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ABSTRACT:

Background: Epilepsy is a chronic neurological disorder characterized by recurrent unprovoked seizures, which constitute the
unigue elementary event of epilepsy. The ictal examination is crucial for seizure phenotyping and neuroanatomic localization of
seizure onset. This work aimed to set up a valid and adapted protocol for Ictal-Postictal assessment.

Methods: Children with epilepsy aged less than 18 years old were included in the ictal-postictal evaluation based on the procedure
developed in 2016 by the European Joint Task Force of ILAE for Testing during seizures. We recorded: age, gender, epileptic
syndrome, disease management, seizure duration, and semiology, and completion of different items of the 2016 ILAE procedure
for patients Testing during seizures.

Results: We evaluated 60 children, 34 males (56.6%) and 26 females (43.3%), with a mean age of 8.4 years old (2-18 years old).
The examiner was able to perform the ictal evaluation in 10% of children within a mean seizure duration of more than 4 minutes.
He noted he did not attend the seizures of 29 children (48.3%), and the duration of the seizures was less than 2 minutes in 18 children
(30%). Ictal cognitive impairment predominantly affected the short-term verbal and visual episodic memory.

Conclusions: The approach adopted during this study allowed us to identify the difficulties encountered and to propose adaptations
for the tests used. Our results suggest that the cognitive profile of individuals with epilepsy does not correspond to a fixed state but
a dynamic state in chronological relation to the occurrence of seizures.
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1. INTRODUCTION

Epilepsy is a chronic neurological disorder characterized by recurrent unprovoked seizures due to an intrinsic neuronal
predisposition to generate abnormal paroxysmal electrical discharges. It affects around 50 million people worldwide, with
approximately 80% of people with epilepsy living in low- and middle-income countries. The incidence of epilepsy across different
age groups is a U-shaped curve with the highest rates observed in young children and older adults (Chen et al., 2023).

Epileptic seizures constitute the unique elementary event of epilepsy. However, they have polymorphic and overlapping semiology.
Indeed, epileptic seizures manifest clinically either by an easily recognized motor phenomenology, or a non-motor phenomenology
(dyscognitive, emotional, sensory, ...) often difficult to perceive, especially taking into account the frequency of cognitive-
behavioral comorbidities in patients. Most research aimed to identify localizing ictal symptoms relied on motor phenomenology
since the 2017 and 2025 International League Against Epilepsy (ILAE) classification for seizures specifies different types of motor
phenomena, whilst cognitive manifestations are all grouped under the general term dyscognitive (Robert S Fisher, 2017; Sandor
Beniczky et al., 2025). The recognition of ictal pathways spanning non-motor seizures benefited greatly from studies using high-
tech, but expensive, functional neuroimaging systems. Thanks to resting-state fMRI, previous case-control studies showed decreased
brain connectivity across various resting-state networks, including sensorimotor, visual, auditory, and default-mode networks,
depending on the epilepsy syndrome, such as absence and focal epilepsy, including temporal lobe epilepsy (Csaba Juhész, 2020).
Other studies demonstrated PET-Scan as a useful tool to identify Psychogenic Non Epileptic seizures (PNES), once they seem
virtually indistinguishable from epileptic seizures (Jose GallucciNeto, 2021). Hence, these high-tech neuroimaging techniques
improved diagnostic yield in epilepsy in addition to their common indication for pre-surgical evaluation (Csaba Juhasz, 2020).
However, such sophisticated equipment requires a well-trained staff and is still too expensive and so not easily accessible for most
people in low-income countries. Thus, the development of alternative and affordable devices is yet quite useful for epilepsy
diagnosis and management within low- and middle-income countries. A focus on non-motor seizures is particularly thought-
provoking since people with recurrent seizures have increased cognitive issues and psychiatric comorbidities. Indeed, the impact of
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epilepsy on the cognitive aspects and psychology of children has been a subject of discussion for a long time (Coste-Zeitoun et al.,
2009). A bidirectional arm rules the complex relationship between epilepsy and cognition. Epilepsy itself, due to frequent seizures
and abundant inter-ictal discharges, can directly alter attention, memory, and other cognitive processes, or indirectly due to cognitive
side effects of anti-seizure medications (ASM). On the other hand, pre-existing cognitive disorders can also worsen epilepsy with
poor compliance to anti-seizure medications (ASM) or difficulty obtaining seizure freedom using only molecules devoid of cognitive
side effects, and resort to polytherapy. Hence, epilepsy balance seems a key point towards social adaptation and mental well-being
of children with epilepsy, as it improves the quality of life and promotes their overall function. Likewise, understanding the
relationship between epilepsy and other comorbid conditions affecting the functioning of patients with epilepsy is crucial to the
establishment of multimodal assessment and overall epilepsy management of patients.

