significant
association between duration of epilepsy, recent seizure frequency, seizures during assessment

period, antiepileptic drugs, and the outcome measures.

The data from our study can help in standardising protocols to assess memory
dysfunction in persons with epilepsy (PWE) and in further research. As ALF and AA have
disabling implications on quality of life, early identification is necessary for planning

intervention strategies.
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INTRODUCTION

Epilepsy is a chronic neurological disorder with diverse etiology and clinical
manifestations. The conceptual definition is that Epilepsy is a disorder of the brain
characterized by an enduring predisposition to generate epileptic seizures, and by the
neurobiological, cognitive, psychological, and social consequences of this condition. As per
International League Against Epilepsy (ILAE), (2014) operational definition, epilepsy refers
to at least two unprovoked (or reflex) seizures occurring >24 hours apart or one unprovoked
(or reflex) seizure with a probability of further seizures similar to general recurrence risk (at
least 60%) after two unprovoked seizures, occurring over next 10 years [1]. Epilepsy affects
people of all ages and both sexes. It is estimated that there are more than 10 million persons
with epilepsy (PWE) in India [2]. The prevalence is higher in the rural (1.9%) compared to

urban population (0.6%) [3].

Memory is defined as the mental faculty of retaining and retrieving facts, events
impressions etc. In physiological terms memory has three stages: encoding, storage, and
retrieval. Hippocampus plays an important role in encoding. In temporal lobe epilepsy (TLE)
there is sclerosis and damage to the hippocampus that could interfere with its ability to encode
memory. As a result, there can be difficulties in generating short-term and long-term memories
or forward learning. The magnitude of memory dysfunction in epilepsy varies according to the
study population and diagnostic methodologies. In one study 54% of over 700 people with
epilepsy reported difficulties with memory as a moderate to severe problem [4]. Memory

dysfunction can have important bearing on the quality of life of PWE.

Long-term memory (LTM):

Repetitive and simultaneous activation of two neurons leads to strengthening of the

synaptic connection between them. This procedure is called Long-term potentiation (LTP),
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which is the physiological basis for LTM [5]. LTM can be declarative (includes semantic and
episodic memory) or non-declarative (includes procedural memory). Consolidation from short-
term to long-term memory, happens primarily in the hippocampus and stored throughout the
cortex [6]. It is well recognized that TLE may cause deficits on neuropsychological tests of
memory, which typically assess the ability to retain new information over a delay of about 30
min [7]. But, sometimes the memory complaints of these patients do not match with the
assessment at short intervals such as 30 minutes, so that complaints about memory decline

commonly mismatch with test performance [8].

Transient Epileptic Amnesia (TEA) is a distinctive syndrome of temporal lobe epilepsy,
causing brief, recurrent attacks of amnesia, often occurring on waking, generally in middle
aged and elderly people. TEA patients were found to have novel forms of interictal memory
disturbance: accelerated long-term forgetting (ALF), remote memory impairment, especially
affecting autobiographical memory and topographical memory impairment [9,10,11]. Similar
memory dysfunction has also been noted in patients in TLE. Various mechanisms have been
proposed for ALF and autobiographical amnesia (AA), but still the exact underlying

mechanism remains elusive.

Limitations of memory assessment in epilepsy:

Although it is widely held that people with epilepsy can have considerable memory
dysfunction, the precise profile of the memory problem in epilepsy is yet to be completed.
Conventional memory assessment may fail to identify memory dysfunction characterized by
intact recall for a relatively brief period but rapid forgetting thereafter. Tests that estimate the
memory function over standard intervals of minute to hours are too short to detect impaired
long-term memory. It is difficult to draw firm conclusions from standard neuropsychological

test alone as to whether patients are already impaired during encoding or if they just fail to
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retrieve learned information. It is important to consideration the existence of inter-individual
differences with respect to the type of impairment, such as, encoding or retrieval, recall or
recognition, within the specific pathologies. Special test batteries are needed for the detection
and assessing the severity of long-term memory dysfunction such as accelerated long-term

forgetting and autobiographical amnesia.

Our study attempts to assess the memory function of patients with TLE using special
test batteries. We also compare this data with age and Intelligence Quotient (IQ) matched
healthy controls. We hope that this study would generate the baseline data for these test
batteries in our subset of population and data on the magnitude of ALF/AA in TLE patients.
We would be able to establish standardized protocols to estimate the memory dysfunction in
people with epilepsy. The identification of this memory dysfunction can help in initiation of

early intervention to improve quality of life in PWE.
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REVIEW OF LITERATURE

Epilepsy and memory:

Epilepsy affects around 50 million people worldwide with estimated proportion of
general population with active epilepsy being 4-10 per 1000 population. As per World Health
Organization, around five million people are diagnosed with epilepsy globally each year. The
magnitude of memory dysfunction in epilepsy varies according to the study population and
diagnostic methodologies. In one study 54% of over 700 people with epilepsy reported

difficulties with memory as a moderate to severe problem [4].

Memory dysfunction can have important bearing on the quality of life of PWE. In a
study about 40% of the PWE with depression or other mood disturbances had significant short-
term memory difficulty [12]. Short-term memory difficulty had been found to be associated
with mood disorders in epilepsy [13,14,15]. In general, people with epilepsy and memory

problems have a negative impact on daily life.

TLE and memory dvsfunction:

It is well recognized that TLE causes memory dysfunction, and studies have shown
these defects by neuropsychological tests, which typically assess the ability to retain new
information over a delay of about 30 minutes [7]. The degree of impairment has been shown
to correlate with pathological abnormalities [16,17,18], hippocampal atrophy [19,20,21] and
other factors like the age of onset of epilepsy, seizure frequency and lifetime number of seizures
[22,23,24,25,26]. The laterality of the seizure focus has consistently been found to influence
the type of material for which memory is most affected, with left TLE causing more
pronounced deficits in verbal memory, and, less consistently, right TLE affecting non-verbal

memory [7,27,28].
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Consolidation from short-term to long-term memory (LTM), happens primarily in the
hippocampus and stored throughout the cortex [6]. LTM can be declarative (includes semantic

and episodic memory) or non-declarative (includes procedural memory).

Figure 1: Types of long-term memory and brain regions involved

Long-term memory

Declarative:

Nondeclarative (procedural):
Things you know that Things you know that you
you can tell others

can show by doing
(hippocampus dependent)

(hippocampus independent)

Episodic: Semantic: Skill learning: Priming; Conditioning;:
Remembering | | Knowing the Knowing how Being more likely Salivating when
your first day capital of France | | to ride a bicycle to use a word you see a
in school you heard recently favorite food

Storage Storage Basal ganglia, Cortex Cerebellum

in cortex in cortex motor cortex,

and cerebellum
Brain regions involved

THE MIND’S MACHINE 2e, Figure 13.12
% 2016 Sinauer Associates, Inc.

Hippocampus is a bilaminar gray matter structure located medially in the temporal lobe
and plays an important role in the physiology of memory. It has two interlocking gray matter
folds, hippocampus proper (cornu ammonis) and the dentate gyrus. The cornu ammonis is
divided into four parts, (CAl to CA4) based on cellular composition, called the Sommer’s
sectors. The hippocampus can be affected by a wide range of congenital variants and
degenerative, inflammatory, vascular, tumoral and toxic-metabolic pathologies. The most
common cause of medically intractable partial complex epilepsy in adults is mesial temporal
sclerosis (MTS), which is characterized pathologically by hippocampal gliosis and neuronal

loss. The cause of which is hypothesised to be early or prolonged febrile seizures [29].
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Figure 2: Anatomical components of hippocampus on MRI (coronal section)*

The severity of memory difficulty reported by some patients with TLE, correlates
poorly with objective measures, and many patients perform at average or above-average levels
on routine neuropsychiatric tests [30]. Studies on TLE (especially on Transient Epileptic

Amnesia (TEA)) have identified novel forms of long-term memory dysfunction.

TEA and novel entities of memory dysfunction:

Transient Epileptic Amnesia (TEA) is a distinctive syndrome of temporal lobe epilepsy,
causing brief, recurrent attacks of amnesia, often occurring on waking, generally in middle
aged and elderly people. The characteristic features of patients with TEA and their performance
in memory tests, using special test batteries have been analyzed in various studies [9,10,11]. It
is associated with novel forms of interictal memory disturbance: accelerated long-term
forgetting, remote memory impairment, especially affecting autobiographical memory and
topographical memory impairment. The correlation between the subjective memory complaints

10
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and objective testing on standard neuropsychological tests has generally been poor in all
patients with TLE.
Two distinctive entities characterized by long-term memory deficits have been identified in

patients with TLE:

(1) Accelerated long term forgetting - (ALF) is the rapid loss of newly acquired memories

over days to week despite normal retention at standard (~30 min) intervals. It has recently been
described in association with epilepsy, particularly the syndrome of transient epileptic amnesia
(TEA). It is not uncommon for patients with ALF to have forgotten all the original material
when their memory is tested at longer delays. It is also known that everyday memory
complaints are more highly correlated with very long-term recall performance (that is, 24 hours
or more) than they are with scores obtained on standard memory measures (with recall within

30 minutes) [9,31]. The mechanism underlying ALF remain uncertain.

(2) Autobiographical amnesia — (AA) Autobiographical memory refers to a multifaceted

concept encompassing different kinds of knowledge, from general knowledge about oneself
(semantic component) to specific personal events related to the self (episodic component)
[32,33,34]. Autobiographical amnesia refers to large ‘‘gaps’ in their more remote
autobiographical memory; these commonly become apparent when discussing family events
and holidays, of which they have no recall. Medial temporal lobe structures, such as the
hippocampus, are known to play an important role in autobiographical memory [35,36]. In
patients with hippocampal damage, the recollection of personal episodes is impaired
[37,38,39,40]. The hippocampus and other mesial temporal lobe structures form an important

part of the ABM retrieval network [36,41].

