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Abstract: Background: Epileptic patients frequently encounter cognitive impairment. Functions
that are mostly affected involve memory, attention and executive function; however this is mainly
dependant on the location of the epileptic activity. The aim of the study is to assess cognitive
functions in MRI-negative epilepsy patients by means of neurophysiological and
neuropsychological measures. Methods: The patients were enrolled from the outpatient
Epilepsy/Clinical Neurophysiology clinic over a time period of 6 months. The study sample
comprised 20 MRI negative epilepsy patients [mean age + standard deviation (SD), 30.3 + 12.56
years; age range 16-60 years; average disease duration, 13.95 years) and 10 age-matched controls
(mean age = SD, 24.22 + 15.39 years), that were also education-matched (p>0.05) Patients with
epileptogenic lesions were excluded from the study. Informed consent was obtained from all
subjects involved in the study. Auditory ERPs and the cognitive screening tool EpiTrack, were
administered to all subjects. Results: Latencies of P300 and slow waves were prolonged in patients
compared to controls (p<0.05). ASM load and the patients’ performance in the EpiTrack maze
subtest were the most significant predictors of P300 latency. A decline in memory, attention, and
speed of information processing has been observed in patients with cryptogenic epilepsy compared
to age-matched controls, as reflected by P300 latency and EpiTrack scores.
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1. Introduction

Cognitive deficits and behavioral sequels are frequently encountered in patients with epilepsy
(in approximately 70% of chronic epilepsy cases). The deleterious effects of epilepsy in patients’
neurobehavioral function can be determined by a variety of causes such as structural brain lesions,
seizures, epileptic dysfunction, and medical treatment [1].

Besides the aforementioned chronic and progressive effects of epilepsy on cognition, transient
cognitive impairment (TCI), first introduced by Aarts et al.,, [2], is a transient state of aberrant
cognitive function associated with subclinical interictal epileptiform discharges. In this study, 50% of
the patients showed transient cognitive impairment that was associated to interictal epileptiform
discharges (ED). TCI caused by these epileptiform discharges followed a lateralized pattern ie EDs

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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starting in the left hemisphere caused errors in verbal tasks, while those generated in the right
hemisphere caused impairments in non-verbal tests. It seems that EDs cause a temporal disruption
of the function of the brain region involved in the generation of the epileptiform activity as well as
nearby interconnected area. ED have been often associated to memory impairment, executive
dysfunction as well as behavioral disturbances in adults and children with epilepsy.The prevalence
of TCI is believed to be low, occurring in approximately 2.2% of patients referred for routine
electroencephalogram (EEG). However, others reported a TCI prevalence of 33% [3].

Studies specifically addressing neuropsychological function in cryptogenic epilepsy are
relatively scarce [4]. Cognition is more likely impaired in patients suffering seizures of symptomatic
than idiopathic and cryptogenic etiology [5,6]. Attention and memory problems have been estimated
in about 30% in newly diagnosed patients with single or several seizures of cryptogenic origin [7].
The most important factor in shaping cognitive performance in cryptogenic epilepsy seems to be
lower educational status, a fact consistent with cognitive reserve theory in epilepsy [8], while the
number of seizure types, epilepsy duration, and polytherapy seems to account, too [9]. An increased
number of seizure types leads to the disturbance of more complex brain circuits (e.g., hippocampal
circuits) determining neuropsychological impairment in cryptogenic epilepsies [10]. Neuronal loss is
also proportional to the duration of epilepsy [11], while adequate treatment can improve cognitive
function in previously cognitively impaired patients [9]. The lack of morphological abnormalities is
likely to render seizure localization and lateralization more challenging in cryptogenic than in
lesional epilepsy. In such cases, neuropsychological assessment may be of help in the detection of the
epileptogenic zone. These patients are also at increased risk for postoperative cognitive decline when
neurosurgery is considered to control their seizures [9].