Since then, training of medical and paramedical staff to conduct thorough clinical assessments, especially an evaluation of cognitive
status during a seizure, would enable better characterization of the intellectual performance of these children during seizure, the
peri- and interictal periods. In this issue, the ILAE developed a specific procedure for ictal-postictal assessment in 2016. Mutual
attempts to integrate the procedure have also been published and have highlighted the contribution of staff training to improving the
efficiency of the proposed procedure (O’Kula et al., 2021). Through the present work, we aimed to:

-Provide guidance and train clinicians in the use of the ictal-post-ictal assessment protocol proposed by ILAE in 2016, taking into
account the socio-cultural context, patients' characteristics. -Understand the plausible seizure-related cognitive changes in children
with epilepsy.

-ldentify and propose practical solutions to the contextual difficulties of implementing an ictal-postictal assessment.

2. MATERIALS AND METHODS

2.1. Design and Study Setting:

This prospective cohort study was conducted during the patient's stay in the “Epilepsy Monitoring Unit” (EMU) and/or the inpatient
sector of the Child Neurology Department at XXXX. The EMU is equipped with an Electroencephalogram (EEG) for short-term
recordings, and a Holter EEG for long-term recordings. Both allow the detection of cerebral electrogenesis on the scalp using a 10-
20 system. The inpatient sector has a maximum capacity of 14 beds that are not assisted by surveillance cameras or an alert system
to warn staff of the onset of seizures.

2.2. Participants:

We included children aged less than 18 years old with a follow-up for epilepsy or a referral for paroxysmal events. Epilepsy
diagnoses was based on the 2014 ILAE practical clinical definition of epilepsy (Robert S Fisher et al., 2014). Children admitted for
acute symptomatic seizure or febrile seizure were not considered, and those with neurosensory deficit, severe intellectual disability,
acquired large brain injury, or progressive encephalopathy were excluded.

2.3. Data Collection:

Pre-established forms were used to record the following data: age, gender, perinatal and family history, comorbidities, initial
development, seizure type (according to caregivers’ reports, home video, video obtained during ictal EEG), seizure duration,
epileptic syndrome, aetiology, and disease management. Videos were considered reliable when they were captured in a well-lit
room, showed the entire patient's body and face, the whole seizure from the start to its end. When available, ictal EEG was useful
for seizure classification, but not mandatory and clinical description was enough. We referred to the 2025 ILAE Operational
Classification of Seizure Types for seizure phenomenology narration. The seizure duration was graded as follows: (1) less than 2
minutes; (2) between 2 and 4 minutes; (3) more than 4 minutes; (4) more than T1 (T1 is defined as the point time beyond which the
seizure should be regarded as "continuous seizure activity” and thus indication ASM administration). The performance of patients
on cognitive tasks presented at 3 time points; respectively during seizure (ictal), immediately after seizure (post-ictal), and during
the inter-ictal period was noted. Reasons preventing the evaluation from being carried out were recorded.

2.4. Study protocol:

Patient assessment during and in between seizures is mandatory for seizure type classification and seizure management. The protocol
was structured to perform a three-time-points evaluation: during seizure (ictal), immediately after (post-ictal) and in-between seizure
(interictal).

Testing during seizure followed the same steps proposed in 2016 by the European Joint Task Force of ILAE for patients testing
during seizures (Beniczky et al., 2016). Safety manoeuvres were a top priority and included turning the patients on their sides,
delivering oxygen/suction, turning the light on, uncovering the patient, and parenteral ASM for prolonged seizures (more than 5
minutes for generalized seizures and more than 10 minutes for focal seizures). Since rapidity, safety, and clinical assessment were
the immediate priorities, cognitive evaluation was not carried out in patients who needed parenteral ASM administration. Other
assessment components included: responsiveness (call, painful stimuli, motor prompts without then with demonstration), and
orientation questions. In addition to items assessing cognitive aspects, the evaluation also included somatosensory assessment using
double-stimulus tests and visual testing.
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The second time point of the evaluation was the postictal period, defined as the period from the onset of seizure endpoint until the
return to the patient’s baseline. Post-ictal components were: orientation, verbal memory testing, motor assessment, and naming
objects. The inter-ictal state was evaluated by repeating the same procedure when the patient was not under the influence of a
seizure and at least one hour after the end of the postictal period for comparison.