Research has also shown association between epilepsy and Alzheimer’s disease (AD).

Studies have proposed that early development of occult hippocampal hyperexcitability may

11
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contribute to the pathogenesis of AD [42]. Further research is needed to delineate the

association of epilepsy, long-term memory dysfunction and Alzheimer’s disease.

Drawbacks of conventional memory assessment:

Conventional memory tests which assess memory recall after minutes to hours, may
fail to identify memory dysfunction characterized by intact recall for a relatively brief period
but rapid forgetting thereafter. In many cases long-term memory impairments are not detected
by standard neuropsychological test of memory functions, so that complaints about memory

decline commonly mismatch with test performance [8].

Early literature on ALF in TLE:

The concept of long-term forgetting in temporal lobe dysfunction was studied since the
late 20" century. Martin et al, 1991, investigated delayed recall performance in 21 patients with
unilateral temporal lobe dysfunction which showed increased forgetting of verbal information
at 24 hours compared to controls after a normal performance at 30 minutes. The need for
memory assessment at further delayed intervals was stressed upon in this study [43]. A case
report, 1997, of a medial temporal epilepsy after paraneoplastic limbic encephalitis, was one
of the earliest descriptions of ALF in TLE [44]. They have described a normal retention of

information for hours to days with absolutely no recall afterwards.

Kapur et al, 1997, described similar memory dysfunction in TLE and proposed a multi-
stage process of memory consolidation [45]. Blake et al, 2000, is a prospective study of 23
patients, has shown that patients with left TLE had ALF (at 8 weeks assessment) for verbal
material compared to patients with right TLE and controls after normal learning at 30 minutes

[46].

12
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There were some studies which did not demonstrate ALF in patients with TLE
[47,48,49,50]. Bell et al, 2006, was one of such studies, in which, 25 cases of TLE and the
same numbers of controls were studied [48]. TLE patients did not demonstrate disproportionate
forgetting over two weeks when compared to controls after a comparable learning and recall at
baseline and 30 minutes, respectively.

Mameniskiene et al, 2006, evaluated delayed and long-term (4 weeks) recall in 70
patients with TLE and 59 controls [51]. High frequency of seizures during the study period
were related to poor long-term recall. Patients with complex partial and/or secondary
generalized seizures had poor long-term recall compared to patients with simple partial
seizures. The presence of interictal generalized or focal temporal epileptiform activity was
associated with more accelerated forgetting of verbal and visual memory. Multiple regression
analysis showed that number of complex partial seizures, age of patient, and abnormal interictal
EEG are significant predictors of accelerated forgetting. Wilkinson et al, 2012, showed ALF

in patients with TLE compared to controls both for verbal and visual memory [52].

Early literature on AA in TLE:

Studies on AA in TLE were conducted since the last decade of 20" century and they
have confirmed the occurrence of AA in TLE, but they differed in the precise nature. Zeman
et al, 1998, studies 10 patients with TEA and found significant deficits in autobiographical
memory and proposed that it might have resulted from impairment of very long-term memory
consolidation because of epileptic activity in mesial temporal structures [8]. Some studies have
revealed an impairment of autobiographical memory throughout the entire life span [39,53],
whereas in others the deficit extends back as little as 5 years [45].

Viskontas et al, 2000, assessed ABM in 25 patients with unilateral TLE and 22 non-

neurologically impaired controls using the Autobiographical Memory Interview [33,39].

13
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Results indicate that patients have impaired personal episodic memory extending over the
entire lifespan but intact personal semantic memory. No significant difference in memory
impairment was noted between patients with and without hippocampal sclerosis on imaging.
These results indicate that even minimal damage to medial temporal lobes can result in
significant impairment to autobiographical episodic memory or the involvement of extensive
memory networks [33].

Some other studies have reported deficits in both autobiographical memory and
semantic memory for public events with intact personal semantic memory [54,55].
Voltzenlogel et al, 2006, showed that both right and left TLE patients had impaired memory
for autobiographic episodes and public events. In contrast, personal semantic memory was
preserved. Right TLE patients had significantly better scores than left in the assessment.
Duration of epilepsy, age at onset, and seizure frequency did not influence performance on
remote memory measures [55]. Disproportionate loss of public semantics compared to
autobiographical memory was noted in Barr et al, 1990; and Manning et al, 2005 [56,57]. This
differential involvement of various components of remote memory noted in different studies

would suggest that there is at least partial independence between these processes.

Recent evidence for both ALF and AA in TLE:

Manes et al, 2005, has studied 7 patients with TEA and 7 age-matched controls for both
ALF and AA. Patients showed ALF of verbal material, with virtually no recall after 6 weeks.

There was also an impaired recall of autobiographical memories in patients with TEA [11].

The TIME (The Impairment of Memory in Epilepsy) Study (Butler et al, 2007),
recruited 50 patients with TEA and found significantly increased ALF and AA in cases
compared to (age and education-matched) healthy controls [9]. A later study (Butler et al, 2009)

of the same cohort, has analysed the imaging data of the patients and 20 matched healthy
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controls, using manual volumetry and voxel-based morphometry (VBM). They studied the
correlation between regional brain volumes, clinical and neuropsychological data. Manual
volumetry identified subtle hippocampal volume loss in the TEA group. Both manual
volumetry and VBM revealed correlations between medial temporal lobe atrophy and standard
anterograde memory scores, but no relation between atrophy and ALF or remote
autobiographical memory. They have suggested the possibility that ALF and AA might have a
more diffuse physiological basis rather than being a consequence of discrete structural damage
[58].

Milton et al, 2010, studied AA in 14 TEA patients and compared with 12 healthy
controls. They found that performance on standard tests of anterograde memory was normal.
Severe autobiographical amnesia was noted extending across the entire lifespan. Personal
semantic memory was found to be mildly impaired, more strikingly for midlife years. There
were limited deficits of public semantic memory for recent decades [59].

Mubhlert et al, 2012, was conducted with a more robust methodology to overcome the
drawbacks of previous studies. In this study they have included patients with TLE and
Idiopathic Generalised Epilepsy (IGE) along with matched healthy controls and assessed for
ALF. ALF was noted in TLE group between 30-min and three-weeks, but not between 40-s
and 30-min. Rates of forgetting were not significantly different between patients with IGE and
controls. No association was found between ALF and seizures during the three-week delay or

number of antiepileptic drugs [10].

Proposed mechanisms:

In a classic study of patients who underwent temporal lobectomy for intractable

epilepsy due to hippocampal sclerosis, it was shown that delayed recall was impaired with
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hippocampal sclerosis and delayed recall for verbal tasks were affected for left hippocampal
sclerosis [60].

A more recent study had shown that working memory was impaired in persons with left
or right hippocampal sclerosis. In addition, there was impaired integrity of both gray and white
matter [61]. These studies have shown the important role of hippocampus in encoding memory.
As a results damage to the hippocampus as with hippocampal sclerosis in temporal lobe
epilepsy there can be difficulties with working memory and delayed recall. In contrast to the
role of hippocampus and other mesial temporal structures, the temporal neocortex is involved
with long term memory. Studies have shown that the lateral temporal lobe which consists
mostly of neocortex plays a crucial role in storage of knowledge and personal experiences

[62,63].

Two sub-domains of memory that affected by TLE are the working memory (WM) and
episodic memory related deficits. Among all the sub-domains of memory, WM or Short-term
memory (STM) is a transient trace of information temporarily stored that requires consolidation
by the support of the medial temporal lobe (MTL) to be converted into a more stable status of
long-term memory (LTM). WM impairment carries immense clinical importance not only
because of the disability that it leads to, but also because of its association with long-term
memory (LTM). This association has been highlighted in the recent models of WM in the role
of the “episodic buffer” that link it to LTM systems [3]. LTM will also be affected if STM is

impaired in TLE.

Theories of consolidation:

According to traditional models, information has been encoded into long-term memory
through the process of ‘consolidation’, which renders the memory trace progressively less

vulnerable to disruption [64]. The ‘Standard theory of Consolidation’ (STC) of Squire and

16



[Type text]

Alvarez hypothesised that this process, involves a gradual reorganization of the memory trace
and can be divided into two LTM consolidation processes — the fast and the slow processes
[65]. They have proposed that the fast consolidation process is mediated by the MTL structures
and the slower neocortical consolidation by the repeated and synchronous firing of
hippocampal-neocortical connections process. This process may continue for weeks, months
or even years but it is often assumed that its function can be assessed at relatively brief delays
with standard neuropsychological tests. The most straight forward hypothesis for ALF would
be the disruption of this extended periods of consolidation of memory, either by epileptiform

activity or by the structural abnormality itself which is also causing the epilepsy.

The ‘Multiple Trace theory’ (MTT) (Nadel et al, 1997), suggests that certain types of
declarative memories, true ‘episodic’ memories, remain dependent on the hippocampus
regardless of their age, and that their rehearsal and reactivation lead to the creation of multiple
memory traces within the MTL [66]. The MTT allows for the possibility that pathology
restricted to the MTL may impair both anterograde and remote episodic memory. Whether it
would predict the particular combination of features observed in TEA—subtle hippocampal
pathology, normal or near normal anterograde memory on standard tests, marked ALF and AA,
is less clear. Computational modelling of medial temporal lobe function, and its pathologies,
may help to clarify whether this cluster of phenomena is compatible with the predictions of
MTT.