TCI has also been studied in animal models, although studies observing the acute effect of ED
on cognitive functions are fewer compared to human studies. Petrucco et al [12] studied epileptic
activity in the visual cortex of mouse models and observed that cortical processing can be impaired
in areas that are far from the brain region responsible for the generation of EDs. The results of this
study agrees with several EEG and fMRI studies in humans that observed changes of the BOLD signal
in brain structures far from the epileptic generator [13]. Therefore, it seems that the propagation of
ED to connected brain regions may also contribute to TCI. [14]

A representative example of how chronic epileptiform activities cause neurodevelopmental
deficits is observed in epileptic encephalopathies such as Landau-Kleffner and West syndrome. On
the other hand, in epileptic syndromes like Dravet syndrome cognitive impairment is not only due
to EEG abnormalities, but also to the underlying genetic pathology of the syndrome [15]

Event-related potentials (ERPs) reflect the summed activity of postsynaptic potentials and are
generated when millions of similarly oriented pyramidal neurons depolarize synchronously in
response to an infrequent or so called “target” stimulus [16]. P300 wave is a positive deflection that
occurs at a latency of about 300 ms after stimulus onset It is elicited by the selection of a specific
processing information strategy, while it depends on the way a subject is akin to respond to future
stimuli; it reflects expectancies formation process, strategic solutions, and memory processing [17].
P300 amplitude represents cognitive events underlying "tasks that are required in the maintenance
of working memory" [18], since it is an ERP component thought to reflect updating operations of the
stimulus context [19,20]. P300 latency has been linked to the speed of stimulus classification during
memory-updating [21]. In healthy subjects, P300 latency negatively correlates with the timing of
attentional allocation processes that varies across individuals [22]. In general two P300 components
are described [14] . The earlier frontocentral P3a component that occurs when the subject is presented
with an unexpected stimulus in the absence of any prior instruction and the temporoparietal P3b
component that reflects update in working memory processes following the presentation of new
information according to the context updating theory (Figure 1)
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Figure 1. Context updating theory of P300 (Adopted by Polich [18]).

P300 wave has been previously studied as a marker of cognitive dysfunction in numerous
neurological diseases, including epilepsy, since it reflects attention and memory processing [6,10].
Studies of P300's characteristics in epileptic patients have mainly observed increased P300 latencies
and lower P300 amplitudes compared to normal subjects. Prolonged P300 latency has been linked to
reduced speed of information processing [18]. This study aimed to evaluate cognitive processing in
patients suffering cryptogenic epilepsy by means of neurophysiological and neuropsychological
measures and seek possible correlations.

2. Materials and Methods

This study was conducted at the Laboratory of Clinical Neurophysiology in AHEPA University
Hospital of Thessaloniki after approval by the research ethics committee of the International Hellenic
University. The patients were enrolled from the outpatient Epilepsy/Clinical Neurophysiology clinic
over a time period of 6 months. The study sample comprised 20 epilepsy patients that were followed
regularly in the outpatient cliniv with no identifiable etiological lesion detected on MRI imaging
(MRI-negative epilepsy) [mean age + standard deviation (SD), 30.3 + 12.56 years; age range 16-60
years; average disease duration, 13.95 years) and 10 age-matched controls (mean age + SD, 24.22 +
15.39 years), that were also education-matched (p>0.05) Patients with epileptogenic lesions were
excluded from the study. The diagnosis was made by experienced adult neurologists specialized in
epilepsy. The participants underwent thorough neurological examination and structural brain MRI
(high-resolution T1, T2, FLAIR, and diffusion-weighted imaging sequences) before inclusion in this
study. All participants provided written informed consent. The anti-seizure medication (ASM) load
was calculated using the ratio of the prescribed daily dose to the defined daily dose (DDD). DDD is
the assumed average daily drug dose defined by WHO . Our patients were all set in polytherapy
regimen with mainly Levetiracetam (LEV) and valproic acid (VAP).

