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ABSTRACT

Background: Cerebral palsy (CP) is characterized by abnormal muscle tone, ‘posture, and movement’, thereby limiting
the activity of the affected person. Epilepsy is said to occur in 15-90% of children with CP. The aim of this study was
to evaluate the events of children responsible for the development of epilepsy considering natal, postnatal characteristics
and associated impairment in patients with CP.

Methods: This was a case-control study and was conducted in the Department of Pediatric Neurology at the National
Institute of Neurosciences and Hospital, Dhaka, Bangladesh during the period from January 2020 to December 2020.
In total 150 children with cerebral palsy were enrolled in this study who were divided into two groups. In the ‘CP with
epilepsy’ group, there were 50 patients, and in the CP without epilepsy group taken as a case group, there were 100
age-sex matched CP patients without epilepsy patients were taken as a control group. Informed written consent was
taken from all the parents. Along with baseline characteristics, data regarding natal, postnatal events, general clinical
findings, psychological assessment, computed tomography (CT) scan findings of the head, and electroencephalogram
(EEG) findings in epilepsy cases were recorded in a predesigned questionnaire and analyzed.

Results: In distributing the CP patients’ comparison regarding postnatal complications neonatal seizures were a strong
predictor for epilepsy (p<0.001). 1%t seizure during 1% year of life and family history of epilepsy was also a significant
event of epilepsy (p<0.001). In the case of microcephaly, no significant difference was observed between groups
(p=0.278). A significant difference was observed when the distribution of severity of intellectual disability of CP
patients was compared between groups (p<0.001). Abnormal CT scan findings of the head were significantly higher in
CP with epilepsy 42 (84.0%) than in CP without epilepsy 46 (46.0%) (p<0.001). The total mean age at the onset of
epilepsy was 13.58+14.47 months. Epilepsy was most common in spastic quadriplegic CP (54%). 38.0% had focal
epileptiform activity on EEG. Clinically focal epilepsy was found in 36.0% of cases.

Conclusions: This study demonstrates the presence of a history of neonatal seizure, 1% seizure during 1% year of life, a
family history of epilepsy, CT scan abnormalities, severe intellectual disability, and spastic quadriplegic CP were the
events responsible for the development of epilepsy in children with CP.
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INTRODUCTION the development of movement and posture, causing

activity limitations that are attributed to non-progressive
Cerebral palsy (CP) is a common physical disability in disturbances that occur in the developing fetal or infant
childhood.! It describes a group of permanent disorders of brain. Different kinds of maternal antenatal, prenatal,

natal, and postnatal causes are responsible for the
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development of cerebral palsy. In Nigeria, a hospital-based
study was done where they reported that birth asphyxia,
bilirubin encephalopathy, and post-infectious brain
damage were the main causes of CP.2 The fact that the
pattern of association of these maternal and fetal factors
with epilepsy, mental deficiency, and behavior disorders
of childhood was similar to that found concerning CP
indicated that those conditions should be included in the
postulated continuum.® The clinical circumstances that led
to each maternal admission and ultimately to each preterm
delivery were operationally defined by using both data
from the maternal interview and data abstracted from the
medical record.* Problems in brain function that occur
during fetal brain development or within the first two years
of life are the causes of these movement disorders.® It can
result in spasticity, dystonia, muscle contractures,
weakness, and difficulty in coordination which ultimately
affects the ability to control movements.® Impairment of
vision, hearing, sensation, perception, cognition,
communication, and behaviour, epilepsy often
accompanies CP.” The occurrence of cerebral palsy is
approximately 2 per 1000 live births. Globally, an
estimated 17 million people are living with CP.2 The
prevalence of CP is 3.4 per 1000 children in rural
Bangladesh. There are an estimated 2, 33,514 children
with CP in Bangladesh.*¥ For these reasons, in recent
years, many studies investigated the prevalence,
characteristics, and prognosis of epilepsy in patients with
CP but few studies investigated the risk factors considering
prenatal, perinatal, and natal history for the development
of epilepsy in these patients.!* The most commonly
reported risk factor for later epilepsy was found to be a
history of neonatal seizures.’ However additional data
regarding birth history parameters that could increase the
risk for the development of epilepsy in these children were
less consistent.™®

Aim of the study

The aim of this study was to evaluate the events of children
responsible for the development of epilepsy considering
natal, postnatal characteristics and associated impairment
in patients with CP.

