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ABSTRACT

Background: Epilepsy is a chronic disorder of the brain that affects people of all ages Neuropsychological
impairment is an important comorbidity of chronic epilepsy in the majority of children with epilepsy. interictal
epileptiform EEG discharges may present as a complicating factor in spite of being seizure free. In a group of
children with interictal EEG discharges there is sudden and unexpected decline of school performance as the
first symptom of epilepsy. Consequently, accumulating cognitive impairment, and even a decline in 1Q scores,
is reported in epileptic children with frequent episodes with epileptiform EEG discharges.

Aim of the Work: To evaluate the possible relationship between interictal EEG discharge and cognitive
function in a sample of Egyptian epileptic children.

Patients and Methods: The ethical approval was obtained from the Hospital Ethical Research Committee.
Each patient and/or parents entering the study signed an informed consent. This study was conducted on 140
children selected from Epilepsy Outpatient Clinic of Al-Azhar University Hospitals during a period of two
years starting from June 2016 untill June 2018. A specialized pediatric neurology sheet was taken. EEG and
cognitive assessment of epileptic patients with and without epileptiform EEG discharges using Stanford-Binet
intelligence scale and P300 by ERP were performed to each patient two times 3 months in between.

Results: we found that patients with frequent IEDs had high mean P300 latency and low IQ when compared to
patients with infrequent and normal EEG examination. In addition, the mean p300 latency significantly
reduced with rising in 1Q (more improvement in cognitive function) after disappearance of IED in some
patients.

Conclusion: Interictal epileptiform EEG discharge had an additional effect on cognitive function especially if
generalized and of high frequency. This effect might be often underestimated and might accumulate, and have
a severe cognitive impact. So, treatment of epileptic patients should put in concern reduction or even treatment
of IEDs as controlling of these IED lead to improvement of cognition.
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INTRODUCTION

Epilepsy is a chronic disorder of the brain
that affects people of all ages. It is the most
common serious neurological condition in the
world, and an important cause of mortality and

In the majority of children with epilepsy,
epileptiform interictal EEG discharges may present
as a complicating factor in spite of being seizure
free ©.

Interictal epileptiform activity is defined by

disability in developing countries .

Approximately 50  million  people
worldwide have epilepsy, making it one of the
most common neurological diseases globally ©.

A long and rich history of research has
characterized relationships between cognitive
function and epilepsy ©.

Many of these cognitive deficits are
related directly to the brain disorder underlying the
epilepsy syndrome. However, in other types of
epilepsy, the epileptic seizures and/or epileptiform
activity can be the dominant factor .

Epilepsy, its underlying cause or treatment
may not stop all development. It may simply cause
cognitive development to occur more slowly or less

{L),l“y than it would have done without the epilepsy
5
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spikes and sharp waves, with or without slow
waves 7.

Interictal epileptiform EEG discharges also
have cognitive effects, although these effects are
generally reported to be reversible when these
discharges are controlled, their impact on daily life
may be greater than suspected, especially when the
effects are not recognized or when the discharges
persist for years. In a group of children with
interictal EEG discharges, there is sudden and
unexpected decline of school performance as the
first symptom of epilepsy ©.

Consequently, accumulating cognitive
impairment, and even a decline in 1Q scores, is
reported in epileptic children with frequent
episodes with epileptiform EEG discharges ©.
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Until now there is no universal agreement
exists about the need for treatment of such
interictal discharges ©.

AIM OF THE WORK

The aim of this work is to evaluate the
possible relationship between interictal EEG
discharges and cognitive function in a sample of
Egyptian epileptic children.

PATIENTS AND METHODS

The ethical approval was obtained from the
Hospital Ethical Research committee. Each patient
and/or parents entering the study signed an
informed consent.