The STC, on the other hand, can readily explain the occurrence of ALF in the context
of hippocampal pathology. But it cannot so readily explain the occurrence of AA, assuming
that this is not the result of impaired initial acquisition. To explain this, the STC must invoke
some other factor, perhaps disruption of distributed neocortical memory traces by epileptiform

activity.
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Etiology and pathophysiology of ALF:
Several contributory mechanisms have been hypothesised:

1. Clinical or subclinical seizure activity.

2. Structural or other underlying brain pathology.

3. An adverse effect of anticonvulsant medication.

4. Psychological mechanisms.

O’Connor et al, 1997, has documented improvement in memory performance in a single
case of TLE after control of seizures [44]. Mameniskiene et al, 2006, found a positive
correlation between long-term forgetting and both (i) manifest seizures during the experimental
period and (ii) subclinical epileptiform EEG activity [51]. As in the study by Blake et al, 2000,
however, LTM was not found to correlate with the average seizure frequency reported by
patients [46].

Many case studies discussed earlier had radiological evidence of structural brain
pathology. Therefore, ALF might be a mild form of the amnesic syndrome, caused by subtle
damage to the medial temporal lobes. In such case, the early acquisition should also be affected
in patients with MTL structural abnormalities. The observation that some patients perform
normally on standard tests yet exhibit ALF appears to argue against the existence of any defect
in acquisition and initial retention of declarative memories [67].

Jokeit et al, 2005, has showed that amongst 162 patients with medically refractory
epilepsy, higher serum levels of AED were associated with greater forgetting of both verbal
and visual material over a 30-min delay [68]. It remains possible that the ALF can be due to
anticonvulsants, but, it seems unlikely for a number of reasons: (i) patients with TEA complain
of ALF prior to initiation of therapy; (ii) patients with TEA usually report that their memory
improves once treatment is started [8,9]; (ii1) the forgetting observed by Blake et al, (2000) was

specific to the group of patients with left temporal lobe epilepsy [46]; (iv) the doses of
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anticonvulsants used TEA patients, those who complain most profoundly of ALF, are generally
low.

Studies assessed mood using the Hospital Anxiety and Depression Scale and found no
correlation with very long-term memory performance [9,46,51]. Lewis and Kopelman, 1998,
did not find accelerated forgetting in a group of depressed patients after equating initial levels

of learning [69].

Etiology and pathophysiology of AA:

Six studies examined the possible causes of remote memory impairment in epilepsy
with different methods and variables [39,53,55,70,71,72]. No study identified correlations
between seizure related variables and autobiographical memory performance. Ricci et al, 2015,
studied 21 patients TLE and regression analyses showed that the presence of a hippocampal
lesion was particularly disruptive to consolidation over the first 24 hours, and that seizures
were associated with memory decline over longer delays [73].

Some studies proposed that temporal lobe pathology, rather than the resulting seizures,
was responsible for patients’ difficulty in remembering the past [55,70,71]. Noulhiane et al,
2007, found correlations between autobiographical memory scores and the volumes of residual
medial temporal lobe structures, particularly in the right hemisphere, as measured on MRI
scans [53]. In other studies, remote semantic memory impairment was found to vary with
aetiology [39,55], pre- or post-operative status [39] and the extent of operative excision [71].
Some studies have shown that, extensive retrograde amnesia occurs with minimal or no
clinically apparent structural brain damage [9,11]. Kapur et al, 2000, has suggested that, in
such cases, intermittent clinical or sub-clinical seizure activity beginning in the medial
temporal lobes may disrupt neocortical networks that act as storage or retrieval sites for remote

memory [45].
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Lah et al, 2004 and 2006, have found a positive correlation between remote semantic
memory loss and the number of anticonvulsants taken [71,72]. Interpretation of this result is
confounded by the close relation between medication dose and the severity of epilepsy.
However, TEA patients complain of profound autobiographical memory loss prior to starting
treatment and are usually maintained on low dose monotherapy [9].

Mood disturbance 1is associated with memory dysfunction for public and
autobiographical events [74]. It is important to consider the possibility that mood disturbance
associated with epilepsy may be playing a role in AA. Butler et al, 2007, found no evidence of
a difference in past or present diagnoses of major depression or generalized anxiety, and no
correlation between scores on the Hospital Anxiety and Depression Scale and AA or ALF in

patients with TEA [9].

Imaging correlates:

Addis et al, 2007, examined the impact of hippocampal damage on autobiographical
memory network using functional MRI technique, in 11 patients with left TLE [41]. ABM-
related activity was significantly reduced in patients compared to controls, in residual
hippocampal tissue and across the AM network (including the medial prefrontal cortex,
temporal poles, retrosplenial and lateral parietal cortex). The strength of connections involving
the left hippocampus was also reduced in patients. These findings suggest that the left
hippocampus has a crucial role the ABM network and its damage has significant consequences
for the functional organization and connectivity of the neural network supporting ABM
retrieval.

Butler et al, 2009, analysed MRI data from 41 patients with TEA and 20 matched
healthy controls, using manual volumetry and voxel-based morphometry (VBM). They studied

the correlation between regional brain volumes, clinical and neuropsychological data. Manual
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volumetry identified subtle hippocampal volume loss in the TEA group. Both manual
volumetry and VBM revealed correlations between medial temporal lobe atrophy and standard
anterograde memory scores, but no relation between atrophy and ALF or remote
autobiographical memory. They have suggested the possibility that ALF and AA might have a
more diffuse physiological basis rather than being a consequence of discrete structural damage
[58].

Butler et al, 2012, studied patients with TEA and found no significant correlations
between volumetric measures of the hippocampus and indices of ALF or AA [75]. Post-mortem
investigations in a patient with TLE who showed ALF and AA, yielded evidence of neuronal
loss and gliosis in regions of both the right and the left hippocampus. Neuronal loss and gliosis
were more evident in anterior than posterior hippocampus. This shows that the unusual forms
of long-term forgetting seen in some patients with TLE have no gross anatomical correlate.
Hence, subtle structural damage or subtle functional disturbance, perhaps in the form of
subclinical epileptiform activity, underly epilepsy-related long-term amnesia.

Ricci et al, 2015, studied 21 patients TLE, with and without hippocampal lesions.
Regression analyses showed that a hippocampal lesion was particularly disruptive to
consolidation over the first 24 hours, and that seizures were associated with memory decline
over longer delays [73]. They hypothesized that consolidation of autobiographical experiences
involves multiple mechanisms and they operate over different time frames.

Atherton et al, 2018, studied 15 TEA patients with ALF and healthy matched controls
[76]. They studied encoding related brain activity in these patients using memory paradigms in
fMRI. They found reduced activity of the left hippocampus for the items, patients would go on
to forget, together with differential activity levels in other parts of the wider memory network.
This abnormal encoding activity may reflect the formation of substandard memory

representations that are vulnerable to interference. A similar type of a study of 23 patients with
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TLE found that ALF at 72 hours was associated with reduced functional connectivity between

the affected anterior hippocampus and unaffected lateral temporal cortex [77].

Memory dysfunction in Idiopathic Generalised Epilepsy IGE):

Some studies have examined ALF in IGE patients. Muhlert et al, 2012, studied adults
and was conducted with a more robust methodology compared to previous studies of TLE
patients to overcome their drawbacks [10]. In this study they have included patients with TLE
and Idiopathic Generalised Epilepsy (IGE) along with matched healthy controls and assessed
for ALF. ALF was noted in TLE group between 30-min and three-weeks, but not between 40-
s and 30-min. Rates of forgetting were not significantly different between patients with IGE
and controls. No association was found between ALF and seizures during the three-week delay
or number of antiepileptic drugs. Beilharz et al, 2020, also did not find evidence for ALF in
adults with IGE [78].

Davidson et al, 2007, was conducted in children with IGE and found evidence of ALF
but attributed this finding to poor initial learning efficiency [79]. Gascoigne et al, 2012, studied
ALF in 20 children with IGE (41 controls) and whether it relates to epilepsy severity [80]. They
found significant ALF in patients for verbal memory and greater epilepsy severity was
associated with poorer memory and proposed that seizures themselves may disrupt long-term
memory consolidation. Grayson-Collins et al, 2017, has assessed 18 children with IGE with
verbal memory testing and at two years follow up, ALF was apparent, although epilepsy
severity reduced, and seizures resolved in many children [81]. This result, in contrast to the
dominant conceptualisation of ALF being a seizure related phenomenon, suggests that ALF

may not be seizure related.
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National Status:

A pubMed search for epilepsy and memory in the title published from India yielded only a few
reports and studies. There had been little systematic research into the memory dysfunction in
epilepsy from our country. Recent study had reported a case of childhood onset epilepsy with
episodic fugue like state as the sole ictal manifestation [82]. A study was conducted which
pointed out the imbalance in the monoamine levels, elevated nitrosative and acetylcholine
esterase activity in the cortex and hippocampus of people with epilepsy [83]. Recent study
showed that impairment of memory; language and executive function are common among
patients with drug refractory epilepsy. The most prevalent impairment is in executive function.
There is no significant difference in the degree, prevalence, or selectivity of impairment in
either of the three domains, between the TLE versus ETLE groups [84]. Shah et al, 2016, has
studied memory performance of 106 patients who underwent anterior temporal lobectomy for
TLE and found that group mean score analysis revealed no significant shifts in verbal or visual
memory scores after left ATL, but significant improvements in verbal memory after right ATL
[85]. There is paucity of data on long-term memory dysfunction in epilepsy, in our country.
Our study would provide the baseline data on the performance of TLE patients in these special

test batteries and comparison with healthy controls.
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AIMS, HYPOTHESIS AND OBJECTIVES
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AIMS OF THE STUDY
1. To characterize the pattern of memory dysfunction in patients with TLE.

