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ABSTRACT

Introduction: Seizure-free patients or substantial reduction in seizure frequency are the most important outcome
measures in the management of epilepsy. The study aimed to evaluate the patterns of seizure frequency and its
relationship with demographics, clinical characteristics, and outcomes. Materials and Methods: A retrospective
cohort study was conducted at the Pediatric Neurology Clinic, Hospital Pulau Pinang. Over a period of 6 months, the
required data were extracted from the medical records using a pre-designed data collection form. Results: Seizure
frequency showed no significant association with patient’s demographics and clinical characteristic. However,
significant reduction in seizure frequency from the baseline to the last follow-up visit was only seen in certain subgroups
of patients including Malays, females, patients <4 years of age, patients with global developmental delay/intellectual
disability, and patients with focal seizure. There was no significant association between seizure frequency and rate
of adverse events. Polytherapy visits were associated with higher seizure frequency than monotherapy visits (27.97 +
56.66, 10.94 + 30.96 attack per month, respectively) (P < 0.001). There was a clear tendency to get antiepileptic drugs
used at doses above the recommended range in polytherapy (8.4%) rather than in monotherapy (1.4%) visits (P <
0.001). A significant correlation was found between seizure frequency and number of visits per patient per year (r =
0.450, P < 0.001). Conclusion: Among children with structural-metabolic epilepsy, Malays, females, patients <4 years
of age, patients with global developmental delay/intellectual disability and patients manifested with focal seizure are
more responsive antiepileptic drug therapy than the other subgroups of patients.
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Introduction considerable proportion of these children will experience

epilepsy during their adulthood lives.!"” Therefore, an
Epileptic seizures are one of the most common, and  incredibly great part of people with epilepsy are firstly
terrifying, neurologic situations that take placein children.  diagnosed and treated as children, when treatment can
The incidence of epileptic seizures is more common in  have an imperative effect on their development and
children than in adults — mainly in young children  quality of life. Patient’s age is an important driving factor
less than 3 years of age. Around half of the epileptic  that influences the pharmacokinetics of antiepileptic
children show syndromes unique to childhood, and a drugs (AEDs). Elimination half-life, protein binding
and volume of distribution of several AEDs show great
discrepancies from children to adults and from neonates
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remission ever.! However, seizure outcome differs
significantly among different epilepsy syndromes,
even in patients manifested or diagnosed with the
same epilepsy.’! Moreover, a high level of mortality
was mainly associated with symptomatic epilepsy.l®!
Recently, The International League Against Epilepsy
(ILAE) Commission on Classification and Terminology
has revised the concepts, terminology and approaches
for classifying seizures and forms of epilepsy.”! The
term “structural-metabolic” characterized a modified
concept to substitute the term “symptomatic.” To some
extent, all epilepsies can be symptomatic. It is frequently
used to indicate poor prognosis cases. While the term
“structural and metabolic” is proposed to show that
there is a separate disorder that is indirectly associated
to epilepsy. Accordingly, pediatric patients diagnosed
with structural-metabolic epilepsy typify the target
population for the current study. The investigation aimed
to assess seizure frequency and its relationship with
demographics, clinical characteristics and outcomes.
Until now, there are no published studies describing the
characteristics of seizure frequency in such a subgroup
of patients in Malaysia.

Materials and Methods

Setting

The study was conducted at the Pediatric Neurology
Clinic, Hospital Pulau Pinang. This clinic is the main
public referral center in Penang Island; it mainly deals
with complicated and challenging pediatric neurological
patients. The clinic has one hospital attendant, one
administrative officer (receptionist), two community
nurses, one staff nurse, two house medical officers
and a pediatric neurologist. Hospital Pulau Pinang is
supported by the Malaysian Ministry of Health and
serves a catchment area of about 750,000 people (The
Ministry of Health Malaysia. February, 2011, http://hpp.
moh.gov.my/v2/).

Study design

A retrospective cohort design was implemented. A
unified set of inclusion and exclusion criteria were
used. All patients who satisfied the study criteria were
included. A total of 132 pediatric patients were enrolled
in the study. The recruited children were followed-up
for 1 year since the first visit. Inclusion criteria were (a)
age 22 years; (b) anew diagnosis of structural-metabolic
epilepsy based on confirmed pathological changes in
hematology, serum biochemistry, cerebrospinal fluid
analysis and morphological changes of the brain by
magnetic resonance imaging (MRI) or histopathological
examination; (c) therapeutic management with AEDs;

and (d) 23 visits during the first year from the referral
time. Exclusion criteria were patients who had not
satisfied the inclusion criteria.