2.5. Neuropsychological subtests adaptation:

The Cognitive Evaluation followed the same assessment items of the 2016 ILAE consensus (Beniczky et al., 2016). These included
verbal memory testing, counting to 10, and naming objects (standardized list of ten objects by age range: <3 years; <4 years, <5
years, <6 years, <7 Years). Some adjustments to the cultural context and linguistic aspects were necessary. For word recall and
naming items, strange objects were replaced with more familiar ones to our population, respecting their semantic field in the foreign
version. New objects were approved by our department speech therapist (Mr M.B.0O.). Patients were included only if they were seen
at two different times relative to the onset of seizure (Ictal / Postictal, Ictal / Interictal, Postictal / Interictal). For each item, scoring
was represented qualitatively using a binary variable ((1) Completed: if the patient succeeded in carrying out the order/ (2) Not
completed: if the patient failed to carry out the order); or quantitatively considering the number of valid responses by the total
required responses. If the seizure ended before the patient received the command, the item was considered as (3) Not evaluated.
Patients who were seen during their ictal period and displayed completely impaired awareness were assigned the note “Not
completed” for all items.

For adolescents more than 12 years old, the Inter-ictal assessment also included the Arabic version of the Depression, Anxiety, and
Stress Scale (DASS-21). The DASS-21 is composed of three self-report scales comprising 7 questions (Q) each, and known to
measure the emotional states of depression (D: Q 3, 5, 10, 13, 16, 17, 21), anxiety (A: Q 2,4, 7, 9, 15, 19, 20), and stress (S: Q 1, 6,
8,11, 12, 14, 18). These questions are rated on a 4-point severity grade. Then, scores are summed for each scale, and the total for
each scale is multiplied by 2. Based on the total scale (D = Depression, A = Anxiety, S = Stress), the patient's emotional state was
considered Normal (D=0-9; A=0-7; S=0-14); Mild (D=10-13; A=8-9; S=15-18); Moderate (D=14-20; A=10-14; S=19-25); Severe
(D=21-27; A=15-19; S=26-33); or Very severe (D>28; A>20; S>34).

2.6. Evaluator Training:

The evaluator was a medical resident able to indicate and ensure timely safety measures and parenteral ASM administration if
needed. Patient assessment was performed after the evaluator had received a training simulation session on the protocol steps and
cognitive assessment items. The evaluator was provided with a video support for the simulation session, a printed document for the
evaluation steps, and a preestablished file to record evaluation findings. The evaluator assisted the patient at onset seizure once
called by the child's caregiver and/or the nurse caring for the child. The evaluator was warned of the need to note and communicate
any disappointments or difficulties interfering with the completion of the patient assessment.

2.7. Feedback and Elaboration Future Recommendation:

This approach that contributed to the development of a more suitable assessment for the studied condition and the proposal of a
simplified first-line assessment with guidance towards a second-line assessment. Benefits from the revised version of the study
protocol was ascertained from a case study.

2.8. Statistical analysis

Statistical analysis was performed using Excel 2016 and XLSTAT for Windows. Qualitative variables were represented with
frequencies. Hence, quantitative variables were reported with means and ranges. Variables distribution was checked using
Kolmogorov-Smirnov test. Frequencies were compared using the chi-squared test or Fisher's exact test. For normal quantitative
variables, we used the Student test or the ANOVA test to compare two or more means, respectively. For non-normal quantitative
variables, we used the Wilcoxon Rank-Sum Test or the Kruskal-Wallis H test to compare two or more medians, respectively. The
calculated p-value was considered significant for values below the alpha = 0.05 significance level.

3. RESULTS

3.1. Study population characteristics

We evaluated 60 children with a mean age of 8.4 years old (2-18 years old). There were 34 males (56.6%) and 26 females (43.3%)
(Sex Ratio M/F=1.3). Data about seizure types classification are summarized in Table 1.
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Table 1: The table shows seizure classification based on whether the caregivers’ reports or seizure videos were used

Caregivers’ description Video analysis p
Onset 0.008
Focal 23.3% 50%
Generalized 26.6% 10%
Unknown 50% 40%
Onset phenomenology 0.25
Motor 71.6% 60%
Non-motor 28.3% 40%
Elementary phenomenology -
Tonic 25% 26.6% 5%
Clonic 6.6% 23.3%
Tonic-clonic 23.3% 10%
Myoclonic 6.6% 3.3% 6.6%
Hyperkinetic - 3.3%
Epileptic Spasms -
Automatism -
Awareness 0.058
Impaired 58.3% 55%
Preserved 41.6% 45%

The proportions of patients able to complete different items of the cognitive evaluation at onset and after a seizure are represented

in Figure 1.
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Figure 1. The figure shows the proportion of patients who completed the ictal postictal assessment at different time points
(a: ictal; b: postictal, c: inter ictal).