2.1. Neuropsychological testing

EpiTrack, a brief screening tool for detecting cognitive impairment, was administered to all
patients by a trained psychologist. This tool comprises six subtests (the Trail-Making Test A & B parts,
a test of response inhibition, digit span backward, written word fluency, and a maze test) covering
the domains of processing speed, planning, word fluency, and working memory [23]. It is especially
sensitive to cognitive changes associated with antiepileptic medication. The duration of the test was
approximately 10-15 min. The maximum score is 49 points and the cutoff for significant impairment
is <28 points
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2.2. Recording parameters

Auditory ERPs were assessed using a Nihon Kohden Neuropack MEB2300 device. All
participants were subjected to the classic oddball paradigm with binaural auditory stimuli at 70 dB
sound pressure level and a 10-ms rise/fall and a 100-ms plateau time, presented by earphones. The
auditory stimuli were presented in a random sequence with target tones (oddball) of 2000 Hz that
occurred 20% of the time and standard tones of 1000 Hz that occurred 80% of the time at a 0.5-Hz
rate. All subjects were asked to press a button with their right thumb after every oddball tone was
heard, and the reaction time (RT) was subsequently measured.

EEG activity was recorded (filter bandpass, 0.1-50 Hz; analysis time, 1 s) using scalp AgCl
electrodes affixed with electrode paste (Elefix Nihon Kohden, EEG paste Z-401 CE) at Fz, Cz, CPz,
Pz, T3 and T4 sites according to the 10/20 system referred to linked earlobe electrodes, with a left
hand ground. All electrode impedances were <5 kQ. [24].

Thirty responses recorded by the target stimuli were averaged, and data from two consecutive
trials were obtained. Latencies and amplitudes of N200, P300, and SW, recorded from the Cz site,
were considered for this study. In seven patients, epileptiform discharges (ED) occurred during ERP
acquisition. ED were defined as spike and/or sharp wave discharges alone or followed by slow waves
which clearly stand out from background rhythms. The short-term impact of EDs on cognition was
tested by calculating ERPs and RTs in two different conditions: with and without EDs.

2.3. Statistical analysis

Statistical analysis was performed using SPSS 23.0 for Windows (SPSS, Inc., Chicago). All data
were normally distributed (Shapiro-Wilk test). Neuropsychological test scores and ERP parameters
of the two groups were compared using an unpaired Student’s t-test. The linear relations between
the neurophysiological (ERP parameters) and neuropsychological test scores (EpiTrack total score
and subtest scores) were studied using Pearson’s correlation r. Multiple regression analysis was
performed with P300 wave latency as the dependent variable P <0.05 was considered statistically
significant.

3. Results

Demographical and clinical characteristics of the patients and controls are shown in Table 1. The
grand average ERP waveforms of each electrode site are depicted in Figure 2. The mean + SD P300
latency was 359.73 + 39.1 ms in the patients and 318.13 + 23 ms in the controls. P300 and SW latencies
were significantly longer in patients than controls (P = 0.005 and P = 0.05, respectively).

Table 1. Demographic and ERP characteristics of patients and controls.

Patients Controls t-test (P)
Age (years) 30.3 £12.56 24.22 +15.39 0.07
N200 latency (ms) 223.75+26.9 212.5+18.3 0.23
P300 latency (ms) 359.73 + 39.1 318.13 +23 0.005*
Sw latency (ms) 492.36 + 50.72 451.25+41.1 0.05*
N200 amplitude (uV) 8.64 3.8 7.83 +1.85 0.52
P300 amplitude (itV) 16.12 +7.45 17.86 +7.02 0.59
Reaction time (ms) 900.25 + 206.9 833.38 + 94 0.59

statistically significant correlations are marked with an asterisk (*).

do0i:10.20944/preprints202307.0895.v1
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Figure 2. Average of ERP waveforms in epileptic patients recorded with the following electrodes:
Al1, Fz; A21, Cz; A31, CPz; A41, Pz; A51, T3; A61, T4. The recording with Cz electrode is depicted in
green.

The mean amplitude of the P300 wave was 16.11 mV in patients and 17.86 mV in controls, with
no statistically significant differences (P = 0.6). Conversely, a statistically significant difference was
evident in the Trail-Making A and B subtests of EpiTrack (Table 2). Significant negative correlations
were observed between P300 latency and all EpiTrack subtests (P < 0.05).

Table 2. Performance of patients and controls in Epitrack subtests.