This study was conducted on 140 children
selected from Epilepsy Outpatient Clinic of Al-
Azhar University Hospitals during a period of two
years starting from June 2016 until June 2018.
They were divided into two groups:

Patients group:

Included 100 epileptic children. They were
53 males (53%) and 47 females (47%). Their ages
ranged between 8 to 18 years old with a mean of
(12.32 + 2.96 years). The patients were fulfilling
the following inclusion and exclusion criteria:

Inclusion criteria: Epileptic children
diagnosed according to ILAE (2014). Age: from 8
to 18 years old. Controlled cases (individual who
remained without seizures for either 3 times the
prior to the inter-seizure interval or 1 year). No
change in AEDS in the previous year. Children
with normal MRI brain.

Exclusion criteria: Children with mental
handicap or malignant epilepsy syndromes with etiology
that may affect cognitive function (such as Lennox-
Gastaut syndrome). Children with comorbid diagnoses
of Attention Deficit/Hyperactivity. Children with
developmental disabilities (developmental delay). Drugs
which may affect cognitive function other than AEDS.

Based on EEG findings, patients' group were
divided into 2subgroups based on the presence of
interictal epileptiform EEG discharges IED (abnormal
group) or absence of these discharges (normal group).

Control group:

Included (40) child matched with the same
age (ranged between 8-18 years old) and sex with
patients' group. They were 22 males (55%) and 18
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females (45%). All subjects were non-epileptic
children without histories of (i) any initial
precipitating event (e.g. simple or complex febrile
seizures); (ii) any seizure or seizure-like episode;
(iii) diagnosed neurological disease; or (iv) other
family history of a first-degree relative with
epilepsy or febrile convulsions.

All patients were subjected to the
following: History taking according to pediatric
neurology sheet and included: Duration of
epilepsy. Type of seizure. Seizure frequency. Time
of last seizure. Family history of epilepsy. Types,
numbers and duration of AEDS. Full general
examination. Full neurological examination. MRI
brain (epilepsy protocol) to exclude any structural
abnormality. Electro encephalogram (EEG): EEG
exam was done. The patient was seated relaxed and
lie comfortable at 45° on the couch. The electrodes
were placed on the scalp after being cleaned with
rectified spirit and according to the international
10-20 system held in place. Twenty-one electrodes
used, then we asked the patient to relax and close
his eyes. The recording period continued for 30
minutes during which we used hyperventilation (3
minutes deep breath 17C/ minutes) and photic
stimulation as activation procedures unless
contraindicated. The recorded EEG waves were
averaged, amplified and filtered with band
frequencies of 0.5-30 Hz, sweep speed
15second/page and sensitivity of 50uv/cm. The
EEG trace was saved for reanalysis.

The EEG obtained after 30 mints of
recording was categorized into two groups
according to presence of IEDs: Normal: patients
with  normal EEG record (without IED).
Abnormal: patients with abnormal EEG record
(with IED). IEDs were defined as spike or sharp
wave discharges that clearly stood out from the
background rhythms, with or without an after going
slow wave. The localization and frequency of
interictal epileptiform activity will be determined.

1Q using Stanford Binet test:

The Stanford-Binet intelligence scale is a
standardized test that assesses intelligence and
cognitive abilities in children and adults. The
factors assessed in the test are: verbal reasoning,
quantitative reasoning, abstract/visual reasoning,
and working memory. Each is assessed in two
separate domains, verbal and nonverbal. The test
covers 15 subtests, including vocabulary,
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comprehension, verbal absurdities, pattern analysis,
matrices, paper folding and cutting, copying,
guantitative, number series, equation building,
memory for sentences, memory for digits, memory
for objects, and bead memory. All test subjects
took an initial vocabulary test, which along with
the subject's age, determines the number and level
of subtests to be administered. Total testing time
was 45-90 minutes, depending on the subject's age
and the number of subtests given. Raw scores were
based on the number of items answered and were
converted into a standard age score corresponding
to age group, similar to an 1Q measure.

Event-related potentials (ERPs) for p300:

An event-related potential (ERP) is a
measured brain response that is the direct result of
a specific sensory, cognitive, or motor event. ERPs
were measured by electroencephalogram (EEG)
and represent any stereotyped electrophysiological
response to a stimulus. The study of the brain in
this way provided a noninvasive means of
evaluating brain function in patients with
psychological, neurological and  cognitive
dysfunctions.

