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Abstract

Objectives 
We aimed to investigate the risk factors predicting the development 
of intractable epilepsy in children with cerebral palsy (CP), with an 
emphasis on perinatal characteristics, seizure semiology, imaging, 
and EEG findings.

Materials & Methods
Following a descriptive, retrospective, case-control design, 106 
children with CP and epilepsy from 2015 to 2020 were studied 
(46 children with CP and intractable epilepsy and 60 with CP and 
controlled epilepsy). Data were retrieved from medical records of 
participants (i.e., demographics, clinical characteristics, perinatal 
history, etiology of seizure and CP, seizure semiology, intellectual 
functions, therapeutic options, brain imaging, and EEG findings).

Results
We established a model of the most important risk factors that can 
predict intractable epilepsy in children with CP. The model included 
the additive effect of a poor Apgar score at 5 minutes, the presence 
of neonatal seizures, focal epilepsy, and focal slowing on the EEG 
background (Area under the receiver operating characteristic of 0.810). 

Conclusion
The findings can be used to identify intractable epilepsy in children 
who suffer from CP with further support by offering early therapeutic 
interventions intended to reduce the burden of refractory seizures.
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Introduction
Cerebral palsy (CP) is a group of permanent, non-
progressive disorders that affect muscle tone as well 
as movement or posture. It is caused by damages to 
the developing brain either before or during birth 
(1). Motor disorders of CP are often accompanied 
by epilepsy, disturbances of sensation, perception, 
communication, cognition, and behavior, as well 
as secondary musculoskeletal problems (2). 
It is well proved that epilepsy had a higher 
association with cerebral palsy; 15–60% of children 
with CP have been reported to be epileptics. The 
type of epilepsy among children with CP varies 
according to the type of CP (3). Previous studies not 
only had demonstrated the clinical characteristics 
and epidemiology of epilepsy in children with 
different types of CP (4, 5, 6), but also described 
its features, course, and outcomes, as well as 
consequences of refractory seizures (6). In some 
instances, refractory seizures are more problematic 
than the musculoskeletal complications of CP. 
The risk factors for the development of epilepsy 
later in life were commonly related to earlier 
onset of seizure and history of neonatal seizures 
(7). However, data related to birth conditions 
contribute to a lesser extent to the development of 
epilepsy in these patients (8). We aimed to explore 
the predictive factors that increase the risk of 
development of drug-resistant epilepsy in children 
with CP

Materials & Methods
This descriptive, retrospective, case-control study 
was conducted on 106 children with CP and 
epilepsy (58 boys and 48 girls). The youngest and 
oldest participants were 3 months and 14 years 
old, respectively. Participants were selected among 
those referred to the pediatric neurology outpatient 
clinic of Al Hada, Taif military hospitals, Saudi 
Arabia, and Benha university hospital, Benha, 
Egypt, from 2015 to 2020. The study is approved 
by the institutional review board of the faculty of 
medicine of Taif University.
The exclusion criteria were:

1. Children with CP who did not develop seizures;
2.  Having neurodegenerative brain disease;
3. Inborn errors of metabolism;
4. Children with CP who had a history of isolated 

febrile seizures;
5. Children with CP who had a history of isolated 

neonatal seizures with no seizures beyond the 
neonatal period.

6. History of acute symptomatic seizures, defined as 
seizures at the time or proximity to a systemic or 
neurologic insult.

CP was defined as non-progressive encephalopathy 
that manifests as motor and postural disabilities. 
Epilepsy was defined as at least two unprovoked 
seizures with more than 24hr apart in the absence 
of acute insult.
Following the International Classification of 
Epilepsies and Seizure disorders, epilepsies were 
classified for all participants (9). A pediatric 
neurologist examined all children in order to 
approve their EEG. Brain imaging examinations 
were evaluated by a pediatric neurologist and 
neuroradiologist. Data on age, gender, age of onset 
of seizures, prenatal and perinatal history including 
gestational age, weight at birth, head circumference, 
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Apgar scores at 1, 5, and 10 minutes, need for active 
resuscitation at the time of birth, and the history 
suggestive of hypoxic-ischemic encephalopathy, 
presence of neonatal seizures, history of epileptics, 
which was defined as a continuous seizure activity 
more than 30 minutes or recurrent attacks of 
seizures without regaining the conscious level in 
between (10), family history of epilepsy, history of 
delayed developmental milestones, EEG and brain 
imaging (brain CT/MRI), type, dose, and duration 
of antiepileptic drugs (AEDs), the response of 
seizure, refractory seizure, and any alternative 
management of seizures including ketogenic diet; 
vagal nerve stimulation; and epilepsy surgery, were 
retrieved from medical records of participants. 
Controlled epilepsy was defined as experiencing 
no seizure for more than 12 months, while drug-
resistant epilepsy was defined as persistent seizures 
despite the proper use of at least two AEDs (proper 
selection- -optimum serum drug level, and good 
compliance)(11). Also, data related to CP included 
the type of CP, underlying cause, and growth motor 
function classification system (GMFCS) score.
Assessment of intelligent quotient (IQ) was done 
using neuropsychological tests. Mental retardation 
was defined as IQ < 70. Children with IQ < 35 
were defined as severe mental retardation, 49–35 
was considered as moderate mental retardation, 
and 69–50 was defined as mild mental retardation 
(12).