Children seen in the ictal period showed overall ictal cognitive performance that differed significantly from their inter-ictal
performance (y* (2) = 12, p = 0.002). This difference was not noted when comparing ictal and postictal cognitive performance,
reinforcing the idea that changes in the postictal brain are very similar to those enhanced by the ictal discharge. The difference in
global cognitive performance of the study population during the postictal and interictal periods was not significant (F (7, 5) = 1,33,
p=.782,1C a95 % [0,19, 7,01]), raising the hypothesis that the persistent changes expressed interictally may begin as early as the
postictal phase. 3.2. Ictal Evaluation

Ictal EEG was obtained in six children (10%). A similar proportion of children (10%) completed the ictal cognitive assessment.
Their seizure duration exceeded 4 minutes compared to a mean seizure duration of less than 2 minutes in the remaining children
(90%) (t(8.37) = 4.43, p =0.002, 95% CI [1.16, 3.65]). Only four children had ictal EEG recordings and concomitant or a separate
cognitive assessment during seizure recurrence within the inpatient clinical monitoring (6.6%). The ictal cognitive evaluation
allowed the recognition of the focal nature of the seizures in one patient whose seizures were previously considered to be of unknown
onset as an ictal EEG was never obtained. This patient displayed bilateral motor tonic movements during seizures, but he was able
to complete the ictal evaluation at onset, proving the seizure's focal temporal origin. Still, the child had impaired verbal and visual
memory but succeeded in naming 3 objects out of 10 before the seizure ended with bilateral tonic posturing without altering his
consciousness (Figure 2a). Ictal cognitive assessment with electrographic correlation was obtained in one patient thought to have a
motor seizure of unknown onset with confusion, fear expression, automatism with stereotyped head and trunk movement, and motor
hyperkinetic movement of the four limbs. The EEG showed left frontopolar discharges of a rhythmic fast activity with temporal and
spatial progression. Concomitant cognitive assessment showed that the child had impaired language, indicating the diffusion of
discharges to the temporal cortex (Figure 2b).
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Figure 2. The figure shows the epileptogenic network in two patients as presumed predicted based on their ictal assessment.
(a) The patient exhibited altered verbal memory with spared language pointing out the onset of discharges at the mesio-
temporal cortex Later aware bilateral tonic posturing indicates that the discharges spread to the supplementary
sensorimotor area (SSMA) via the ventral root. (b) The patient displayed altered language and hyperkinetic movement of
the four limbs, concomitant electroencephalogram showed initial left sided fronto-polar discharges with slow progression to
the temporal cortex.
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Considering all patients assessed during the onset of seizures, ictal cognitive impairment affected mainly the short-term verbal and
visual memory (¥*(7) = 16.01, p = 0.003, IC95% [0,040; 0,381 ]). Other cognitive domains, such as counting, language, writing,
and reading, which require the activation of widespread and complex subcortical networks in addition to cortical regions, were less
involved (Figure 3a). In the Ictal Naming Test, an average of 3 out of 10 objects was identified. This rate improved during the post-
ictal period (7/10) without reaching the threshold of significance (p=0.6), and normalized during inter-ictal periods.
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Figure 3. The figure shows the mean state ((1): Completed; (2): Not completed; (3): Not evaluated) in patient who underwent the
ictal postictal assessment at different time points. (a) corresponds to data obtained from patients who completed the ictal assessment.
(b) corresponds to data obtained from patients who completed at least two time points of the ictal post-ictal evaluation.

3.3. Post-ictal Evaluation

The post-ictal cognitive assessment revealed significant reading and writing difficulties, both functions sustained by complex
subcortical networks belonging to the ventral system, closely linked with the limbic system and the emotional brain, the amygdala
(x¥(7) = 16.01, p = 0.002, IC95% [0.039; 0.371]). Short-term memory impairment was less affected (Figure 3 b). More than half
of the patients had normal comprehension and verbal functions (80% and 76.6% respectively), which were supported by subcortical
networks belonging to the dorsal system (Figure 1b).

3.4. Inter-ictal Evaluation

Dysfunctions affecting the neuronal circuits supporting reading and writing functions were maintained during inter-ictal periods,
reflecting irreversible reduced neuronal connectivity (Figure 1b). Higher scores within the Anxiety and Stress items of the DAS-21
scale were more frequently observed (26.6% and 25%, respectively) than those within the Depression items (10%) (Figure 4).
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Figure 4. The figure shows the proportion of patients with mood disturbances and their severity as evaluated by the DAS-
21 scale.
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3.5. Feedback and Intervention:

The examiner noted he did not attend the seizures of 29 children (48.3%), the duration of the seizures was very brief in 18 children
(30%), and 7 patients (11.6%) did not cooperate, which constituted reasons for inability to perform the ictal evaluation. The
identification of these factors allowed defining the following parameters: environment, individuals (patient and examiner), and tests
used as the cornerstones of the ictal evaluation, which act as drivers to define the speed of the ictal evaluation. Hence, the
investigator's intervention consisted of adjusting these parameters with the intention of achieving faster and more efficient testing

(Table 2).