Study approval

This study was approved by the National Institutes
of Health (NIH) and by the Medical Research Ethics
Committee (MREC), Ministry of Health Malaysia
(Registration ID: NMRR-09-931-4714).

Data collection

The required data were extracted from the identified
patients” medical records using a pre-designed data
collection form. The collected data included information
about the demographic characteristics, seizure type,
child development, adverse events, seizure frequency
and AEDs.

Diagnosis of global developmental delay/intellectual
disability (GDD/ID) was documented by the pediatric
neurologist in the patients’ medical records based on
the child or family history, laboratory investigations and
examination.®!Similarly, identification of adverse events
was totally based on the pediatric neurologist and/or
house officer documentation. To identify the rate of using
AEDs at doses above the recommended range (DARR),
all the doses were reviewed. This assessment was based
on the recommended drug doses that were mentioned in
“Pediatric Protocols for Malaysian Hospitals.”

Several scientific discussions were held between the
pediatric neurologist and the principle investigator
to ensure the underlying type of cause (i.e., etiology
of epilepsy) and seizure type. Because of the large
vacillation in the time period between clinic visits,
monthly standards of seizure frequency were used
(attack per month). At the patient level, the term “average
seizure frequency” signifies the sum of the patient’s
seizure frequency for all visits divided by the patient’s
total number of visits during the follow-up period.

Statistical analysis

Demographic and disease characteristics of the patients
were illustrated by descriptive statistics. Percentages
and frequencies were used for the categorical variables,
while the mean + standard deviation was calculated for
the continuous variables. The non-parametric test, One-
Sample Kolmogorov—Smirnov Test (K-S test), was used to
test the normality of the continuous variable (i.e., seizure
frequency). Comparison of continuous non-normally
distributed variables between the two groups was done
by the Mann-Whitney test. The Kruskal-Wallis test was
applied to determine the differences of continuous, non-
normally distributed variable among >3 groups, which
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were examined by the post-hoc Mann-Whitney test with
Bonferroni’s adjusted P-value to identify the difference
between each of the two groups.

The Wilcoxon signed ranks test, a non-parametric
statistical test, was used to evaluate the difference of the
continuous non-normally distributed variable at two
different occasions (e.g., first and last visit) in one group
of patients. Last of all, the non-parametric Spearman’s
rho test was applied to test the correlation between two
continuous non-normally distributed variables. All the
analyses were performed using the Predictive Analytics
SoftWare (PASW) statistics 18.0.

Results

Patients’ description

One hundred thirty-two patients were recruited in this
observational study, and 12 of them were excluded.
Missing or ambiguous data and doubt associated with
the etiology of epilepsy were the main reasons for the
exclusion.

The mean age of the studied patients was 7.23 + 3.55
years. The patients’ age ranged from 2 to 15 years. In
relation to ethnic distribution, there was a slightly higher
proportion for Chinese patients. Number of males was
to some extent higher than the number of females. The
most commonly recorded etiologies of the structural
brain abnormalities were spastic cerebral palsy and
microcephaly [Table 1].

Fifty percent of the patients had GDD/ID. Likewise,
generalized epilepsy was the diagnosed seizure type in

Table 1: Etiologies of the structural brain
abnormalities

Etiology Patient n (%)
Spastic cerebral palsy 15 (12.5)
Microcephaly 11 (9.20)
Tuberous sclerosis 6 (5.0)
Down syndrome 5 (4.20)
Angelman syndrome 4 (3.30)
Hydrocephalus 3(2.5)
Autism 3(2.5)
Neurodegenerative disorders 2 (1.70)
Dandy Walker syndrome 1 (0.80)
Mitochondrial disorder 1(0.80)
Mowat—Wilson syndrome 1(0.80)
Hyperplexia 1(0.80)
Encephalopathy 1(0.80)
Congenital toxoplasmosis 1(0.80)
Agenesis of the corpus callosum 1 (0.80)
Others 64 (53.30)

about half of the patients. About 61% of the patients had
adverse events during the follow-up period. Majority of
the patients were suffering from recurrent seizure attacks,
and only a small proportion of them were seizure-free at
the baseline assessment. During the follow-up period,
two-thirds of the patients received only old generation
AEDs and only one-third of the patients received the
newer agents as adjuvant therapy:.

A total of 563 outpatient visits were recorded.
Monotherapy treatment with AEDs was seen in 220
(39%) visits. Valproic acid was the most frequent AED
used as a monotherapy; it was found in 138 (63%) of the
monotherapy visits. Carbamazepine was found in 56
(25%) monotherapy visits. In addition, clonazepam also
had a considerable proportion in those monotherapy
visits; it was seen in 20 (9%) visits.