The P300 latency is considered to reflect
stimulus evaluation time, the process of selective
attention, and/or the updating of working memory.
The P300 is a late component of ERP occurring at
a latency of approximately 300 ms after
presentation of the target stimulus and has provided
a useful tool for noninvasively assessing cognitive
functions in humans.

P300 tasks generally use auditory
stimulation but are sometimes designed with visual
or somatosensory stimulations.

A) Stimulus and recording parameters:

P300 was recorded using an oddball
paradigm. Two tones were presented in a random
series at a rate of 0.5/sec. A frequent tone (1000
Hz) was presented in 80% of testing time, and a
target tone (2000 HZ) was presented randomly in
20% of testing time. The two stimuli had a rise/ fall
time of 50 msec. and a plateau duration of 200
msec. The stimuli were presented at an intensity of
60 dB SL. An intensity of a fixed sensation had to
be used as P300 parameters may be affected with
intensity of the stimuli.

One hundred stimuli were collected in each
run. Stimuli were presented monaurally (right and
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left separately) with distracting sound in the other
ear. The neurophysiological activity was filtered
from 0.1-30 Hz and displayed on 750 msec. pre-
stimulus recording period was used as a base line
for further analysis of P300 amplitude.

b) Electrode Montage:

The responses were obtained with the
active electrode at CZ, (according to the
international 10-20 system of electrode placement)
referenced to the ipsilateral mastoid. The ground
electrode was placed on the contra-lateral mastoid.
The electrode impedance was kept below five
Kohms.

¢) Procedure:

Electrode sites were cleaned with alcohol.
For the vertex electrode site, the hair was parted as
the scalp was visible and the area was cleaned
using a cotton pad soaked in alcohol. The Cz
electrode was pressed onto the prepared scalp site
and secured in its place with a cotton ball. The
silver cup electrodes were filled with gel, applied
to both mastoids and kept in place by adhesive
plaster.

All subjects were tested while sitting
comfortably with eyes open. The earphones were
placed on their head. They received instructions to
ensure their understanding to the task. The stimulus
was first presented to the subjects without
recording and they were instructed to discriminate
between the two stimuli (frequent and in frequent).
After subject could identify both stimuli well, he
was instructed to be mentally attentive and count
the number of rare" high pitched" stimuli and
report this number after each block of trails. The
accepted percent of correct identification of the
number of target stimuli was judged to be 90% or
more. If lesser percentage were obtained, retest
after training was done.

d) Response analysis and measurement:

Analysis of the P300 had involved the
waveform identification, amplitude, latency and
number of peaks of P300.

1. Waveform identification:

Identification of the location of the P300 as
the positive peak or "series of peaks" occurring at a
latency of approximately 300 ms. after presentation
of the target stimulus. it might be with single,
double or multiple peaks.
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2. P300 Latency:

It is defined as the difference in milli-
seconds between the presentation of the infrequent
target stimulus and the most prominent positive
peak" or series of peaks. If a single peak was
present after 250 msec. it was identified as the
P300 and in this condition the latency was taken at
the middle of that peak. In cases of double or
multiple peaks of P300 wave intersect procedure
was used.

3. P300 Amplitude:

A 50-msec. pre-stimulus baseline was
used. The P300 amplitude was identified as the
maximum voltage within the previous specified
latency range relative to the baseline.

Most previous studies have described
prolonged P300 latencies and no significant
reductions in P300 amplitude among patients with
epilepsy.

EEG exam, IQ and cognitive function test
(P300) were done for each patient two time at three
months' interval period, and one time for control
group.

Statistics:

Statistical presentation and analysis of the
present study was conducted, using the mean,
standard deviation, unpaired student t-test, the
Wilcoxon tests, linear correlation coefficient,
analysis of variance [ANOVA] tests, paired t-test
and chi-square by SPSS V17.