2. To compare their performance in memory tests with healthy controls.

HYPOTHESIS

Temporal lobe epilepsy (TLE) predisposes to impaired long-term memory leading to
accelerated long term forgetting (ALF) and autobiographical amnesia (AA). Assessment and

diagnosis of this dysfunction requires special test batteries.

OBJECTIVES

1. To unravel special entities of LTM dysfunction in patients with TLE, by administering
special test batteries and comparing with healthy controls.
2. To study associations between memory dysfunction and other baseline characteristics

in patients with TLE.
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MATERIALS AND METHODS
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MATERIALS AND METHODS:

Study design and population:

This is a prospective cohort study. This study was carried out in the R. Madhavan Nayar Centre
for Comprehensive Epilepsy care in the Sree Chitra Tirunal Institute for Medical Sciences.
This study was restricted to adult patients with Temporal Lobe Epilepsy that were scheduled
for long term video EEG monitoring in the epilepsy program in SCTIMST. These cases were

already well worked up for the epilepsy from clinical and imaging viewpoints.

Sample size: No such study had been carried out on this topic from India. Looking at the
published literature from abroad, a sample size of 40 would suffice. Sample size was estimated
based on the effect size noted in a previous, similar studies, where ALF was noted in around
20-25% of healthy individuals and 45-50% TLE patients. Also, 62% of TLE patients performed
at least 2 SDs below healthy controls on AMI. Keeping in mind this incidence, to achieve 80%
power of the study with an alpha error of 5%, the minimum sample size estimated in each group
was 50.

Sample size formula:

To compare two proportions, each group need to have a minimum sample size of

n = (Zl—°</2 t 718 )2(P1Q1 +P,Q2)
(P = Py)?

Where Zi-o12 is the 97.5™ percentile of a standard normal distribution for 6=0.05 that is equal

to 1.96, Z1.p is the 80™ percentile of a standard normal distribution for p=.20 that is equal to

0.84, P1 and P; are the expected proportions in the 2 groups compared, Qi=1-P1 and Q2=1-P».
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Sampling method: Consecutive patients on follow up in the Epilepsy Clinic, who satisfy the

eligibility criteria, will be included.

Controls: We recruited age and education matched controls for this study from volunteers,
casual visitors to the hospital and relatives of the patients who are willing to participate in this
study.

Education details will be obtained, and the participants will be classified into elementary
(completed V standard), secondary (completed X standard), higher secondary (completed plus

2), graduate and postgraduate levels for matching.
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Inclusion criteria:

Any patient with active epilepsy (one or more seizures in the past five years or
seizure free on antiepileptic drugs); age between 18 - 47 years and scheduled for

a prolonged VEEG monitoring (for one to five days) will be screened

e The patient should have temporal lobe epilepsy as suggested by typical
seizure semiology consistent with complex partial seizure of temporal lobe
origin plus any one of the following (a) Interictal epileptiform discharges
in the EEG confined to the anterior or mid temporal electrodes (b) MRI
evidence of lesion in the temporal lobe — medial temporal sclerosis,

tumours or gliosis.

Exclusion criteria:

Any patient with any one of the following will be excluded:

1. Progressive neurological disorders.

2. Lesions in the MRI in any location other than temporal lobe.

3. 1Q less than 80.

4. Significant mental depression.

5. Pregnant women.

6. Medical conditions that may interfere with the test procedures or may

influence the outcome measures.
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Methodology:

The potential candidates for the study were identified from the epilepsy service and were
briefed about the study and the procedures involved. An informed signed and witnessed
consent was taken from every participant. The screening process for recruitment is given in

Figure 1.

Figure 4: Screening process for recruitment of the cases

TLE patients admitted for
VEEG screened

Selection
criteria
satisfied

Excluded

Written
informed
consent

| Recruited |

The clinical details of the patients related to epilepsy, use of antiepileptic drugs, other co
morbidities and general lifestyle of the patient was extracted from the medical records and from

personal interviews. The EEG and imaging details of the patients were recorded.

Neuropsychological assessment:

Standard tests for 1Q, and memory were administered at the time of recruitment, which
included, Weschler Adult Performance Intelligence Scale (WAPIS), Verbal Adult Intelligence

Scale (VAIS) (Appendix) [86].
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Rey Auditory Verbal Learning Test (RAVLT), Rey complex figure test (Appendix) were
administered at baseline, 30 minutes, and 5 days, for assessment of accelerated long-term

forgetting [87,88]. Maximum score for RAVLT was 15 and for RCFT was 32.

Pearson Autobiographical memory interview (AMI) was administered for assessment of
autobiographical memory (Kopelman et al, 1989) [33]. It has ‘personal semantic’ and
‘autobiographical incidents’ domains and each of these domains are assessed in the:

1. Childhood - (score of 21 for personal semantic and 9 for autobiographical incidents)

2. Early adult life - (score of 21 for personal semantic and 9 for autobiographical incidents)

3. Recent life - (score of 21 for personal semantic and 9 for autobiographical incidents)

The maximum total score of AMI is 90 (63 for personal semantic domain and 27 for

autobiographical incidents domain).

The same set of neuropsychological tests were administered to TLE patients and controls. The

administration of these neuropsychological tests was done by a qualified neuropsychologist.

AMI was translated to participant’s mother tongue by the neuropsychologist and administered.

Statistical analyses:

Analyses of all data sets were performed by using the Medical Statistics Software SPSS,
Version 25.0 (IBM, Armonk, New York) with the help of a medical statistics expert. The
comparison of baseline characteristics and different neuropsychological test variables between
TLE and control groups will be done using independent student t-tests or Mann Whitney U
tests, as appropriate. Gender distribution of cases and controls was compared using Fisher’s
exact test. To compare long-term forgetting rates of the patient and control groups, we
conducted repeated-measures analyses of variance (ANOVA), with factors of participant group

and delay (immediate, 30 minutes and 5 days), using recall score as the dependent variable.
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The Greenhouse—Geisser correction for nonsphericity was applied where necessary. A p-value

<0.05 was chosen to control for multiple comparisons.

Ethical considerations:

This study has the approval of the Institutional Ethics Committee (IEC Regn No.
ECR/189/Inst/KL./2013/RR-16) and informed consent was obtained from all the cases and

controls.
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RESULTS
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RESULTS

This hospital based prospective cohort study included TLE patients admitted in comprehensive
epilepsy care unit, SCTIMST for long-term VEEG monitoring during a two-year time (2019-
2020). Of the patients admitted for long-term VEEG monitoring 2019 to 2020, 57 TLE patients
were identified of which 31 patients were fulfilling the inclusion criteria and were included in
the study (Figure 2). All 31 patients were assessed at baseline, 30 minutes, and 5 days. No loss
to follow-up was present. Twenty-six patients were not included in the study, as they had one
or more exclusion criteria, did not satisfy inclusion criteria, or denied consent. All 31 TLE

cases were matched with healthy controls. Age and education variables were considered for

matching.

All 31 cases were
matched with
healthy controls

Figure S: CONSORT diagram of the study
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CHARACTERISTICS OF THE TLE group:

Gender distribution of TLE patients:

In our study (Figure 3), out of 31 cases males were 14 (45.2%) and females were 17 (58.8%).

Figure 6: Gender distribution of cases (n=31)

Laterality of TLE:

The diagnosis and lateralisation into right, left or bilateral TLE was made based on the imaging,
video EEG, ictal semiology, ictal and interictal electrophysiology data. Out of the 31 TLE
cases, 20 (64.5%) were right TLE, 10 (32.3%) were left TLE and 1 (3.2%) was bilateral TLE
(Figure 4).

Figure 7: Laterality of TLE in the patient cohort (n=31)
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Other baseline characteristics of the TLE group:

Table 1: Baseline characteristics of the TLE group

Variable Mean (n=31) Standard deviation
Age of the patient (in years) 29.03 8.38

Years of education (in years) 17.42 3.07

Age of seizure onset (in years) 17.32 10.71

Duration of epilepsy (in years) 12.10 7.68

Recent seizure frequency” (per month) 2.5 3.25

Number of AEDs 2.13 0.81

PIQ 96.90 13.65

VIQ 100.23 19.80

FSIQ 98.81 14.41

*Seizure frequency documented in the preceding 1 year expressed in Median and interquartile range (IQR)

PIQ: Performance IQ, VIQ: Verbal 1Q, FSIQ: Full scale IQ (Appendix), AED: Antiepileptic drug

Age of seizure onset in the TLE group was 17.32 (+/- 10.71) years and the duration of seizures
at the time of enrolment into the study was 12.1 (+/- 7.68) years. Seizure frequency in the 1-
year preceding enrolment was 2.5/month (IQR=3.25). These patients were on 2.13 AEDs on

an average. As mentioned in the criteria for participation in the study, PIQ, VIQ and FSIQ were

more than &0.
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Neuropsychology data of the TLE group:

Verbal memory:

Table 2: Verbal memory — RAVLT data of the TLE group

Variable Mean (n=31) Standard deviation
T1-RAVLT (15) 6.19 1.85
T2-RAVLT (15) 9.03 1.82
T3-RAVLT (15) 10.61 2.60
T4-RAVLT (15) 12.16 2.08
T5-RAVLT (15) 12.45 1.73
30M-RECALL-RAVLT (15) | 10.58 2.28
30M-RECOG-RAVLT (15) 14.00 1.44
30M-CE-RAVLT 0.81 1.92
30M-OE-RAVLT 0.90 1.45
S5D-RECALL-RAVLT (15) 7.48 2.19
5D-RECOG-RAVLT (15) 11.94 2.38
5D-CE-RAVLT 3.52 3.67
5D-OE-RAVLT 3.23 2.70

RAVLT: Rey Auditory Verbal Learning Test, T1 to T5: Triall to 5 of RAVLT, 30M: 30 minutes, 5D: 5 days,

RECALL: Recall, RECOG: Recognition, CE: Commission error, OE: Omission error

Participants were given a list of 15 unrelated words, repeated over five different trials, and were
asked to repeat (Appendix) (T1 to TS scores mentioned in Table 2). Another list of 15 unrelated
words were given and the participant must again repeat the original list of 15 words and then
again after 30 minutes (30M mentioned in Table 2, including recall, recognition, commission
error and omission error). The same procedure was conducted at 5 days interval as part of long-

term memory assessment. Similar testing was also done in the matched controls.