In relation to polytherapy visits (1 = 343; 61%), valproic
acid-clonazepam combination was the most common
multidrug therapy used. It was found in 80 (23%)
polytherapy visits. Fifty (15%) polytherapy visits
included valproic acid—carbamazepine combination.
Combinations comprising of lamotrigine, valproic acid
and/or carbamazepine constituted the polytherapy
treatment in 50 (15%) visits. In the same trend, 21
(6%) polytherapyvisits involved combinations of
topiramate, valproic acid and/or carbamazepine, while
13 (4%) polytherapy visits contained carbamazepine/
levetiracetam or clonazepam combinations. Additionally,
a combination of levetiracetam, lamotrigine and valproic
acid was seen in eight (2%) polytherapy visits.

Patterns of seizure frequency

In general, the mean baseline and last follow-up visit
seizure frequency were 34.37 + 116.96 and 14.59 *
34.74 attacks per month, respectively. This reduction
in patients’ seizure frequency from the baseline to last
follow-up visit was found to be significant (P = 0.001).
In terms of visit, seizure frequency of the studied
patients did not show a considerable variation among
the different age strata. Moreover, applying of the non-
parametric Spearman’s rho correlation did not illustrate
any significant relationship between seizure frequency
and age (r = -0.025). However, only patients <4 years
old showed a considerable improvement in their seizure
frequency from the baseline to the last follow-up visit
[Table 2].

Seizure frequency showed no significant variation with
gender. Nevertheless, only female patients displayed
a considerable reduction in their seizure frequency
(P =0.001) at the last visit compared with the baseline.
Likewise, no significant difference was seen in seizure
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Table 2: Variation in seizure frequency between baseline and last follow-up visit according to different variables

Variable Patient Baseline seizure frequency (attack per Last visit seizure frequency (attack per Pt
n (%) month) month)
Mean = SD Percentile (25-50-75) Mean = SD Percentile (25-50-75)

Age (years)*
<4 24 (20) 33.81 +49.16 1.12-9.00-30.00 15.73 + 31.88 0.00-1.25-30.00 0.024$
4to <8 47 (39.17) 4496 + 178.16 0.00-2.00-10.00 17.33 £ 45.74 0.00-28.00-7.29 0.151
8to <12 32 (26.67) 27.79 £ 51.79 0.00-1.75-25.50 13.96 + 25.76 0.00-2.34-17.25 0.190
=12 17 (14.16) 18.26 + 33.44 1.75-6.00-21.00 6.55 + 10.95 0.88-2.50-9.62 0.068
Total 120 (100)

Gender
Male 71 (59.16) 24.24 + 45.48 0.00-2.00-30.00 17.82 + 40.34 0.00-2.00-14.00 0.175
Female 49 (40.84) 49.05 + 174.71 1.00-2.50-30.00 9.89 +24.10 0.00-0.28-4.75 0.001¢
Total 120 (100)

Race
Malays 39 (32.5) 26.67 + 42.64 1.50-5.50-30.00 7.89 +14.48 0.00-2.50-10.00 <0.001¢
Chinese 51 (42.5) 17.87 + 44.46 0.00-2.00-12.00 14.48 + 40.15 0.00-1.00-12.00 0.509
Indians 30 (25) 72.44 +219.73 0.72-2.00-82.50 23.46 + 41.91 0.00-1.25-45.00 0.174
Total 120 (100)

Development
GDD/ID? 61 (50.84) 39.65 + 155.82 0.75-2.00-30.00 14.96 + 36.89 0.00-1.00-9.00 0.0098
Normal 59 (49.16) 28.91 +53.75 0.00-2.00-30.00 14.19 + 32.68 0.00-2.00-15.00 0.073
Total 120 (100)

Seizure type
Focal 56 (46.66) 24.28 + 51.41 0.10-2.00-12.00 4.80 £9.75 0.00-0.50-5.12 0.001¢
Generalized 64 (53.34) 43.20 + 152.84 0.74-3.00-30.00 23.15+45.13 0.04-2.05-30.0 0.156
Total 120 (100)

Adverse events
Yes 74 (61.67) 37.43 + 143.49 0.30-2.75-30.00 17.81 £ 40.37 0.00-1.80-15.25 0.045%
No 46 (38.33) 29.45 + 52.27 0.37-2.00-30.00 9.40 £ 22.42 0.00-1.00-8.50 0.0078
Total 120 (100)

‘Age categorization based on the baseline assessment, TGDD/ID: Global developmental delay/Intellectual disability, *Wilcoxon signed ranks

test, 8P < 0.05 is considered statistically significant.

frequency among the difference ethnic groups. However,
only Malay children demonstrated a significant decrease
in their seizure frequency (P < 0.001) at the last visit
compared with the baseline.