METHODS

This prospective observational case-control study was
conducted in the Department of Pediatric Neurology,
National Institute of Neurosciences and Hospital, Dhaka,
Bangladesh during the period from January 2020 to
December 2020. In total 150 children with a diagnosis of
CP were enrolled in this study as study subjects. The study
was approved by the ethical committee of the mentioned
hospital. Proper written consent was taken from their
parents before data collection. As per the inclusion criteria
of this study, patients with cerebral palsy with epilepsy
between the ages of 18 months to 12 years were included.
On the other hand, according to the exclusion criteria of
this study, patients with nonspecific motor delay,
provoked seizure, suspected cases of neurometabolic

disease and neurodegenerative disorder were excluded. All
the demographic and clinical data of the participants were
recorded. A predesigned questionnaire was used in data
collection. Every morning first case of CP with epilepsy
was enrolled as a case group. Age (x2 months) and sex-
matched next two cases of CP without epilepsy were
enrolled as the control group sequentially. Diagnosis of
epilepsy was based on history from a reliable eyewitness
or video documentation if available and EEG was done in
selected cases. All the diagnoses were made by the
pediatric neurologist(s) based on the study definition. The
children’s intelligence was evaluated based on age-
appropriate psychometric tests by psychologist. The
standardized, Reynell-Zinkin developmental scale (RZS)
was applied to evaluate cognitive development in non-
verbal with visually impaired children aged 5 years and
below.* Wechsler preschool and primary scale of
intelligence 111 (WPPSI-III) junior intelligence was
designed for children ages 2 years 6 months to 2 years 11
months and senior for children ages 4 years to 7 years 7
months.’™> Wechsler intelligence scale for children-1V
(WISC-1V) was used to assess the intelligence quotient
(1Q) for children above 6 years of age.'® Children with a
total intelligence score (I1Q) level <70 were diagnosed as
intellectual disability. Children with an intelligence score
of <35 were diagnosed as having a severe intellectual
disability, 49-35 were diagnosed as moderate intellectual
disability, and 69-50 were diagnosed as mild intellectual
disability.'” CT scan of the head was done at the
neuroradiology department of the National Institute of
Neurosciences and Hospital (NINS&H) by Hitachi Eclos
(Japan) with 16-mm axial slices, skilled professionals and
expert opinions were taken from neuroradiologists and
carefully reviewed by the pediatric neurologist. All data
were processed, analyzed and disseminated by using
Microsoft excel and statistical package for the social
sciences (SPSS) version 23 program as per necessity.