Table 2: Differences between the initial version and the revised version of the study protocol

Study Protocol Initial Version Revised Version
Duration (minutes) >2 min (4-5 min) <2 min
Environment
Video No Mandatory
Alarm agent /system No At least alarm agent* Yes
Well-lit room Yes
Individuals Patients Examiner Patients Examiner
Tests Long/ No ordered Steps Short form/ Ordered
Complex / Numerous word Domain Steps/
list specific Minitests | Two word list

*Could be an alarm device or a person who accompany the patient and call the examiner at onset of seizure aura

3.6. Evaluation using the revised protocol

The revised protocol allowed the management of an 8-year-old girl with a diagnosis of probable seronegative autoimmune
encephalitis. Clinical picture at onset associated with subacute behavioral changes, deterioration of academic performance, and
frequent focal motor tonic seizures.

The child received high-dose intravenous steroids, followed by oral corticosteroids in addition to ASM, with seizure freedom and
EEG normalization by one month. During corticosteroid withdrawal, the child presented three months later for seizure
recrudescence. Ictal EEG recorded left-sided frontal discharges of fast activity rapidly involving the whole cortex concomitant to
asymmetric posturing with right upper limb elevation and head deviation to the right side, followed by agitation. Interictal EEG
showed continuous high-amplitude predominantly anterior spike and waves activity, in addition to “extreme delta brush sign”.
Between seizures, the child displayed slow speech and slurred words with perseverative behavior. For treatment adjustment, there
was a need to answer the question whether such a state matched with a larval status epilepticus, comprehension problem, or executive
dysfunction due to the underlying condition or epileptic activity.

Second-line assessment language ascertained major oral expression impairment with speech initiation difficulties consistent with
motor transcortical aphasia. Since both seizure semiology and interictal cognitive pattern indicate dysfunction within the
supplementary motor area with normal brain MRI and significant recovery after intravenous phenobarbital and veinoglobulin, it
was possible to attribute cognitive deterioration to epileptic activity.

4. DISCUSSION

4.1 Ictal Evaluation Input:

According to the current research, cognitive ictal assessment contributes as much to seizure recording as EEG. The concomitant
ictal cognitive and electrical assessments were more effective in locating the seizure origin “march”. The rate of 27% assessed
seizures within 30 seconds reached in a previous UK study (Kandler et al., 2013; Kinney et al., 2019), exceeded that of 10% assessed
seizures within 4 to 5 minutes in our study. Differences may be related to disparities in infrastructure (video assistance, alarm
system), and considerations relative to the study objectives and design. In fact, the US study authors focused only on the step of
safety measures before assessment. In addition, our results revealed cognitive assessment as an effective tool not only for drawing
the cognitive profile of patients with epilepsy but also for outlining epileptogenic networks. These findings are both basic for
epileptic disease phenotyping and deciding pharmacological and non-pharmacological therapeutic options for patients with epilepsy.
However, the transient and brief nature of seizures, delays in patient attendance before the seizure ends, and patient reluctance were
among the reasons preventing the accomplishment of ictal-postictal assessment. Supplementary reasons stated by other researchers
were the lack of well-trained and experienced staff and poor standardization of testing across centers (Beniczky et al., 2016; Hamandi
et al., 2017). Others rather, advocated the development of an appropriate battery of ictal examination (O’Kula et al., 2021). Indeed,
setting valid circuits for immediate and systematic patient assistance during seizures requires the elaboration of structured batteries
devoted to looking after non-motor symptoms, which often escape from video recording and even EEG once a deep focal discharge
does not spread, and cannot be detected using surface electrodes (Alim-Marvasti et al., 2022). Hence, considering such symptoms
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usually neglected by the examiner is the only guarantee for an early positive and differential diagnosis necessary for adequate
personalized care.

For example, our first patient (Figure 2a) was thought to have motor seizures of unknown onset, considering their clinical expression
with bilateral motor phenomenology contrasting with spared consciousness. After the ictal assessment, it was possible to identify
the dyscognitive state at the onset of the seizure with impaired visual and verbal memory. Such ascertainment enabled us to rule out
PNES characterized by preserved recall during bilateral motor events (Kinney et al., 2019). On the other hand, it pinpointed the
middle and anterior temporal cortex as the initial source of epileptic discharge, before it spread to the inferior frontal cortex via the
ventral root; a neuronal pathway previously proposed to support single-word repetition maintenance processes (Majerus, 2013;
Olive et al., 2023). Regarding aware bilateral tonic posturing, reports about the occurrence of symmetric diffuse tonic seizures
during childhood onset focal epilepsy date back to the 90s. Based on these observations, it has been suggested that tonic seizures
result from the activation of the supplementary motor area (SMA), less frequently of the premotor and anterior cingulate area.
Bilateral tonic seizures with preserved awareness, as seen in our report, were related to the activation of the supplementary
sensorimotor area (SSMA) (Shasha Wu et al., 2023). For our second patient (Figure 2b), based on clinical assessment only, it was
challenging to accurately establish the seizure origin as recent neuroimaging studies proved initial temporal lobe involvement
during seizures manifesting with hyperkinetic features contrary to the eminent dogma that hyperkinetic seizures mostly originate
from the prefrontal cortex (L. Vaugier et al., 2009; Wang et al., 2018). Therefore, the correlations between the initial fronto-polar
discharges on the ictal EEG and language impairment during the ictal cognitive assessment allowed us to outline the flow trajectory
of the epileptic discharge from the frontal to the temporal regions.