Although the average seizure frequency tends to be
higher in the GDD/ID children than those with normal
development, statistically, no significant difference
was observed. In comparison, seizure frequency at the
last visit was significantly lower (P = 0.009) than that
at the baseline in patients with GDD/ID. Meanwhile,
normally developed children did not demonstrate any
significant difference between the baseline and the last
visit seizure frequency. Statistical analysis exhibited a
noticeable difference (almost to be significant P = 0.051)
in the average seizure frequency between patients with
different seizure types. Patients with generalized seizures
characterized a more challenging sort of patients than
patients with focal seizures. Thus, only children with
focal seizures revealed a significant difference (P =0.001)
in their seizure frequency between the two occasions
(i.e., baseline and last visit).

There was no significant association between seizure
frequency and the rate of adverse events. Both groups
of patients with and without adverse events showed a
significant drop in their seizure frequency at the last
follow-up visit compared with the baseline.

Therapy type (i.e., monotherapy and polytherapy)
showed a significant association with seizure frequency
(P < 0.001). Visits including polytherapy management
with AEDs had higher seizure frequency (27.97 + 56.66
attack per month) than monotherapy visits (10.94 +30.96
attack per month). In the same meaning, an increase in
the seizure frequency was accompanied by an increase in
the number of AEDs. Although applying of the Kruskal-
Wallis Test answered the research question [Table 3],
post-hoc Mann—Whitney test with Bonferroni’s adjusted
P-value (level of statistical significance is <0.0083) was
used to identify the difference between each two groups
of visits. Visits with one AED therapy had significantly
lower seizure frequency than visits with two (P <0.001),
three (P < 0.001) or four AEDs (P = 0.006) therapy.
Moreover, visits with three AEDs therapy had higher
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Table 3: Relationship between number of prescribed
AEDs and seizure frequency

AEDs Visits Seizure frequency P*
n n (attack per month)

Mean = SD
One 220 10.40 = 31.04
Two 257 26.70 + 48.30

<0.001%

Three 81 52.45 + 149.28
Four 5 30.30 + 20.68
Total 563

*Kruskal-Wallis Test, TP < 0.05 is considered statistically significant

seizure frequency than visits with two AEDs therapy
(P <0.001).

In relation to the doses of AEDs used, there was a
clear tendency to get DARR in the polytherapy (8.4%)
rather than in the monotherapy (1.4%) visits (P <0.001).
Likewise, there was a significant difference in the seizure
frequency (P < 0.001) between visits with AEDs used at
DARR (81.05 + 128.09 attack per month) and visits with
AEDs used at recommended doses (17.71 + 36.92 attack
per month).

Furthermore, a significant correlation was found between
the average seizure frequency and number of visits per
patient per year (Spearman’s rho correlation r = 0.450,
P <0.001).

Discussion

In general, there was a positive clinical outcome related
to a significant drop in the seizure frequency at the last
visit of the follow-up period compared with the baseline.
Age was not a driving factor to influence the seizure
frequency in the studied patients. Furthermore, changes
in the seizure frequency from the baseline to the last visit
were trivial for all age strata except for the patients who
were >4 years old. This differed from a study conducted
in the United States, which demonstrated no significant
correlation between the changes in the seizure frequency
from the baseline to the end of the follow-up period and
age.’’However, no consistency was found between the
cited and the current study in relation to patients’ age.

In the present study, the relationship between seizure
frequency and gender seemed to be inconsequential.
This was opposed by a Russian study aiming to construct
algorithms of suicide prediction for males and females;
seizure frequency was significantly higher in females
than in males.['”l However, the reduction in the seizure
frequency at the last visit compared with baseline was
only significant for female patients in the current study.

This was supported by the outcomes of a cohort study,
which showed a significant difference between the
changes in the seizure frequency from the baseline to
the end of the follow-up period and gender.!"!

Indian patients were the highest among the ethnic groups
in term of seizure frequency. However, statistical analysis
failed to identify any significant difference in the seizure
frequency among the three racial groups. By comparing
the last visit seizure frequency with the baseline value,
only Malays exhibited a significant reduction in the
number of seizures. Unfortunately, there were no
studies that discussed the relationship between seizure
frequency and race. Thus, it might be worthy to explore
the relationship not only between seizure frequency and
race but also between seizure frequency and gender.