Mean X: to measure a central value for a
group of data.

Standard deviation [SD %]: to measure the
variations within a group.

Student t-test: to test for
difference between two samples means.

Chi-square test: to test statistically significant
relations between different qualitative data.

The Wilcoxon tests: It's used to test the
significance of the difference between two samples
(paired or wunpaired observations), when the
distribution of these samples is not normal.

significant
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RESULTS

Table (1): Comparison between control group and
patients' group regarding 1Q and P300 latency at
visit 1 (V1).

Control Patients
group group Test valuee|P-value|Sig.
No. =40 No. =100
Mean+SD| 95.65 + 4.17 | 87.32 +7.35
jJovi Range 89 — 105 71-110 6.735 0.001
Range 89 — 105 70 — 105
Mean+SD [310.75 * 8.95|360.94 + 15.55
P300 latency V1[Range 295 — 327 320 — 387 -19.153 | 0.001
I Range 295 — 327 320 — 395

There were high significant differences
between patients' group and control group as regards
1Q and P300 latency in visit 1 (P-value < 0.001).

Table (2): Comparison between normal and
abnormal EEG patients at visit 1 regarding 1Q and
P300 latency.

EEG V1
Normal Abnormal | Test value«|P-value|Sig.
No. = 55 No. = 45
+ + +
jovi EA::;;SD 877'28:13;575 867?1:1?694 0995 | 0322 NS
P300 latency V1 Mean+SD|351.87 + 14.19(372.02 + 8.29 8416 0.001 | Hs
Range 320 — 382 357 — 387

There was high statistically significant
difference between patients with normal and
patients with abnormal EEG (IED) in V1 as regard
P300 and no significance concerning the 1Q.

Table (3): Comparison between normal and
abnormal EEG patients at visit 2 regarding 1Q and
P300 latency.

EEG V2
Normal | Abnormal | 1€t | P- Sig.
valuee |value
No. = 64 No. = 36
Mean+SD| 86.69 + 5.81 |81.69 +7.79
jQVv2 Range 73105 70-98 3.641 (0.001{HS
P300 Mean+SD|352.98 + 14.20{381.58 + 5.68
-11.55110.001|HS
Jlatency V2 |Range 320384 | 370395

There was high statistically significant
difference between patients with normal EEG and
patients with abnormal EEG(IED) in V2 as regards
1Q and P300.

Table (4): Comparison between visit 1 and visit 2
regarding 1Q and P300 latency among patients with
normal EEG at visitl.

EEG V1 Visit 1 Visit 2 Test o aluelsig.
(Normal) value®
Mean+SD| 87.98 +5.75 | 87.18 + 5.49
Q Range 75— 105 73 -105 1.032 0.17 NS
Mean+SD|351.87 + 14.19|351.20 + 14.43
P300 latency 1.291 0.15 |NS
Range 320 — 382 320 — 384

*: Paired t-test
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There was no significant difference
between visit 1 and visit 2 regarding 1Q and P300
latency among patients with normal EEG at visit1.

Table (5): Comparison between visit 1 and visit 2
regarding 1Q and P300 latency among patients with
abnormal EEG at visit 1.

EEG V1 (Abnormal) Visit 1 Visit 2 Test valuee [P-value|Sig.
Mean+SD | 86.51 + 8.94 | 82.09 + 7.62
\Q Range | 71-110 | 70100 | 2372 | 0001 |HS
P300 latenc Mean+SD |372.02 + 8.29(378.04 + 9.05 3.377 0002 | Hs
| Y| Range | 357387 | 355-305 ' :

«: Paired t-test
There was high significant difference

between visit 1 and visit 2 regarding 1Q and P300
latency among patients with abnormal EEG at V1.

Table (6): Comparison between generalized and
focal IED regarding 1Q and P300 latency in visit 1.