4.2. Postictal Evaluation Input:

Assessment of patients during the postictal period provided reliable clues to guide localization and lateralization for a long time
(Kinney et al., 2019). Interestingly, in our study, cognitive evaluation during this period revealed a state of anaesthesia within the
neuronal circuits not involved in the ictal discharge. These results suggest that the process responsible for the extinction of electrical
discharges can lead to long-term inhibition of spared brain regions beyond epileptic activity. This hypothesis is consistent with
results from functional neuroimaging studies, although they are more representative of the immediate postictal effects. Indeed, the
onset of seizure spreads speed and related artefacts often reduce the quality of acquisitions obtained during the ictal period when
functional neuroimaging is used for the pre-surgical evaluation. Nonetheless, analysis of data from the postictal period could also
be fruitful. It is suggested that neurotransmitter depletion, changes in receptor concentration, active inhibition, and cerebral blood
flow shunts are inherent to molecular mechanisms underlying postictal symptoms (Koepp et al., 2010). We particularly stress the
dynamic role of endogenous opioids in terminating seizures, whose release requires high-frequency firing, a condition best met
during a seizure. Enhanced opioids _known to have analgesic, rewarding, addictive, and mood-regulatory effects_ could delay or
diminish the intensity of the ictus. Additionally, eloquent cortical and subcortical brain areas probably have an increased response
to opioids due to a feedback loop toward reconstituting the released neurotransmitter and its corresponding receptors (Koepp et al.,
2010). This sensitivity is sufficient to explain the Todd phenomenon, which often indicates the focal onset of a seizure in the cortex
region supporting the dysfunction.

4.3. Interictal Evaluation Input:

Similarly, permanent disruption of reading and writing neuronal networks between seizures documented in the present study
supports the hypothesis that recurrent seizures may lead to persistent defects in brain neuro-circuitries similar to those described as
intoxication by opioids (Christopher A. Blackwood et al., 2021). Accordingly, neuroimaging studies found that stimuli-induced
reduction in endogenous opioid neurotransmission was associated to affect dysregulation, and higher plasma levels of stress
hormones (cortisol, ACTH, ...), implying a widespread network of regions implicated in emotion regulation (Pecifia et al., 2019).
These data could elucidate mood changes exhibited by our population study.

4.4, Protocol Adaptation:

The major contribution of this study lies in recognizing the practical constraints to implementing the evaluation. Interestingly, the
examiner's feedback enabled us to set up an adapted version for ictal-postictal testing, responding to the following recommendations:
-Test duration not exceeding an average seizure length of 1-2 minutes, resorting to abbreviated mini-tests assessing global cognition
and domain-specific cognitive deficits, respectively.

-Recommend two times assessments during at least 2 separate seizures, using as first-line assessment a short-form assessment for
global cognition (Figure 5), and as second-line assessment a targeted evaluation for domain-specific cognitive deficits (Figure 6).
1. The short form assessment for global cognition (Figure 5a) consisted of a six-item questionnaire recording responsiveness,
Sensory response, motor response, language, orientation, and memory. The double stimulus test evaluates sensory response (Figure
5b). Objects (Figure 5¢) and words are the same as in the first version at the beginning of the study. However, in this new version,
we have adopted an easier and time-saving approach using only two lists of three objects/words instead of ten objects/words for two
age groups (less than 5 years, non-scholarly, versus more than 5 years, scholarly) to reduce the time delay in assisting a seizure.
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Short-Form for Outp t & Inpatient

Ictal-Postictal Evaluation Double Stimuli Test (DDS)