As mentioned earlier, 61 (50%) patients had GDD/ID
in the selected population. The reduction in seizure
frequency from the baseline to the last visit was only
significant for those patients with GDD/ID. There was
a continual faith that intellectual deterioration was a
definite outcome of poor seizure control.l'” Historically,
seizure frequency or severity was examined for
association with the changes in intellectual performance.
Some of the studies showed no relationship between
seizure frequency and intellectual performance.*"!In
contrast, others studies correlated the improvement
in the intellectual performance with the improvement
in seizure control.'*'1 Nevertheless, the discrepancy
between these different studies can be related to the
heterogeneity of the investigated sample, such as
children versus adults, and the different methods of
intellectual assessment. Similarly, recent studies proved
that changes in seizure frequency is a variable that chiefly
influences changes in intellectual performance.!>' In
the pediatric population, the parents’ clinical report
of seizure frequency was found to be more accurate
for children with developmental delay.'”! This may be
rationalized by parents’ attention and awareness to
closely observe their children for the current neurological
delay. Hence, the considerable reduction in the last visit
seizure frequency for GDD/ID patients can be attributed
to the accurateness of parents’ clinical reporting and their
good level of adherence to the AED therapy.

Although no significant difference was seen in seizure
frequency between those with focal and generalized
seizures, patients with generalized seizures tended to
be more challenging to be treated compared with those
with focal seizures. This was emphasised by auditing the
changes in the seizure frequency between the baseline
and the last visit assessment for each of the seizure types
separately. Thus, the reduction in the seizure frequency
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between the two occasions was only significant for
those patients with focal seizures. One hundred and
twenty pediatric epileptic patients were followed-up
in a prospective, long-term population-based study.[*
The study showed that the overall occurrence or not
of seizure clusters prior to and during AEDs treatment
was not significantly associated with seizure type
(focal and generalized) or etiology (symptomatic,
cryptogenic, idiopathic). Moreover, seizure frequency
showed no significant difference between the lower and
the upper phenytoin concentrations in patients with
partial seizures.! In contrast, the same study showed
an important association between seizure frequency
and serum phenytoin concentration in patients with
generalized seizures. This association between seizure
frequency and type of seizures should be investigated in
more organized and systematic studies. The two previous
studies might not be comparable with the present study;
they included different populations of patients in terms
of epilepsy type (etiology) and patients’ age.

In the current study, patients with less-frequent seizure
attacks were managed by monotherapy, while those
who had a high frequency of seizure attacks (usually
more difficult to control) were managed by polytherapy.
These observational findings were consistent with the
Consensus Guidelines on the Management of Epilepsy.*!
However, this was opposed by findings of a previous
study conducted at the same clinic.*’!

Starting from the earlier studies, a prospective
controlled trial recruited 35 patients with a mean seizure
frequency of 15 attacks per month.*I All the studied
patients were on multidrug therapy with AEDs. Results
revealed that a reduction in the number of AEDs used
led to a considerable improvement in seizure control
in more than half of the patients. Although another
prospective cohort study showed that a reduction
in polypharmacy improved the mental function in
epileptic patients, it was more difficult to decrease the
number of prescribed AEDs than to avoid AEDs in
the initial situation. Occasionally, polypharmacy may
worsen the seizure control.™ Findings from the recent
publications!?*?”) were comparable with earlier studies.
Moreover, pediatric patients with intractable epilepsy
were reviewed in a neurology clinic from July 1 2004
to December 31 2007.% The study concluded that the
addition of a second AED resulted in the reduction of
seizure frequency, but this was much less possible with
the addition of a third AED.

A low rate of DARR was seen in the present study. This
indicates the high level of knowledge and awareness
for the in-charge pediatric neurologist regarding the

consequence of exceeding the average effective dose.
However, the pediatric neurologist showed a clear
tendency to increase the dose and the number of AEDs
when there is poor seizure control.

Recently, the average or recommended effective dose of
AEDs was sufficient in attaining seizure control in 70-80%
of the patients. Accordingly, for merely about 20-30% of
the patients who did not respond to the recommended
effective dose, an incremental change in dose may
perhaps be helpful. If seizure control cannot be attained
at DARR, the reduction to the earlier recommended
dose is suggested.””*! Consequently, both DARR and
adverse events had a tendency to be associated with high
seizure frequency. The pediatric neurologist intended
to increase the dose in those refractory patients, but this
increase resulted in more adverse events. Even if having
a seizure-free patient is the fundamental objective of the
AED therapy, it does not have to be considered at all
costs, and no child with epilepsy should suffer from the
adverse events of antiepileptic medications more than
from the consequences of the underlying illness.

Among children with structural-metabolic epilepsy,
Malays, females, patients less than 4 years of age,
patients with GDD/ID and patients manifested with focal
seizure are more responsive to AED therapy than other
subgroups of patients.
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