37



[Type text]

Visual memory:

Table 3: Visual memory — RCFT data of the TLE group

Variable Mean (n=31) Standard deviation
COPY-RCFT (32) 30.10 2.57
[I-RECALL-RCFT (32) 19.16 5.12
30M-RCFT (32) 18.68 4.74
5D-RCFT (32) 16.85 4.51

RCFT: Rey-Osterrieth Complex Figure Test, COPY: Copying score of RCFT, IRECALL: Immediate recall,

30MRCFT: 30 minutes recall, SDRCFT: 5 days recall

The RCFT employs a complex geometrical figure as the stimulus (Appendix); it comprises a
large rectangle with horizontal and vertical bisectors, two diagonals, and additional geometric
details. The test proceeds with the participant being asked to draw a copy of the presented
figure as accurately as possible (COPY-RCFT), maximum score of 32. This task is followed
by a distraction and a request to redraw the same figure from memory. In current study,
participants were asked to redraw the figure immediately after copying (I-RECALL-RCFT), at
30 minutes (30M-RCFT) and 5 days (5D-RCFT) intervals. The same procedure has been
applied to controls as well. Table 3 summarizes the various variables of the RCFT testing in

the TLE cohort.
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Autobiographical memory:
Autobiographical Memory Interview (AMI) was conducted for assessing the autobiographical
memory. Table 4, 5 and 6, contain the scores in personal semantic, autobiographical incidents

and total scores of the participants, respectively.

Personal semantic domain:

Table 4: AMI scores in ‘Personal semantic domain’

Variable Mean (n=31) Standard deviation
Childhood (21) 17.43 2.71
Early adult hood (21) 17.42 3.28
Recent life (21) 16.76 3.16

Autobiographical incidents domain:

Table S: AMI scores in ‘Autobiographical incidents domain’

Variable Mean (n=31) Standard deviation
Childhood (9) 4.34 2.20
Early adult hood (9) 4.56 2.69
Recent life (9) 4.77 1.91
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Total score on AMI:

Table 6: Total scores on AMI

Variable Mean (n=31) Standard deviation
T-PS-AMI (63) 51.61 8.45

T-AI-AMI (27) 13.71 6.10

T-AMI (90) 65.32 13.25

T: Total, PS: Personal semantic, Al: Autobiographical incidents, AMI: Autobiographical Memory Interview

Tables 2 to 6 provide the baseline data of the TLE patients in the neuropsychological tests. The

speciality in this assessment is the inclusion of assessment at 5 days interval (verbal and visual

memory) and the assessment of autobiographical memory using AMI.

EEG and imaging details of TLE group:

EEG findings:

Table 7: Interictal discharges in EEG of the TLE group

Interictal discharges”

Right TLE (n=20)

Left TLE (n=10) Bilateral TLE (n=1)

Ipsilateral IEDs 16 10 0
Bilateral IEDs 3 0 1
Contralateral IEDs 1 0 0

*predominant discharges, IED: Interictal epileptiform discharges

e In 20 patients diagnosed with right TLE, EEG findings showed right temporal

[EDs in 16 patients, bilateral in 3 and predominantly left temporal IEDs in 1

patient.

e In 10 patients diagnosed with left TLE, EEG findings showed left temporal IEDs

in all 10 patients.
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e In 1 patient diagnosed with bilateral temporal epileptogenicity, EEG findings

showed interictal epileptiform discharges from bilateral temporal regions in

50:50 ratio.

Imaging findings:

Table 8: Findings in MRI brain of the TLE group

MRI findings Right TLE (n=20) Left TLE (n=10) | Bilateral TLE (n=1)
Ipsilateral MTS 10 4 0
Vascular lesion/Developmental neoplasm | 3 0 0
FCD 3 0 0
B/L medial temporal HI 0 2 1
Contralateral MTS 0 1 0
Normal 4 2 0
Not available 0 1 0

MTS: Mesial temporal sclerosis, FCD: Focal cortical dysplasia, HI: T2/FLAIR hyperintensity

e In 20 patients diagnosed with right TLE, MRI findings showed right MTS in 10

patients, right temporal vascular lesion/developmental neoplasm in 3

(cavernoma, ganglioglioma, dysembryoblastic neuroepithelial tumour in each of

them), FCD in 3 and structural normality in 4 patients.

e In 10 patients diagnosed with left TLE, MRI findings showed left MTS in 4

patients, right MTS in 1, bilateral medial temporal T2/FLAIR hyperintensities in

2 and structural normality in 2 patients (Imaging was not available in 1 patient).

e In 1 patient diagnosed with bilateral temporal epileptogenicity, imaging showed

bilateral medial temporal T2/FLAIR hyperintensities.
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CASES VERSUS CONTROLS:

Baseline characteristics:

Table 9: Comparison of the baseline characteristics of cases and controls
Variable Mean (S.D.) of cases (n=31) | Mean (S.D.) of controls (n=31) | p-value
Age (in years) 29.03 (8.38) 31.19 (7.88) 0.300
Sex (Males/Females) | 14/17 13/18 0.798
Years of education 17.42 (3.07) 16.94 (2.71) 0.513
PIQ 96.90 (13.65) 101.45 (11.16) 0.156
VIQ 100.23 (19.8) 104.19 (14.86) 0.376
FSIQ 98.81 (14.41) 102.87 (11.59) 0.226

PIQ: Performance 1Q, VIQ: Verbal 1Q, FSIQ: Full scale IQ

Age, sex distribution and years of education of the cases and controls were comparable. PIQ,

VIQ and FSIQ of the cases and controls were also not significantly different with a p value of

more than 0.05.

We have divided the educational status into 5 classes: Elementary school, Secondary school,

Higher secondary, Graduate and Postgraduate.

Table 10: Distribution of participants into education classes

Education class Cases (n=31) Controls (n=31)
Elementary school 0 0

Secondary school 2 2

Higher secondary 8 8

Graduate 18 18

Postgraduate 3 3
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Neuropsychological tests: Cases vs Controls:

Verbal memory:

Table 11: RAVLT scores — Cases vs Controls

Variable Mean (S.D.) of cases (n=31) | Mean (S.D.) of controls (n=31) | p-value
T1-RAVLT (15) 6.19 (1.85) 7.29 (2.49) 0.054
T2-RAVLT (15) 9.03 (1.82) 10.03 (2.2) 0.056
T3-RAVLT (15) 10.61 (2.60) 11.94 (2.55) 0.048
T4-RAVLT (15) 12.16 (2.08) 12.55 (2.25) 0.485
T5-RAVLT (15) 12.45 (1.73) 13.03 (2.02) 0.229
30M-RECALL-RAVLT (15) 10.58 (2.28) 10.87 (2.04) 0.599
30M-RECOG-RAVLT (15) 14.00 (1.44) 14.32 (0.87) 0.29
30M-CE-RAVLT 0.81 (1.92) 1.29 (2.56) 0.403
30M-OE-RAVLT 0.90 (1.45) 0.68 (0.87) 0.459
5D-RECALL-RAVLT (15) 7.48 (2.19) 8.35(2.07) 0.113
5D-RECOG-RAVLT (15) 11.94 (2.38) 12.9 (1.87) 0.08
5D-CE-RAVLT 3.52 (3.67) 2.29 (2.56) 0.132
5D-OE-RAVLT 3.23 (2.70) 2.1(1.87) 0.061

RAVLT: Rey Auditory Verbal Learning Test, T1 to T5: Triall to 5 of RAVLT, 30M: 30 minutes, 5D: 5 days,

RECALL: Recall, RECOG: Recognition, CE: Commission error, OE: Omission error

e In 20 patients diagnosed with right TLE, MRI findings showed right MTS in 10

patients,

right temporal vascular lesion/developmental neoplasm

in

3

(cavernoma, ganglioglioma, dysembryoblastic neuroepithelial tumour in each of

them), FCD in 3 and structural normality in 4 patients.
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e In 10 patients diagnosed with left TLE, MRI findings showed left MTS in 4

patients, right MTS in 1, bilateral medial temporal T2/FLAIR hyperintensities in

2 and structural normality in 2 patients (Imaging was not available in 1 patient).

e In 1 patient diagnosed with bilateral temporal epileptogenicity, imaging showed

bilateral medial temporal T2/FLAIR hyperintensities.