-Call the patient by his name g g yal) 3hia < 1 =
-Ask the patient what he feels Y - o Somato-sensory Part
P
¢ :
- vy s 4
Relctimparlentithe seesyouand ,""”" Y L 4 i, Einst Act ; the Second Act : the Third Act : the
hears you TP e LSy 2| sxamminer touches the cxaminer touches the examiner touches the
-Double stimuli test (Figure 5b) E3 el ol gl Al ! | patient's right hand, and patient’s left hand, und patient’s bath hands.
™ | asks which side i being asks which side is being and asks which side is
Hold the patient’s hand and ask him A cillal g gy b s il 3 touched touched being touched
to shake yours AT .
Ask the patient to cross his arms 4 3 S s gyl O ol
->on command AV 1
—>on imitation L e
" " " . y x
I-Show the patient a "glass" and ask him to point out the object and 4 Somato-sensory Part
its use.
-Naming test should be limited to three objects (Figure 5¢)
S ot il First Act : the examiner :\Aﬁ?ﬁ%% "';. ‘\‘_‘l,:',lrr: :\“:‘,:'\k‘uh
i) A e the Brcs Sl _ examiner moves the g .
¢ o @R, @8 W "B, and ke the putsnt | | 50gers of theright hand, | | (BRSO
&y —° N £ ; u plgt e and asks the paticnt A Sy 18
N > | o8 T—< [ which side they are e Srog s g oy patient which side

they are
-Word repaetition :
<Syears:3ipa [ 35
>Syears: &/ &Sua

Ask the patient : 1 oaiall Jud 5
-Which day it is? £38ps lan <5 years > 5 years
-Where he is? Tam g O -
-How old is he/she? €5 e pS
Ask the patient if he remember : S gayall Jud 6
-words you said ? Al o Sl
(a) -Objects you showed him before 7 A padls Yo s =y el

Figure 5. The figure shows the items of the Arabic version of our Short Form for Outpatient and Inpatient Ictal Postictal
Evaluation. Panel (a) shows the steps of the short-form assessment for global cognition for first-line assessment. Panel (b)
shows the double stimulus test. Panel (c) shows the list of objects used for the naming test with respect to the patient’s age

(< or > 5 years).

2. The choice of an adequate mini-test for second-line domain-specific assessment depends on the state of impaired and/or
spared functions during the first-line assessment of a previous seizure (Figure 6a).

Further studies with large population size would be required to answer the question whether ictal cognitive changes have a specific
pattern that should be prioritized during domain-specific assessment. Unless, we raise the following issues:

-Sensory impairment can manifest as an unresponsive state. If spared, test for minor sensory alterations using mini-tests in Figure
6b

-Normal praxis is fundamental for normal motor response and language production. Test for praxis (ask the patient to open his
mouth, make puppets, combine two Lego pieces, ...) before concluding motor deficit or language dysfunction.

-Mini-tests proposed in Figure 6¢ will enable the subtype of language impairment (comprehension, expression, ...), Memory, and
academic skills. Items for memory (Episodic Memory, Working Memory) and academic skills (reading, writing, counting)
assessment could be applied only if language is spared.

-In the case of evident non-motor seizure aura available through (seizure semiology narration, video, or completed outpatient ictal
short-form evaluation, the inpatient ictal-post-ictal assessment could use the second line subtests from the start.

-Video monitoring in a well-lit room (and as possible an alarm agent/system) is highly recommended as it allows:

1. Improve the timely attendance of patients during seizures and so earlier safety measures

2. Record seizure semiology, including motor and non-motor features (facial expression, speech prosody, some autonomic
features such as skin color, sweating...).

3. Record the emotional (facial expression, Laugh, cry, ...); behavioural aspects (stereotypies, agitation, ...) during seizures
-Training the health care staff on safety measures and the different mini-tests of ictal-postictal testing examination.

-Training patients’ caregivers on safety measures and the short form of ictal-postictal testing for outpatient monitoring.

-For interictal evaluation, it would be more suitable to adopt an exhaustive approach based on adapted tests previously validated for
epilepsy (Al-Joudi et al., 2019; Vogt et al., 2017).
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First Line Assessment : Short-Form for Ictal-Postictal Evaluation

Impaired

-Call the patient by his name.
-Ask the patient what he feels.

-Ask the patient if he sees you and
hears you
-Double stimuli test

)

Hold the patient's hand and ask
him to shake yours

Ask the patient to cross his arms
->on command

->on imitation

“ Impaired

‘
ff

Patient’s Alarm

i

=y Langage

Impaired “

o Orientation -Show the patient a glass and ask him
ASk the patient IEhe remenbiers): Ask the patient : to point out the object and its purpose.
*words you sifd . -Which day it is? -Naming should be limited to three
-Objects you showed him before -Where he is? objects
-How old is he/she? -Word repetition

Second Line Assessment

P
Start with impaired / spared functions identified based on the first-line assessment during a previous seizure.