Patients Controls t-test (P)

Total Score 26.94+ 3.77 29.87+2.16 0.055
Interference 5.44+1.03 5.75+ 0.7 0.62

Trail A 5.31+£0.79 6+0.53 0.038*

Trail B 5.31 +1.01 6.12+0.35 0.040*
Maze 5.68+1.19 6.37 +0.51 0.137
Verbal fluency test 5.06 +0.85 5.62 +0.74 0.128

ASM load 2.54 +1.70

statistically significant correlations are marked with an asterisk (*).

In patients who developed ED during EEG recording, the total number of single trials with EDs
was 300, and that without EDs was 683.

No difference was observed between ERP characteristics of N200, P300, SW waves and RT (P >
0.05) in single trials with or without ED.

P300 latency and the interference subtest of EpiTrack were significantly correlated with ASM
load (P = 0.041 and P = 0.023, respectively). Multiple regression analysis with P300 latency as
dependent variable, revealed that ASM load and the patients’ performance in the EpiTrack maze
subtest were the most significant predictors of P300 latency (R=0.802, F=2.702; p<0.05). No association
was found between the disease duration and ERP characteristics.

4. Discussion

A decline in memory, attention, and speed of information processing has been observed in
patients with cryptogenic epilepsy compared to age-matched controls, as reflected by P300 latency
and EpiTrack scores. This was mostly due to ASM load, a finding that agrees with those of previous
studies [25,26]. ASM effects are considered to be toxic for cognitive functions since their negative
impact on attention, RTs, and speed of information processing. A few studies have assessed ASM
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effects on cognition by means of neurophysiological markers such as ERPs. In particular, Chen et al
[27], showed that phenobarbital increased P300 latency, which was unaffected by VAP and
carbamazepine. Data from both healthy volunteers and epilepsy patients suggest that LEV exerts few
adverse effects on cognition [28,29] while among the older generation ASMs, VAP, carbamazepine
and phenytoin are less aggressive with respect to cognitive functions with relatively little effects on
concentration, memory, information processing speed or word fluency [30]. Interestingly, evidence
on ASMs’ cognitive side effects over short periods of up to a year remains inconclusive because of
methodological issues. Overall, older ASMs (e.g., phenobarbital) have a more negative impact on
cognition than placebo, nondrug condition, and newer ASMs, with the exception of topiramate that
has the greatest risk of cognitive impairment irrespective of the comparator group [28]

Although early evidence report a significant correlation between the serum concentration of
ASM and the P300 [31,32], others [33,34] however failed to replicate these findings. In line with the
latter studies, Soysal and associates [35], found a greater prolongation of the P300 latency in
cryptogenic focal epilepsy as to their age matched control group, pointing to the role of the type of
epilepsy rather that of the type or serum level of ASM.

Evidence [36] on patients with cryptogenic focal epilepsy of temporal and extra temporal origin
points to the influence of epileptic activity on the prefrontal network integrity as a possible
underlying problem of memory impairment. This study showed impaired working memory and
encoding, which represent processing milestones for episodic memory. Such findings are related to
reduce functional connectivity in the prefrontal areas, rather than to hippocampal pathology as in the
case of mesial temporal lobe epilepsy.

Working memory impairment links to aberrant prefrontal cortex dynamics [37]. In particular,
the frontal prominence of classical generalized 3/sec spike-wave absences may be of help in
understanding ictal neurobehavioral phenomena arising within the frontal lobes. From a
neuropsychological point of view, the distinctive type of disturbed consciousness in classical
absences is supposed to rely upon the ictal “arrest of the working memory” [38]. This may also serve
to account for working memory impairments in cryptogenic epilepsies, since working memory
represents the very early, transient aspects of information processing [39]