Figure 8: Accelerated long-term forgetting in TLE
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ALF assessment (Verbal memory):
Figure 9: Trend of performance of cases vs controls in verbal memory (RAVLT)

(during baseline, 30 minutes, and 5 days)
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The RAVLT recall scores of cases were = baseline (M=12.45, SD=1.73), 30 minutes
(M=10.58, SD=2.28), and 5 days (M=7.48, SD=2.19). The corresponding scores of controls
were = baseline (M=13.03, SD=2.02), 30 minutes (M=10.87, SD=2.04), and 5 days (M=8.35,
SD=2.07). A repeated measures ANOVA, between the groups (cases and controls) indicated

no significant change in verbal memory over time, p = 0.514.
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Visual memory:

Table 12: RCFT scores — Cases vs Controls

Variable Mean (S.D.) of cases (n=31) Mean (S.D.) of controls (n=31) p-value
COPY-RCFT (32) 30.10 (2.57) 31.29 (1.27) 0.024
[I-RECALL-RCFT (32) | 19.16 (5.12) 20.92 (5.87) 0.214
30M-RCEFT (32) 18.68 (4.74) 20.87 (5.63) 0.102
5D-RCFT (32) 16.85 (4.51) 16.40 (4.24) 0.686

RCFT: Rey-Osterrieth Complex Figure Test, COPY: Copying score of RCFT, IRECALL: Immediate recall,

30MRCFT: 30 minutes recall, SDRCFT: 5 days recall

There was no significant difference between the baseline visual learning (I-RECALL-RCFT)

(p=0.214). Follow-up assessment of visual memory (RCFT scores) at 30 minutes and 5 days,

were not significantly different between cases and controls, p- values were >0.05 (0.102 and

0.686 respectively).
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ALF assessment (Visual memory):
Figure 10: Trend of performance of cases vs controls in visual memory (RCFT)

(during baseline, 30 minutes, and 5 days)
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The RCFT scores of cases were = baseline (M=19.16, SD=5.12), 30 minutes (M=18.68,
SD=4.74), and 5 days (M=16.85, SD=4.51). The corresponding scores of controls were =
baseline (M=20.92, SD=5.87), 30 minutes (M=20.87, SD=5.63), and 5 days (M=16.40,
SD=4.24). A repeated measures ANOVA, between the groups (cases and controls) indicated

significant decline in RCFT scores in controls over time, p = 0.004.

47



[Type text]

Autobiographical memory:

Personal semantic memory:

Table 13: Personal semantic AMI scores — Cases vs Controls

Variable Mean (S.D.) of cases (n=31) Mean (S.D.) of controls (n=31) | p-value
Childhood (21) 17.43 (2.71) 18.13 (2.33) 0.284
Early adult life (21) 17.42 (3.28) 19.05 (2.37) 0.029
Recent life (21) 16.76 (3.16) 19.06 (1.43) <0.001
T-PS-AMI (63) 51.61 (8.45) 56.24 (5.12) 0.011

T: Total, PS: Personal semantic, AMI: Autobiographical Memory Interview

The personal sematic AMI scores of cases were, childhood (M=17.43, SD=2.71), early adult

life (M=17.42, SD=3.28) and recent life (M=16.76, SD=3.16). The corresponding scores of

controls were childhood (M=18.13, SD=2.33), early adult life (M=19.05, SD=2.37) and recent

life (M=19.06, SD=1.43). There was a significant difference in the early adult life and recent

life scores compared to controls (p-value of 0.029 & <0.001 respectively). There was no

significant difference in childhood personal sematic scores (p=0.284). Bivariate analysis did

not show any correlation between the age of seizure onset and childhood personal semantic

AMI scores, in the TLE group.

Overall, personal semantic score of cases was (M=51.61, SD=8.45) and there was a significant

difference compared to controls (M=56.24, SD=5.12), p=0.011. These results were reproduced

with analysis using non-parametric tests as well.
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AA assessment (Personal sematic memory):
Figure 11: Trend of performance of cases vs controls in personal semantic domain

(AMI)
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Memory Interview
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Autobiographical memory:

Autobiographical incidents memory:

Table 14: Autobiographical incidents AMI scores — Cases vs Controls

Variable Mean (S.D.) of cases (n=31) Mean (S.D.) of controls (n=31) | p-value
Childhood (9) 4.34 (2.20) 5.03 (1.08) 0.121
Early adult life (9) 4.56 (2.69) 6.16 (1.1) 0.003
Recent life (9) 4.77 (1.91) 6.81 (1.25) <0.001
T-AI-AMI (27) 13.71 (6.10) 18 (2.73) 0.001

T: Total, PS: Personal semantic, AMI: Autobiographical Memory Interview

The autobiographical incidents AMI scores of cases were, childhood (M=4.34, SD=2.20), early

adult life (M=4.56, SD=2.69) and recent life (M=4.77, SD=1.91). The corresponding scores of

controls were, childhood (M=5.03, SD=1.08), early adult life (M=6.16, SD=1.1) and recent life

(M=6.81, SD=1.25). There was a significant difference in the early adult life and recent life

scores compared to controls (p-value of 0.003 & <0.001 respectively). There was no significant

difference in childhood autobiographical incidents scores (p=0.121). Bivariate analysis did not

show any correlation between the age of seizure onset and childhood autobiographical

incidents AMI scores, in the TLE group.

Overall, autobiographical incidents score of cases was (M=13.71, SD=6.10) and there was a

significant difference compared to controls (M=18, SD=2.73), p=0.001. These results were

reproduced with analysis using non-parametric tests as well.
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AA assessment (Autobiographical incidents memory):
Figure 12: Trend of performance of cases vs controls in autobiographical incidents

domain (AMI)

Groups
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Error Bars: 95% CI

AlI: Autobiographical incidents, C: Childhood, EAL: Early adult life, RL: Recent life, T: Total, AMI:

Autobiographical Memory Interview

The total AMI scores (T-AMI) of cases and controls were (M=65.32, SD=13.25) and
(M=74.24, SD=6.88) respectively and there was a significant difference between the groups
with a p-value of 0.002. These results were reproduced with analysis using non-parametric
tests as well.

Bivariate analyses did not show correlation between autobiographical amnesia (T-AMI scores)
and age of onset of epilepsy, duration of epilepsy, recent seizure frequency or number of
antiepileptic drugs in the TLE group (p>0.05). Multivariate analysis could not be performed

due to small sample size.
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Sub-group analyses:

Right versus left TLE:

Table 15: Right TLE vs Left TLE (in the entire TLE cohort)

Variable | Mean (S.D.) in patients with right Mean (S.D.) in patients with left | p-value
TLE (n=20) TLE (n=10)

PIQ 99.75 (13.46) 88.9 (9.48) 0.031

VIQ 107.4 (18.63) 86.4 (15.62) 0.005

FSIQ 103.8 (14.12) 87.9 (8.62) 0.003

PIQ: Performance IQ, VIQ: Verbal 1Q, FSIQ: Full scale IQ

The long-term verbal, visual and autobiographical memory scores of right TLE versus left TLE

in the patients could not be assessed due to significant differences in the 1Q scores of both the

groups. P values 0f 0.031, 0.005 and 0.003 for PIQ, VIQ and FSIQ, respectively.

We have performed a sub-group analysis of 7 right TLE and 7 left TLE patients, matched for

education, IQ, and age.

Table 16: Sub-group analysis of matched right TLE and left TLE cases

Variable Mean (S.D.) in Mean (S.D.) in p-value
patients with right patients with left
TLE (n=7) TLE (n=7)
Age of the patient (in years) 29.71 (9.83) 28.71 (8.86) 0.845
Years of education (in years) 18.14 (3.72) 17.29 (2.36) 0.616
Duration of epilepsy (in years) 11.14 (5.55) 11.86 (8.03) 0.850
Recent seizure frequency” (per month) 3.5 (58.75) 2.5(2) 0.186
Number of events during 5-day assessment period | 2.71 (2.56) 2.14 (2.54) 0.683
Number of AEDs 1.86 (0.69) 257 (1.13) 0.180
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PIQ 98.00 (14.46) 91.71 (8.94) 0.347
VIQ 99 (19.10) 90.29 (15.40) 0.366
FSIQ 98.86 (15.34) 91.29 (7.99) 0.269
T1-RAVLT (15) 4.86 (0.90) 5.57 (2.07) 0.419
T2-RAVLT (15) 8.57 (2.15) 8.86 (1.46) 0.776
T3-RAVLT (15) 10.43 (2.44) 9.57 (2.64) 0.540
T4-RAVLT (15) 12.43 (1.72) 11 (2.58) 0.246
T5-RAVLT (15) 12.71 (1.38) 11.29 (2.43) 0.201
30M-RECALL-RAVLT (15) 10.43 (2.37) 9.86 (2.19) 0.648
30M-RECOG-RAVLT (15) 13.29 (1.60) 13.57 (2.15) 0.783
30M-CE-RAVLT 0.29 (0.76) 1.29 (3.40) 0.462
30M-OE-RAVLT 1.71 (1.60) 1.43 (2.15) 0.783
S5D-RECALL-RAVLT (15) 7.86 (3.13) 6.43 (1.13) 0.279
5D-RECOG-RAVLT (15) 12 (1.53) 12 (3.37) 1

5D-CE-RAVLT 3.71 (3.04) 5.43 (5.25) 0.469
5D-OE-RAVLT 2.29 (1.70) 3(3.37) 0.626
COPY-RCFT (32) 31.29 (0.95) 29.57 (2.64) 0.132
I-RECALL-RCFT (32) 21.29 (5.61) 17.86 (4.34) 0.225
30M-RCFT (32) 20.14 (6.20) 17.71 (3.82) 0.395
5SD-RCFT (32) 18.14 (6.04) 15.71 (2.75) 0.352
C-PS-AMI (21) 17.07 (3.02) 18.14 (1.07) 0.394
EAL-PS-AMI (21) 17.29 (3.93) 17.57 (1.27) 0.858
RL-PS-AMI (21) 15.28 (3.77) 17.64 (2.94) 0.217
T-PS-AMI (63) 49.64 (10.25) 53.36 (4.61) 0.399
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C-AI-AMI (9) 3.43 (2.22) 4(2.16) 0.635
EAL-AI-AMI (9) 3.79 (3.26) 457 (1.13) 0.559
RL-AI-AMI (9) 3.57 (2.30) 471 (0.95) 0.248
T-AI-AMI (27) 10.79 (7.32) 13.29 (2.62) 0.412
T-AMI (90) 60.43 (17.14) 66.64 (3.75) 0.367

*expressed as median and interquartile range (IQR)
PIQ: Performance 1Q, VIQ: Verbal 1Q, FSIQ: Full scale IQ
RAVLT: Rey Auditory Verbal Learning Test, T1 to T5: Triall to 5 of RAVLT, 30M: 30 minutes, 5D: 5 days,
RECALL: Recall, RECOG: Recognition, CE: Commission error, OE: Omission error, RCFT: Rey-Osterrieth
Complex Figure Test, COPY: Copying score of RCFT, IRECALL: Immediate recall, 30MRCFT: 30 minutes

recall, SDRCFT: 5 days recall

There was no significant difference found in the neuropsychological tests (verbal, visual and
autobiographical) between the right TLE and left TLE patients. Repeated measures ANOVA
did not show significant difference in RAVLT or RCFT scores over time, between right TLE

and left TLE groups.