1. Sensory impairment can manifest as an unresponsiveness state. If spared, test for minor sensory alterations (Figure 6b)
2. Normal praxis is fundamental for normal motor response and language production. Test for praxis (ask the patient to
open his mouth, make puppets, combine two Lego pieces, ...) before concluding motor deficit or language dysfunction.
I. Language: (Figure 6¢)
» Impaired: Assess language impairment subtypes (comprehension, expression, ...)
» Spared: Assess Memory (Episodic Memory, Working Memory) ; Academic skills (reading, writing, counting)

-

@
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Sensory - Attention - Spatial orientation

T -~
1. Ask the patient whether he feels strange: 9 3. Ask the patient to focus on the shape placed into the red circle '/ i\‘
7 Smell sensation / Taste sensation Ask him how many similar shapes the figure shows \\ //
» Auditory sounds / Visual perceptions @

» Body sensation | LF \ T —_—
If Yes, ask him to describe and Jocate them @ @ I ! ' 44

2. ASK the patient fo focus on the figure below
Ask him how many palm is there ? / How many stars is there?

Ask him to name objects the figure contains, else ! ! ‘ 3

Sun // Kite // Chair // Cup of Juce // Sand castle // parasol

4. Ask the patient which is the trajectory’s color the ball

must follow to be catched by the guardian

Figure 6b: the figure illustrates items used to test sensory skills (item 1), Attention (item 3, 4), and spatial orientation (item 4)

Language - Academic skills - Memory
List L.a

1. Language & T |4 ‘s.'f.ff 8 .
- i

Comprehension: ask the patient to raise the hands above the head, protract the tongue Xt
(=1} Bicycle Helicopter
ol X 4
Bl Hane Whistle
r' ¥} y f ) i
$poon Apple Crayon
& e ‘ e j 3

shoey wat
r _'9',’ e “ i .{‘ Cregrses

Expression: ask the patient what

Words repetition (same as item 4 of the short form) : and non-word repetition 2%

Naming Test using the attached List (1.a)

Similarities: ask the patient what objects within the List (1.b) refer to ? 2.a. Reading

o
e gl il
2. Learning / Academic Skills
Ask the parient to count to 10 NV | EEAE
AskK the parieut o name cologs (>3 years) el asb ) st gl Jusl za
Ask the patient to name shapes (>3 years) Ty
Ask the patient to read (2.2) / write (2.b) the table content 2 oo St i a2 Ui )
SolS JUBI sl o WiSH 5 AT dilisg S
3. Memory Db SpRld aa g Ihgs! Al Sl
Ask the patient remember words you used for word repetition g
Ask the patient remember objects yon showed him from the list 1.a o
Forward and backward digit span test (Tuniszan Short form) |
2.b. Writting bl Ll Name and surname

Figure 6c: the figure illustrates items used to test Language (item 1), Academic skills (item 2), and Memory (item 3)
(b)
(©

Figure 6. The figure shows the revised approach for ictal and postictal assessment in patients with epilepsy. Panel (a) explain
the choice of the second line mini-tests for domain-specific assessment. Panel (b) illustrates items used to evaluate sensory
skills, attention and spatial orientation. Panel (c) illustrates items used to evaluate language, academic skills and memory.
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4.5. Study Limitations:

The main limitation of our study consisted of focusing on the cognitive aspect, regardless of the factors that quietly affect cognitive
function in children with epilepsy. It is hence important to note that diverse cognitive dysfunctions were reported in patients with
epilepsy. This discordance is attributed to differences in the studied population range of age, origin, comorbid conditions, epileptic
syndrome and aetiology, disease duration, management protocol, and seizure control (Andres M. Kanner, 2020; Auvin, 2022; Cao
& Perfetti, 2016; Coste-Zeitoun et al., 2009; Longcamp et al., 2016; Novak et al., 2022). Epileptic activity was thought to trigger
rapid cognitive deterioration responsible for epileptic encephalopathy for a long time. Further, longitudinal studies will be needed
to answer the raised question of whether epilepsy is a neurodevelopmental disorder resulting from an ongoing process interfering
with the normal maturation of cognitive function in children with epilepsy (Auvin, 2022; Bozzi et al., 2012).

5. CONCLUSIONS

The present project enabled us to set up our appropriate ictal examination protocol, respecting the principles of timely patient
assistance, priority to patient safety, reducing the time required to administer the examination, and including comprehensive items
relevant to non-motor symptoms assessment. Our proposed protocol takes advantage of the present study findings and provides an
important basis for future innovation in ictal examination assessment. Further, analysis of collected results highlights the role of
bivalent practical learning integrating medical practice learning within research protocols in improving medical professional skills,
the efficiency of clinical examinations and patient care. Such approach also allowed through understanding the difficulties of
translating theory into reality, the optimization of the use and application of resources (procedures, tests, examination maneuvers,
etc.).
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