Several previous studies have shown significant correlations between P300 latencies and
neuropsychological tests performance. In particular, an inverse correlation was observed between
P300 latency and the total scores of the Wechsler Intelligence Scale for Children-Revised (WISC-R)
and those of the Wechsler memory scale in pediatric epilepsy [33]. In the present study, P300 latency
correlated with all EpiTrack subtests, and a statistical significance was evident. Our patients’
decreased performance in Trail-Making A and B subtests is suggestive of problems in visual
scanning, concentration and motor speed, as well as dividing and shifting attention (mental
flexibility), respectively. ASM exert their negative influence on cognition by suppressing neuronal
excitability or enhancing neuronal inhibition. Attention, vigilance, and psychomotor speed are
among the most common domains affected by ASM, a fact also observed in our patients’ in Trail-
Making A performance. Secondary effects can also manifest on other aspects of cognition, as
problems with executive functions. Depressed Trail-Making B performance may either link to
executive dysfunction and/or the known secondary-systemic effects of arousal deregulation (see
below[40]), the latter emphasizing the role of aberrant reticulo-thalamo-cortical functional rapports
in determining, among other clinical factors, cognitive malfunction.

We herewith found that the Porteus Maze test, a measure of executive functioning and
visuospatial abilities (planning and foresight) emerged as an important predictor of patients’ overall
cognitive impairment, a finding consistent with existing studies, which highlight the presence of
executive dysfunction in adolescents suffering Idiopathic Generalized Epilepsy (IGE) [e.g., 1]. In
addition, we found no association between disease duration and ERPs characteristics, in line with
previous evidence [12].

Our findings are likely to replicate those of previous research, which revealed impaired speed
of information processing in patients with epilepsy [41,42]. Speed of information processing is a
salient neuropsychological affection in patients with MRI-negative epilepsy, a fact possibly linking
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to the pathophysiological processes underling epilepsy and the effects of ASM load than with
interictal epileptic activity [21,22]. Recently it has been suggested that IGE patients’
neuropsychological deficits may represent indirect-secondary manifestations of a primary cortical
tone deregulation inherent to IGEs” pathophysiology. In particular, IGEs” worse auditory-vigilance-
and -inhibitory control performance, as compared to its visual counterpart, seems to account for a
greater vulnerability of the auditory information processing system to the effects of idiopathic
generalized seizures [40]. These findings may apply to our patients’ affected auditory oddball P300
latency and executive and visuospatial dysfunction, since the frontal lobes, especially the right one,
are likely to modulate the arousal levels to produce adequate orientation responses towards the at
hand task. The prefrontal cortex disposes rich bilateral connections with the inferior parts of the
reticular formation strongly contributing to cortical tone modulation, which is modified in the light
of various tasks demands, and through the mediation of language i.e., a given “problem
formulation induces orienting responses and thus a raise of vigilance [43].

We were unable to identify any TCI in those few patients presenting frequent EDs, a fact that
may be partly due to the small-sized group, as well as the brief duration of the neuropsychological
measures implemented, constituting a limitation of this study. Future studies may benefit from the
administration of Continuous Performance Tests in which larger time interval transient aberrant
neurophysiological phenomena may arise. Consequently, we can only speculate that a direct impact
of EDs on cognitive functions may not be as prominent in epilepsy patients as mentioned in other
studies [2]. Various factors may account for the above finding: First, most EDs occurred during non-
target stimuli, and only a small percentage of them occurred during target stimuli typically eliciting
P300; this is in accordance with evidence [44] showing TCI when EDs occurred during a stimulus.
Second, the type of ED may also affect the occurrence of TCI. Patients with generalized discharges of
>3s are more likely to develop TCI than those with focal ED or with generalized discharges of <3 s
[45]. Possibly, an ERP paradigm, making use of more demanding task, should be implemented to
detect TCI more accurately in patients with increased frequency of EDs. Thus, conclusions of this
study should be considered with caution, since further research with larger sample size is needed to
obtain evidence that is more reliable. Moreover, as observed in previous ERP studies, the P300 wave
is a reliable and robust electrophysiological marker for objectively assessing cognitive functions in
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patients with epilepsy, and the combined approach with sensitive neuropsychological screening
tools, such as EpiTrack, can provide valuable and accurate data for detecting and evaluating cognitive
deficits in patients with epilepsy. Hopefully, future studies including wider neuropsychological
batteries assessing multiple cognitive domains along with their registered ERPs would address more
carefully the issue of cognitive impairment and its’ neurophysiological correlates in cryptogenic

epilepsy.
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