Generajized Focal lED | Test | P- | sig
No. =27 No =18 value | value .
Mean+SD 83.44 £8.16 91.11 £8.22
1Q V1 Range 71— 105 80— 110 -3.077 | 0.004 | HS
Range 70 - 98 76 — 100
P300 Mean+SD 371.33+8.67 373.06 +7.81
latency V1 Range 357 — 385 360 — 387 -0.678 | 0.501 | NS
Range 365 — 393 355 — 395

There was high statistically significant
difference between generalized and focal IED
regarding 1Q and no significant difference as
regard P300 latency in visit 1.

Table (7): Comparison between frequency of IED
(<1% of time and >1% of time) regarding 1Q and
P300 latency in visit 1:

< 1% of time|> 1% of time|Test value|P-vaule|Sig.
Mean+SD| 92.54 + 7.05 | 79.62 + 5.02
1Q V1 pt Range 84— 110 71-87 6.988 0.001 |HS
Range 80 — 100 70 - 82
P300 latency Mean+SD|371.33 + 8.07|372.81 + 8.66
V1 pt Range 358 — 387 357 - 387 -0.591 0.557 |NS
Range 355 — 395 360 — 393

There was high statistically significant
difference between patients with IED>1% and < 1% of
time of EEG recording regarding 1Q and no significant
difference as regard P300 latency in visit 1.

Table (8): Comparison between visit 1 and visit 2
regarding 1Q and P300 latency among 9 patients
with changed EEG:

Visit 1 Visit 2
EEG changed in V2 Test valuee |P-value|Sig.
No.=9 No.=9
Mean+SD| 83.67 +7.09 | 88.22 + 7.73
1Q 5.813 0.001 |HS
Range 76 — 100 80 — 105
Mean+SD|379.11 + 3.92(363.89 + 5.21
P300 latency 15.953 | 0.001 |HS
Range 375 - 387 355372

*: Paired t-test
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There was high statistically significant
difference between visit 1 and visit 2 regarding 1Q and
P300 latency among 9 patients with changed EEG.

DISCUSSION

This study assessed cognitive function in
epileptic patients with and without epileptiform
EEG discharges and compared these to one another
in two visits 3 months in between using a non-
simultaneous data collection strategy to minimize
artifact that could be occurred with simultaneous-
recording conditions and to simulate the use of
routine EEG  results as predictors  of
neuropsychological impairments.

Epileptiform EEG discharges can be
defined as spike or sharp wave discharges that
stood out from the background rhythms, with or
without an after going slow wave.

The average full-scale 1Q in patients' group
was (87.32 + 7.35) in Visit 1. This was low in
comparison with control group, which was (95.65
+ 4.17). This relatively low value was consistent
with results of a study of O’Leary et al.
describing performance on the WISC Il in
children with epilepsy.

In this study patients with normal EEG
performed better in cognitive function tests (1Q and
P300) than patients with abnormal EEG (in whom
IED were presented) both in visit 1 and visit 2. But,
when patients with normal EEG were assessed
again in visit 2 by cognitive tests (1Q and P300),
there were no significant difference between the
two visits. However, patients with abnormal EEG
showed deterioration in their cognitive functions in
visit 2 that was evident by decreased mean 1Q from
(86.51 + 8.94) in Visit 1 to (82.09 £ 7.62) in visit 2.
In addition, there was increased mean P300 latency
from (372.02 £ 8.29) in visit 1 to (378.04 + 9.05) in
visit 2 in spite of the presence of the same other
epilepsy variables between two groups (frequency
of seizure, duration of illness and type and numbers
of AEDs) as there was no significant differences
between two groups as regard other epilepsy
variables. So, epileptiform discharges had an
additional effect on cognitive function in this study
and this was in line with Jost et al. © and near
finding of Aldenkamp et al. ™ who found
transient cognitive impairment during discharge
and not in the periods before or after it, but they
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carried out EEG and cognitive tests simultaneously
and did not follow their patients again.

It is unclear why epileptiform EEG
discharges affect cognitive functioning, but
apparently some of these discharges may disrupt
central information processing similar to seizures.
In addition, this might be related to the fact that at
cellular level since epileptiform discharges
generating neurons exhibit increased susceptibility
to premature death. So, early detection of IEDs and
appropriate treatment can prevent further neuronal
damage 2.