Seizures during study period:
Out of the 31 cases of TLE, 23 patients had seizure events during the study period and 8 were
seizure free. Subgroup analysis of these cohorts did not show significant difference in the

verbal, visual or autobiographical memory scores.

Structural abnormality on MRI:
Out of 31 cases of TLE, MR imaging was available for 30 cases, 24 showed structural
abnormality and 6 were normal. Subgroup analysis of these cohorts did not show significant

difference in the verbal, visual or autobiographical memory scores.
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Left and right TLE separately with matched controls:

A sub-group analysis of left TLE and matched controls/right TLE and matched controls
separately, also, showed similar results with significant differences in autobiographical
memory (p-values of 0.026 and 0.02 respectively for T-AMI scores), but not for ALF (verbal

or visual).
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DISCUSSION

56



[Type text]

DISCUSSION

Our study planned to assess novel entities of LTM dysfunction in TLE. We have
included 31 patients with TLE and 31 healthy controls (age and education matched) in our
study between 2019 and 2020. Special neuropsychological tests for long-term memory
assessment were performed on all the cases and controls. Verbal memory was assessed using
RAVLT and visual memory with RCFT, autobiographical memory was assessed using
Autobiographical Memory Interview (AMI). Data of all the participants was included in the
analyses and there was no attrition at follow up (30 minutes and 5 day assessment). Our study
generated baseline data on LTM, in patients with TLE from India, using special test batteries.
Significant differences between cases and controls were noted in autobiographical memory in
the ‘personal sematic’ and ‘autobiographical incidents’ domains, in early adult life and recent
life but not in childhood (Table 13 and Table 14). Assessment of verbal memory over a 5-day
period showed a trend for accelerated long-term forgetting in cases compared to controls
(Figure 5). Whereas, for visual memory there was a significant difference with a paradoxical
fall of RCFT scores in controls at 5™ day assessment (Figure 7).

The mean age of the 31 cases included in our study was 29.03 (£8.38) years, 14 (45.2%)
were males and 17 (58.8%) were females (Figure 3). Out of the 31 TLE cases, 20 (64.5%) were
right TLE, 10 (32.3%) were left TLE and 1 (3.2%) was bilateral TLE (Figure 4). Their mean
FSIQ score was 98.81 (£14.41).

The trial 5 -RAVLT, 30 minutes recall and 5-day recall mean scores were 12.45 (+1.73),
10.58 (£2.28) and 7.48 (£2.19), respectively. The 30 minutes and 5-day recognition mean
scores were 14 (£1.44) and 11.94 (£2.38), respectively. The 30 minutes and 5-day commission
error mean scores were 0.81 (£1.92) and 3.52 (£3.67), respectively. The 30 minutes and 5-day
omission error mean scores were 0.9 (£1.45) and 3.23 (£2.7), respectively. These values were

similar to previous studies in TLE patients [9,53,89].
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The immediate, 30 minutes and 5-day RCFT scores of cases were 19.16 (£5.12), 18.68
(+4.74) and 16.85 (+4.51), respectively. These scores were similar to previous studies in TLE
patients [8,9,58,59,75]. The total AMI mean scores of ‘personal semantic’ and
‘autobiographical incidents’ domains of autobiographical memory were 51.61 (£8.45) and

13.71 (£6.1), respectively. These scores were similar to previous studies in TLE patients [8,90].

Accelerated long-term forgetting (ALF):

Verbal memory:

Our study showed a trend for accelerated long-term forgetting at 5™ day assessment for
verbal memory in patients with TLE compared to controls (Figure 5). These findings did not
reach statistical significance probably due to small sample size. Cases and controls were
comparable in age, sex distribution, education, and 1Q. Some of the previous studies failed to
show ALF in TLE [47,48,90], whereas majority of the studies have shown ALF for both verbal
and visual memory in TLE [9,11,51,52]. In our study, cases and controls were comparable in
age, sex distribution, education, and IQ.

Visual memory:

Assessment of visual memory scores at 5™ day assessment showed a paradoxical drop
in the RCFT scores of controls, reaching statistical significance. The RCFT scores of copying,
immediate recall and 30-minute recall of cases and controls were comparable. This might be
due to the fact that, the cases who were admitted for VEEG during the assessment period, had
more chance for memorizing the figure during the 5-day interval compared to controls. The
same factor would also be contributing to the non-significant difference of verbal memory
scores at day 5. The other possible explanation would be the effect of outliers on the group data

due to the small sample size.
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Results were similar in sub-group analyses, which included, comparison of right and
left TLE separately with their matched controls, presence or absence of medial temporal
structural abnormality on MRI, presence or absence of seizures during the study period.

However, the effect of these factors cannot be completely excluded, and ALF might be
due to the interplay of various coexisting factors along with TLE, such as AEDs, psychosocial
factors, structural abnormality. So, the interpretation of these results should be done with
caution. Further studies with a larger sample size and with a similar environment for both cases

and controls during the study period are needed.

Autobiographical amnesia (AA):

Our results show significant differences in the autobiographical memory scores
between cases and controls both in personal semantic and autobiographical incidents domains,
in early adult life and recent life, but not in childhood. Correlation analysis did not find any
effect of age of onset of seizures on the childhood AMI scores. Autobiographical amnesia was
documented in TLE patients by multiple previous studies [8,9,11,46,53,58,59,75] and this
particular pattern of AA, more for recent life and preserved early life (childhood in our study),
was previously noted in some studies (Manes et al, 2005; Butler et al, 2007) [9,11]. This might
indicate that LTM with time would become independent of the hippocampus which is in
accordance with the Standard theory of consolidation [65]. Whereas some previous studies
have shown AA across the entire life uniformly favoring the Multiple Trace theory of
consolidation [53,66].

Bivariate analyses did not show correlation between autobiographical amnesia (T-AMI
scores) and age of onset of epilepsy, duration of epilepsy, recent seizure frequency or number

of antiepileptic drugs in the TLE group.
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Analysis of left TLE and matched controls/right TLE and matched controls separately,
also, showed similar results with significant differences in autobiographical memory (p-values
of 0.026 and 0.02 respectively for T-AMI scores), suggesting that ABM might have
bihemispheric representation. Sub-group analysis of matched left and right TLE patients did
not show significant difference in AMI scores. Presence or absence of seizures during
assessment period, presence or absence structural abnormality on imaging did not show
significant difference in AMI scores. Sub-group analysis of patients with normal brain imaging
compared to controls also showed significant differences in AMI scores. These analyses
indicate that patients show autobiographical amnesia independent of the imaging
abnormalities, laterality of the seizures and the occurrence of seizures during the 5-day interval.
Studies on imaging correlation with AA done previously did not find any association with
structural abnormalities in temporal lobes [56,73].

From our study, we can conclude that patients with TLE experience accelerated log-
term forgetting and autobiographical amnesia. These deficits are not identified by the routine
testing which assesses memory function at short intervals (30 minutes), as part of the
neuropsychiatric test battery for PWE. Complaints of amnesia for recent life events with falsely
normal routine memory assessment would invoke the possibility of psychogenic explanations.
However, form our study and other similar studies, it is clear that these complaints might
represent a true deficit that can be measured using appropriate neuropsychological tests.

Autobiographical memory is an important entity of human cognition. It helps in the
remodeling of human behavior based on the previous life events and their consequences.
Hence, their disruption along with a defect in anterograde learning in TLE would lead to severe
disability [7]. There is a necessity for early recognition of autobiographical amnesia in these

patients to plan early intervention.
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Our study helps to provide baseline data on ALF and autobiographical amnesia in
patients with TLE and would be considered as an early step towards standardizing memory
testing protocol in PWE. We recommend inclusion of delayed memory assessment and
assessment of autobiographical memory in the routine neuropsychiatric test battery of PWE
(TLE in particular).

The presence of AA even in patients with normal imaging findings would indicate that
ABM would occur with subtle structural changes or due to widespread network abnormalities.
Functional brain imaging studies of activation patterns during autobiographical memory recall
implicate the involvement of a wide network of brain regions, including frontal, temporal and
posterior cortices, as well as cerebellum and sub-cortical structures [36,91]. The relative
importance of these areas is likely to vary with factors such as the age of the memory, the
emotional and perceptual content and the degree of personal significance [91].

Studies assessing encoding related brain activity in patients with TLE using memory
paradigms in fMRI found reduced activity of the left hippocampus for the items, patients would
go on to forget, together with differential activity levels in other parts of the wider memory
network. This abnormal encoding activity may reflect the formation of substandard memory
representations that are vulnerable to interference [76,77].