RESULTS

In this study, the mean+SD age of the patients of ‘CP with
epilepsy’ and ‘CP without epilepsy’ were 48.7+30.3 and
49.0+£30.5 months respectively. In those groups male
babies were 62% and 59% respectively (Table 1). In the
CP with epilepsy group, among three-fourths of the cases
(72%) gestational age was found at 38-41 weeks which age
range was found in another group among 56% of cases. In
both groups, normal vaginal delivery was performed in the
majority of the cases (58% and 53% respectively). In the
majority of the cases in CP with epilepsy group, the
delivery place was a home, but in another group, it was a
hospital. In both the groups, among the majority of the
cases, the birth weight range was found 2500-4000 g. As
the complication during labour, in CP with epilepsy group,
prolonged labour was found in 30% of cases and
obstructed labour was found in 34% of cases. On the other
hand, those complications were found in 27% and 23% of
cases respectively in the CP without epilepsy group. As the
postnatal complication perinatal asphyxia was found in the
majority of the cases in both groups but neonatal seizure
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was significantly higher in CP with epilepsy 24 (48.0%)
than CP without epilepsy 12 (12.0%) (p<0.001) when
compared between two groups (Table 2). First seizure
during 1st year of life was observed significantly higher in
CP with epilepsy 35 (70%) than CP without epilepsy 23
(23%) (p<0.001). Family history of epilepsy in CP with
epilepsy 10 (20.0%) and CP without epilepsy 2 (2.0%),
their differences were statistically significant (p<0.001).
Microcephaly was found in CP with epilepsy 44 (88.0%)
and CP without epilepsy 81 (81.0%) but no significant
difference was observed between groups (p=0.278). A
significant difference was observed when the distribution
of severity of intellectual disability of CP patients was
compared between groups (p<0.001). Severe disability
was higher in CP with epilepsy 30 (60.0%) and moderate
disability was higher in CP without epilepsy 51 (51.0%).
The distribution of types of CP patients was significantly
different when compared between groups (p<0.001).
Spastic quadriplegia was higher in CP with epilepsy 27
(54.0%) and spastic diplegia was higher in CP without
epilepsy 36 (36.0%) (Table 3). In distributing the CP
patients according to CT scan findings of the head, we
found, abnormal findings, non-specific cerebral atrophy,
and encephalomalacia as some more frequent findings in
both the groups and also found a significant correlation
between the groups (p<0.001) (Table 4). In this study
distribution of CP patients with epilepsy by EEG findings,
it was found that 28 patients (56.0%) had focal origin
(focal epileptiform activity 38.0%, multifocal epileptiform
activity 14.0%, focal epileptiform activity with secondary
generalization 4.0%), 9 patients (18.0%) had epileptic
encephalopathy and 2 patients (4.0%) had generalized
epileptiform activity (Table 5). In this study, 28 patients
(56.0%) had age at onset of epileptic seizure less than 12
months (Figure 1). Clinically focal epilepsy was found in
18 patients (36.0%), generalized epilepsy in 16 patients
(32.0%), unknown epilepsy in 2 patients (4.0%), and
syndromic epilepsy in 14 patients (28.0%) (Figure 2).

Focal epilepsy is more common in spastic hemiplegic CP.
Generalized and syndromic epilepsy is a more common
spastic quadriplegic CP (Table 6). The mean age at onset
of epilepsy was 8.30+3.34 months. The onset of epileptic
seizure was earlier in spastic quadriplegic patients and
later in spastic hemiplegic patients (Figure 3).

8% 0%

m >12 months

m 12 months-24
months

25 months-72
months

Figure 1: Distribution of patients according to age at
onset of epileptic seizure (n=50).

Table 1: Distribution of the CP patients according to
basic demographic characteristics (n=150).

CPwith  CPwithout |
| Characteristics _epileps epileps

| (n=50) (n=100) |
Age (months)
<24 8 (16.0) 12 (12.0)
24-48 18 (36.0) 42 (42.0) R
48-72 9 (18.0) 18 (18.0) '
72-144 15 (30.0) 28 (28.0)
Mean+SD 48.7£30.3  49.0+30.5 0.958
Sex
Male 31(62.0) 59 (59.0) .
Female 19 (38.0) 41 (41.0) '

Table 2: Distribution of the CP patients according to natal events and postnatal complication (n=150).

CP with epileps

Parameters

~ CP without epileps

(n=50) (%)

(n=100) (%)

Type of natal events

Gestational age (weeks)

<37 (preterm) 11 (22.0) 40 (40.0)
38-41 (term) 36 (72.0) 56 (56.0) 0.088
>42 (post term) 3 (6.0) 4 (4.0)
Mode of delivery
NVD 29 (58.0) 53 (53.0) 0.204
LUCS 21 (42.0) 47 (47.0) '
Place of delivery
Home 26 (52.0) 40 (40.0) 0.064
Hospital 24 (48.0) 60 (60.0) '
Birth weight (g)
VLBW (<1500) 2 (4.0) 6 (6.0)
LBW (1500-2499) 9 (18.0) 34 (34.0) 017
NBW (2500-4000) 36 (72.0) 54 (54.0) '
Macrosomia (>4000) 3 (6.0) 6 (6.0)

Continued.
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CP with epilepsy CP without epilepsy
(n=50) (%) (n=100) (%)

Parameters P value

Complication during labour

Prolonged labour 15 (30.0) 27 (27.0) 0.216
Obstructed labour 17 (34.0) 23 (23.0) '
History of postnatal complication

Perinatal asphyxia 44 (88.0) 86 (86.0) 0.734
Neonatal seizure 24 (48.0) 12 (12.0) <0.001
Neonatal jaundice 12 (24.0) 32 (32.0) 0.31

Table 3: Clinical features of CP patients with epilepsy and CP patients without epilepsy (n=150).