Of interest, there were 9 patients in this
study whose EEG showed presence of IED in visit
1. On follow up in visit 2 their EEG became
normal after proper treatment with AEDs. These
patients showed significant reduction in mean P300
latency, rise in mean 1Q as compared to their mean
P300 latency and mean 1Q in visit 1.

So, as the IEDs presents, P300 latency
values increased and 1Q decreased which mean a
reduction in cognitive function. Besides, as the
frequency of IEDs were reduced or the record
became normal, P300 latency reduced and IQ
raised, which indicated improvement in cognitive
function. This was near finding of Shymaa et al.
™3 who found improvement of cognitive function
in epileptic patients after proper control of these
patients clinically and by EEG, but they assessed
the patients in four visits, three months in between.

These results suggest that treatment of
epileptic patients should put in concern reduction
or even treatment of IEDs since it affects cognitive
function and it may cause transient cognitive
impairment and behavioral as well as psychological
problems especially in children with epilepsy,
which itself may contribute to the general long-
term risk for cognitive impairment in epilepsy ®*.

In addition, as the dose of AEDs adjusted
according to EEG results, the frequency of IEDs
declined with more control of seizure and
improvement of cognitive functions. These results
agreed with results of Binnie © in his study about
treatment of patients with epilepsy in view of EEG
monitor. Also, he found that after 6 months of
treatment with regular AEDs, 75% of his patients
showed good clinical control and 61.5% of them
showed normal EEG record but he did not assess
cognitive function. Although, some other studies
showed no relation between clinical control of
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epilepsy and EEG findings as Hirokazu “® but his
study was conducted only on patients with mesial
temporal sclerosis, and this group of deep seated
foci are difficult to be recorded by scalp electrodes.
Also, those patients had a structural lesion that may
affect the results (act as source for continues IEDSs).
In our study we selected patients with normal MRI
scan to exclude any possible structural brain
abnormalities.

These results suggested that proper choose
of AEDs according to seizure type and regular
administration, beside adjustment of the dose
according to clinical condition of the patient will
help greatly in reduction of IEDs “®. Besides, the
management of epilepsy could be aided with
continuous EEG monitor for epileptic discharge
and clinical as well as EEG control of epilepsy and
IEDs, which if combined together will achieve
good control of both clinical and subclinical
seizures ™7

As regards to localization of IED:

children with generalized IED showed
more neuropsychological impairment than children
with focal IED and this was in line with
Aldenkamp et al. “® who found that cognitive
impairment was more common during prolonged
(> 3s) generalized activity than during focal
activity. However, this disagreed with Jennifer et
al. “¥ who found that children with generalized EA
did not show more neuropsychological impairment
than children with focal EA. This finding might be
related to seizure type. Approximately, half of the
sample with generalized seizures were diagnosed
with absence seizures, which are considered to be
more benign than tonic—colonic seizures . Also,
disagreed with Aldenkamp et al. “Y who found
that the effects occurred only for generalized
discharges and not for focal discharges. However,
there seemed to be an underlying factor that was
related to the type of epilepsy.

Concerning frequency of IED:

When the group with epileptiform EEG
discharges <1% of the time was compared to those
with epileptiform EEG discharges >1% of the time,
statistically significant differences were noted on
global cognitive functioning (full-scale 1Q) and
P300 latency. In all cases the results were lower (as
regards cognitive function) with higher spike
frequency and this was in line with Jost et al. ©.



Kamel M. et al.

CONCLUSION

Interictal epileptiform EEG discharge had
an additional effect on cognitive function
especially, if generalized and if it was of high
frequency. This effect might be often
underestimated and might accumulate, and have a
severe cognitive impact. Therefore, treatment of
epileptic patients should put in concern reduction
or even treatment of IEDs as controlling of these
IED lead to improvement of cognition.
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