Future directions:

Future studies of patients with disproportionate impairments of autobiographical
memory (as noted in our study), using both structural and functional imaging in life, together
with post-mortem examination, will help to clarify which brain regions and processes
contribute to this deficit. Studies to identify predictors of this memory dysfunction in patients
with TLE are needed for early identification and intervention. Inclusion of EEG microstate

analysis and advanced MRI sequences like DTI (Diffusion tensor imaging), VBM (Voxel based
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morphometry) and functional MRI along with neuropsychological assessment would help
identify predictors of memory dysfunction [92].

Ours is the first prospective study from India to assess the novel LTM deficits in
patients with TLE. This study generated baseline data on the magnitude of accelerated long-
term forgetting and autobiographical amnesia in people with TLE. It also unravels the need for
inclusion of delayed memory assessment and autobiographical memory testing in the routine
neuropsychiatric test battery of PWE. This study is important from the clinical perspective as

the identification of these entities can help in early intervention and improving quality of life.
Strengths of the study

1. Prospective nature of the study and direct follow-up of all participants at 5 day of
assessment.

2. Psychiatric or cognitive conditions that can affect the neuropsychiatric assessment
have been excluded.

3. Validated Scores were used to separately assess the different realms of memory
dysfunction in persons with epilepsy.

4. Sub-group analysis studying the effect of seizures during study period, structural brain

abnormalities and laterality of TLE have been performed.
Limitations of the study

1. Multivariate analysis of possible confounders was not performed due to the small
sample size.
2. Ceiling and floor effects of learning have not been taken into consideration.

3. Influence of socioeconomic status and language has not been analysed.
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Table 17: Studies on ALF and AA in epilepsy

Study/Year Sample size | Short interval Special | ALF for ALF for Autobiographic
and assessment entities | verbal visual al amnesia
participants tested | memory memory

Zeman et al.%, 10/TEA Normal AA - - Present

1998

Blake et al.*, 23/Epilepsy | Normal ALF Abnormal in | - -

2000 left TLE

Manes et al.'!, 7/TEA Normal ALF, Present Not Present

2005 AA significant

Bell et al.*?, 25/TLE Abnormal for ALF Absent E -

2006 TLE group

Butler et al.’, 50/TEA Normal ALF, Present Present Present

2007 AA

Milton et al.*, 14/TLE Normal AA - - Present

2010

Mubhlert et al.!°, | 14/TLE Normal ALF Present Present -

2011

Butler et al.”, 22/TEA Normal ALF, Present Present Present

2012 AA

Wilkinson et 27/TLE Normal ALF Present Present -

al.’2, 2012

Hoefeijzers et 24/TEA Normal ALF Present - -

al.”?, 2013

Cassel et al.™%, 18/TLE Normal ALF Present - -

2016

Contador et 5/TLE Normal ALF Absent Absent -

al.?®, 2017

Miller et al.?, 44/Focal Normal ALF Present Absent -

2017 epilepsy

Atherton et al.”®, | 15/TEA Normal ALF Present - -

2018

Beilharz et al.”®, | 14/IGE Normal ALF Present - -

2020

Our study 31/TLE Normal ALF, Not Absent Present
AA significant
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CONCLUSIONS

e Our study provides data on novel entities of long-term memory dysfunction -
accelerated long-term forgetting and autobiographical amnesia in TLE.

e TLE patients showed a trend for accelerated long-term forgetting at 5 days for verbal
memory compared to controls.

e Autobiographical amnesia was significantly higher in TLE patients compared to
controls in early adult life and recent life, both for personal sematic domain and
autobiographical incidents independent of the laterality of TLE.

e The data from our study can help in standardising protocols to assess memory
dysfunction in PWE and in further research.

e As accelerated long-term forgetting and autobiographical amnesia have disabling
implications on quality of life, early identification is necessary for planning intervention

strategies.
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ABBREVIATIONS

ILAE - International League Against Epilepsy
PWE — Persons with epilepsy

TLE - Temporal lobe epilepsy

TEA - Transient epileptic amnesia

LTM - Long-term memory

LTP - Long-term potentiation

MTL — Medial temporal lobe

MTS — Mesial temporal sclerosis

AED — Antiepileptic drug

IGE — Idiopathic generalized epilepsy

ALF - Accelerated long-term forgetting

AA - Autobiographical amnesia

MRI - Magnetic resonance imaging

EEG — Electroencephalogram

IED — Interictal epileptiform discharge

1Q — Intelligence Quotient

VAIS - Verbal Adult Intelligence Scale
WAPIS - Weschler Adult Performance Intelligence Scale
RAVLT - Rey Auditory Verbal Learning Test
RCFT - Rey-Osterrieth Complex Figure Test
AMI - Autobiographical Memory Interview
ATL — Anterior temporal lobectomy

STC — Standard theory of consolidation

MTC — Multiple Trace theory of consolidation
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CALL NOTIFICATION FOR HEALTHY
VOLUNTEERS

This is to notify that a scientific study is being conducted in SCTIMST, Trivandrum titled
“Quantitative Electroencephalogram and Multi-Model Neuro-imaging biomarkers of
Memory dysfunction in Epilepsy”. This study helps to throw light on memory dysfunction in
epilepsy patients and to establish the biomarkers of this dysfunction. This study also includes
healthy people for comparison with epilepsy patients. Participation of healthy volunteers in
this study involves memory and neuropsychological assessment. Healthy volunteers willing
to participate in this study can contact the below mentioned number/person for further details.

Dr. Pavan Kumar Rudrabhatla,
Senior Resident, Dept. of Neurology,
Ph: 9159525608,

Mail: pavankumar@sctimst.ac.in
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PARTICIPANT PROFORMA
Participant Number:
Participant Name:

Group:

Hospital Number:

Age/Sex:

Education:

Years of education:
Occupation:

Address:

Phone Number:

Age of epilepsy onset:
Duration of epilepsy:
Seizure frequency:

Last attack date:

AEDs (Number and drugs):
Body weight (Kg):

Date of baseline evaluation:

Date of Day-5 evaluation:

Number of events between baseline and 5 days assessment:

Neuropsychology
RAVLT:

RCFT:

AMI:

EEG findings:

MRI findings:
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Verbal Adult Intelligence Scale (VAIS)
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Rey Auditory Verbal Learning Test (RAVLT)
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Rey Complex Figure Test (RCFT)

REY COMPLEX FIGURE

SCOT'\'ﬂg for each of the sixteen elements stated below.
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10 | Small Square with Four Dots in Lower Right Quadrant
11 | Small Circle in Lower Right Quadrant
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ETHICS COMMITTEE APPROVAL LETTER
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HITRA TIRUNAL INSTITUTE FOR MEDICAL SCIENCES AND TECHNOLOGY, TRIVANDRUM
Thiruvananthapuram - 695 011, Kerala, India
(An Institute of National Importance under Govt. of India)

//\%%\; > forea=aqws - &]yo99, Fwa, fEan

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

Institutional Ethics Committee
(IEC Regn No. ECR/189/Inst/KL/2013/RR-16)

SCT/EC/332/FEBRUARY-2019 25.06.2019

Dr. Sanjeev V Thomas

Senior Professor

Department of Neurology
SCTIMST, Thiruvananthapuram

Dear Dr. Sanjeev V Thomas,

The Institutional Ethics Committee reviewed and discussed your application to conduct the study entitled
‘QUANTITATIVE ELECTROENCEPHALOGRAM AND MULTI-MODEL NEURO-IMAGING BIOMARKERS OF MEMORY
DYSFUNCTION IN EPILEPSY (IEC/1332)" on 16" February, 2019.

The following documents were reviewed:

Original submission

1i
2

3.
Z
8

Covering Letter addressed to the Chairman, IEC, SCTIMST with checklist

Copy of a letter addressed fo the Director, SCTIMST datad 8.01.2018 from Dr. Sanjeev V Thomas, Professor, Department of
Neurology, SCTIMST

TAC Approvai Letter 4. IEC Application Form 5. Project Proposal 6. Proforma

Patient Information Sheet and Informed Consent Form in English and Malayalam

CV of Principal Investigator and Co-Principal Investigators

Revised submission

Covering Letter addressed to the Chairperson, IEC, SCTIMST with checklist

Copy of a letter addressed to the Director. SCTIMST dated 8.01.2018 from Dr. Sanjeev V Thomas, Professor, Department of
Neurology, SCTIMST

TAC Approval Letter 4. IEC Application Form 5 Project Proposal 6. Proforma

Patient Information Sheet and informed Consent Form in English and Malayalam

CV of Principal Investigator and Co-Principal Investigators

Page 10f 2
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The following members of the Ethics Committee were present at the meeting held on 16! February, 2019 at
G. Parthasarathi Board Room, AMCHSS, SCTIMST

SL. Member Name Highest Degree Gender  Scientific /Non Scientific _ Affiliation with

No. : Institution(s)

1. Dr.RVGMenon M Tech, PhD Male Lay Person No
(Chairman)

2. Dr.RemaM.N MD Female  Basic Medical Scientist No

3. Dr. Kala Kesavan. P MBBS, MD Female  Basic Medical Scientist No

4. Dr. Harikrishna Varma PR Ph.D( Materials Science) Male Medical Technology Yes

5. Dr. Christina George MD Psychiatry Female  Clinician No

6.  Dr. S S Giri Sankar LL.M. Ph.D. Male Legal Expert No

7. Dr. Aneesh V Pillai BA. LLB (Hons.), LLM, Male Legal Expert No

Ph. D, SET (Law)

8. Dr. P. Manickam BSMS, MSc (Epid).,PhD  Male Health Science Expert/ No
Social Scientist

9. Mr. Satheesh Chandran MSW, PGDPM Male Lay person/ NGO/ Social  No
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{Member Secretary) )
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 Praclice and the requirements of the
Indian Council of Medical Research (ICMR).

Sincerely,

P72 e

Mala Ramanathan

o

Member Secretary, IEC
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