CP with epilepsy CP without epilepsy

P value

Clinical features

(n=50) (%) (n=100) (%)
1%t seizure during 1% year of life
Yes 35 (70.0) 23 (23.0)
No 15 (30.0) 77 (77.0) <0.001
Family history of epilepsy
Yes 10 (20.0) 2 (2.0)
No 40 (80.0) 98 (98.0) <0.001
OFC
Normal 6 (12.0) 19 (19.0) 0.278
Microcephaly 44 (88.0) 81 (81.0) '
Intelligence
Normal 1(2.0) 3(3.0)
Mild disability 7 (14.0) 29 (29.0) <0.001
Moderate disability 12 (24.0) 51 (51.0) '
Severe disability 30 (60.0) 17 (17.0)
Type of CP
Spastic hemiplegia 8 (16.0) 21 (21.0)
Spastic diplegia 6 (12.0) 36 (36.0)
Spastic quadriplegia 27 (54.0) 15 (15.0) <0.001
Dyskinetic 3 (6.0) 11 (11.0)
Mixed 6 (12.0) 17 (17.0)

Table 4: Distribution of the CP patients according to CT scan findings of head (n=150).

CP with epilepsy
(n=50) (%)

CP without epilepsy
(n=100) (%)

CT scan of the head P value

Abnormal findings 42 (84.0) 46 (46.0)

Non-specific cerebral atrophy 14 (28.0) 13 (13.0)

Encephalomalacia 10 (20.0) 09 (9.0)

Hydrocephalus 4 (8.0) 7 (7.0)

Calcification 0 (0.0) 1(1.0) <0.001
Infarction 5 (10.0) 8 (8.0)

Cystic lesion 3 (6.0) 4 (4.0)

Cerebral malformation 2 (4.0) 2 (2.0)

Periventricular hypodensity 4 (8.0) 2 (2.0)

Table 5: EEG findings of CP patients with epilepsy (n=50).

EEG findings Frequency (N) Percentage (%) |
Normal findings 4 8
Generalized epileptiform activity 2 4
Focal origin
Focal epileptiform activity 19 38
Continued.
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EEG findings _

Multifocal epileptiform activity 7 14
Focal epileptiform activity with secondary generation 2 4
Epileptic encephalopathy 9 18
Hypoarrythmia 4 8
Burst suppression 2 4
Electrical status epilepticus 1 2

Table 6: Epilepsy type (clinical) in different types of cerebral palsy (n=50).

Dyskinetic Mixed

Clinical epilepsy type

Hemiplegia Diplegia Quadriplegia | (%) (%)

Focal 7 (87.5) 1(16.7) 6 (22.2) 2 (66.7) 2 (33.3)
Generalized 0 (0.0) 5 (83.3) 7 (25.9) 1(33.3) 3 (50.0)
Unknown 0 (0.0 0 (0.0 2(7.4) 0 (0.0) 0 (0.0)
Combined generalized and focal 0 (0.0) 0 (0.0 0 (0.0) 0 (0.0) 0 (0.0)
West syndrome 0 (0.0) 0 (0.0) 8 (29.6) 0(0.0) 1(6.7)
Lennox Gastaut syndrome 1(12.5) 0 (0.0) 4 (14.8) 0 (0.0) 1(16.7)
40% cerebral palsy who were male. Male cases were more, 31

(62.0%) in CP with epilepsy and 59 (59.0%) in CP without
30% epilepsy. There was no significant difference in terms of

age and sex between CP patients with epilepsy and CP
patients without epilepsy. Karatoprak et al also did not find

20% 36% 32% [ any relation between age and risk for epilepsy
28% development.®® The results from various studies

10% I determining the relation between gestational age, mode of
4% delivery, place of delivery, birth weight, complication

0% . . — - during labour, and epilepsy development in CP patients

Focal  Generalized Unknown Syndrome were conflicting. Mert et al found that both prematurity
and low birth weight were not related to epilepsy
development.?® Kulak et al did not find any relation
between gestational age and the risk of epilepsy
development.?! However, they determined an increased
risk of epilepsy in patients with low birth weight. On the

3 other hand, Zelnik et al demonstrated that epilepsy was

Figure 2: Clinical epilepsy type of CP patients (n=50).

35
30 -

gg more frequent in term infants than in premature infants
15 - B whereas they found no relation between birth weight,

mode of delivery, and risk of epilepsy development.?
Gruraj et al also reported that term delivery had an
increased association with epilepsy development.*? Sellier

10 - 1
5 .-
0_

hseprﬁ?til‘; Spastic Suzzsrtiicl Dyskine| v+ | Toal et al determined the association betv_veen epilepsy
giap diplegia qegiap tic development and term and >2500 g infants in 17 European
. 23 - : ;
[Series1| 3188 | 1783 | 83 13 5 1358 registers.>® Karatoprak et al did not find any relation

between these labour problems and the risk for epilepsy
development.®® In our study regarding the gestational age,
mode of delivery, place of delivery, birth weight, and
complication during labour, when compared we also did
not find any significant difference between groups
(p=0.088, 0.204, 0.064, 0.170, 0.216). As per the analysis
of postnatal events, previous studies reported that a history
of neonatal seizure in patients with cerebral palsy is a risk
factor for epilepsy development.?! Bruck et al reported that
30 out of 62 (48.4%) children with a history of neonatal

Figure 3: Mean age (in months) at onset of epileptic
seizure in children with different types of cerebral
palsy (n=50).

DISCUSSION

Children aged between 18 months to 12 years were
included in our study and the age range between two to less

than four years was commonest in both CP with epilepsy
group 18 (36.0%) and CP without epilepsy group 42
(42.0%). In this study 90 patients (60%) were male. A
similar observation was found by Singhi et al.'® In their
study, they found 65 patients (62%) out of 105 with

seizure subsequently developed epilepsy.?* Similar to the
literature, in our study during the analysis of postnatal
events neonatal seizure was significantly higher in CP with
epilepsy 24 out of 50 (48.0%) than CP without epilepsy
(12.0%) (p<0.001). In contrast to our finding Kulak et al
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and Kwong et al noted neonatal seizure in 17% and 19%
of children with CP and epilepsy respectively.?*?* In our
study, 1st seizures during 1st year of life were significantly
higher in CP with epilepsy 35 (70%) than in CP without
epilepsy 23 (23%) (p<0.001) which following Zafeiriou et
al they found that first seizures occurred during the first
year of life in 69.7%.% In our study, a family history of
epilepsy was significantly higher in CP with epilepsy 10
(20.0%) than CP without epilepsy 2 (2.0%) (p<0.001).
Kulak et al and Bruck et al found 10.9%, and 29% of
epileptic children with cerebral palsy had a family history
of epilepsy.?? In the current study, we did not find an
association between microcephaly and risk for epilepsy
development between groups (p=0.278). Zelnik et al also
found that the ratio of microcephaly did not differ among
the CP with epilepsy and CP without epilepsy patients.?
We demonstrated a higher proportion of CT abnormalities
in children with CP with epilepsy in 42 patients (84.0%)
compared with the CP without epilepsy in 49 patients
(49.0%) and their differences were statistically significant
(p<0.001). Kulak et al also found CT abnormalities in CP
with epilepsy was 68 patients (82.9%) compared with the
CP without epilepsy in 56 patients (48.2%).2° Regarding
the abnormal findings, cerebral atrophy was most often
associated with epileptics, a finding consistent with data
found in the literature.>?%22 In the present study, we found
that severe intellectual disability was significantly higher
in CP with epilepsy in 30 patients (60.0%) than in CP
without epilepsy in 17 patients (17.0%) (p<0.001).
Karatoprak et al also found severe intellectual disability in
CP with epilepsy (46%) and CP without epilepsy (12.0%)
respectively.!® In contrast to our study El-Tallawy et al
observed no relationship between total 1Q and epilepsy
development in children with epilepsy than in those
without epilepsy (84.6% versus 66.7%).'* In this current
study, the distribution of types of CP patients was
significantly different when compared between groups
(p<0.001). Spastic quadriplegia was higher in CP with
epilepsy 27 (54.0%) and Spastic diplegia was higher in CP
without epilepsy 36 (36.0%). Karatoprak et al also found
in CP with epilepsy spastic quadriplegia was 66.1% and in
CP without epilepsy spastic diplegia was 40.6%.° In
contrast, Singhi et al reported that the rate of epilepsy was
the highest in spastic hemiplegic patients (65.9%).2” In our
study, it was found that 28 patients (56.0%) had age at
onset of epileptic seizure less than 12 months. Zaferiou et
al also found that 69% of patients with CP had their first
epileptic attack before they were a year old.?® This
indicates the severity of the underlying brain injury. In our
study, we found the mean age of onset of epilepsy was
31.88+28.27 months in spastic hemiplegia patients,
17.83+£11.03 months in spastic diplegia patients, and
8.30+£3.34 months in spastic quadriplegia patients
respectively. Similar to our study Carlsson et al reported
that the mean age of epilepsy onset was 2.5 years in
hemiplegic cerebral palsy, 12 months in diplegic cerebral
palsy, and 6 months in quadriplegic cerebral palsy.? In this
current study, we found that the total mean age at onset of
epilepsy was 13.58+14.47 months. These findings were
consistent with the previous study by Bruck et al they

found the average age at onset of epilepsy was 12.59
months.?* In contrast to our study, Delgado et al found
mean age at the onset of epilepsy is 2.5 years (range, 1
month to 11 years).?® EEG is essential in the work-up of
children with CP and suspected seizures. It can lend
support to the diagnosis of epilepsy and assist in
seizure/epilepsy classification to better guide the choice of
antiseizure drugs. In our study regarding EEG findings, we
found epilepsy of focal origin was more common in 28
patients (54.0%) in CP patients with epilepsy. Similar to
our study focal epileptiform activity was the common EEG
findings observed by Senbil et al (48.39%).% In contrast to
our study, generalized epileptiform abnormality was
detected in a large proportion of patients with cerebral
palsy and epilepsy 50 patients (41.4%) by Hanci et al.3* In
our study clinical focal epilepsy (18 patients 36.0%) was
more common in CP. Similarly, focal epilepsy was more
commonly observed by Gururaj et al (39.3%), Kwong et al
(37.5%), Aksu et al (93.1%), Delgado et al (71%), in CP
with  epilepsy.?14?532 |n  contrast to our study,
Hadjipanayis et al reported generalized epilepsy (36.8%)
followed by focal epilepsy (33%) in cerebral palsy with
epilepsy.® Classification of the type of epilepsy is difficult
in children with CP for the following reasons. First, partial
seizure onset that rapidly becomes generalized may not be
witnessed or reported reliably. Second, impairment of
consciousness during an episode may be impossible to
clarify in patients with multiple handicaps. Third, the
differentiation between myoclonic, tonic, and atonic
seizures occasionally could be extremely difficult without
ictal EEG or video EEG.

In this current study we found focal epilepsy was more
common in the hemiplegic variety of CP and epilepsy was
less common in dyskinetic CP. Other studies have found a
similar high incidence of focal epilepsy in this variety of
CP ranging from 69 to 73%.34 In the dyskinetic type of CP,
epilepsy is believed to be uncommon.®

Limitations

This was a single-centered study with small-sized samples.
Moreover, the study was conducted in a tertiary care
hospital or referral center. Although they came from
different tiers of society and districts of Bangladesh, they
were not representative of all children with CP in this
country.

CONCLUSION

This study demonstrates the presence of a history of
neonatal seizure, 1% seizure during 1% year of life, family
history of epilepsy, CT scan abnormalities, severe
intellectual disability, and spastic quadriplegic CP were
the events responsible for the development of epilepsy in
children with cerebral palsy. To get more specific results,
we would like to recommend conducting similar studies in
several places with larger-sized samples.
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