Results
A total of 250 children with CP were recruited in 
the present study, of whom 130 were also suffering 
from epilepsy. Fourteen children were excluded 
from our study (2 had a neurodegenerative brain 
disease, one was suffering from an inborn error 
of metabolism, 3 had acute symptomatic seizures, 

4 had isolated febrile seizures, and 4 had isolated 
neonatal seizures. As a result, data of 106 children 
with CP and epilepsy were analyzed.
Prematurity was found in 23% of participants. The 
most common type of CP was spastic quadriplegia 
(31.1%), followed by spastic hemiplegia (28.3%) 
and spastic diplegia (16.9%). However, spastic 
triplegia and extrapyramidal were reported in 
11.3% and 7.5% of participants, respectively. Only 
4.7% showed ataxic CP.
The most common cause of CP was prematurity 
(23%), followed by intracranial hemorrhage 
(20.7%) and cerebral infarction (15%). However, 
hypoxic-ischemic encephalopathy and central 
nervous system (CNS) infections were found in 
13.3% and 11.3% of participants, respectively. About 
10% of patients showed cerebral malformations, 
while 7.5% showed trauma as underlying etiology 
(Table 1). Generalized seizures, focal seizure, and 
focal onset seizure with secondary generalization 
were found in 41 (38.6.3%), 29 (27.3%), and 36 
(33.9%) of participants, respectively. The age of 
onset of seizure was 6-40 months with a median of 
19 months. The majority of cases were reported in 
the 1st year of life; (56.6% or n=60) cases. However, 
2.8% (n=3) cases were diagnosed after the age 
of 10 years. Ninety-four cases (88.6 %) showed 
abnormalities in their EEG records. We found EEG 
abnormalities in the form of generalized (43 cases 
(40.5%)), focal (34 cases (32%)), and multifocal 
(12 cases (11.3%)) epileptogenic activities.
A specific EEG pattern was found in 4.7% (n=5) 
cases in the form of Hypsarrhythmia. However, 
abnormalities in EEG background included 
generalized slowing and focal slow rhythms in 
37.7% (n=40) and 19.8% (n=21) participants, 
respectively. In addition, in the present study, 
intractable epilepsy was found in 43.3% (n=46) 
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cases. The most common etiological factor 
responsible for focal-onset intractable epilepsy 
was intracranial Hemorrhage (22%), followed by 
cerebral infarction (19.5%) and CNS infection 
(13%). Nevertheless, brain malformation and 
trauma accounted for 8.7% and 4.3% of cases, 
respectively. The causes of CP leading to focal 
slowing on the EEG background in children 
with CP and intractable epilepsy were more or 
less similar, which included cerebral infarction 
(11%), intracranial bleeding (9%), CNS infection 
(4%), and, to a lesser extent, brain malformation 
(3%), and brain trauma (3%). Furthermore, 
we evaluated other variables that are reported 
as a probable consequence rather than a cause 
of intractable epilepsy. The following factors 
presented a significant association with intractable 
epilepsy: intellectual impairment (P =0.04), need 
for special education (P =0.02), a larger number 
of failed therapeutic trials (P =0.02), need for a 
ketogenic diet (P=0.001), history of undergone 
vagal nerve stimulation (P=0.03), and referral to 
epilepsy surgery (P=0.04). However, there was 
no significant association between the number of 
current AEDs and intractable epilepsy (P=0.43) 
(Table 1).
Comparison of intractable epilepsy and 
controlled epilepsy in terms of association with 
independent risk factors
Intractable epilepsy in children with CP was 
significantly associated with a low Apgar score 
(0-4) at 1 (P=0.03) and at 5 (P<0.0009) minutes 
as well as the need for active resuscitation at birth 
(P=0.02), Also, significant risk factors included 
younger age at the onset of the seizure (P=0.02), 
history of neonatal seizure (P=.003), history 
of status epilepticus as the initial presentation 
(P=0.04), focal-onset epilepsy (P < .001), and 

focal slowing on EEG record (Table 1). However, 
according to the findings, gender, prematurity, 
gestational age, body weight at birth, HIE, type CP, 
GMFCS score, etiology of CP, presence of a gross 
brain malformation, periventricular leukomalacia, 
IVH, microcephaly, type of epileptiform discharge, 
and positive family history of epilepsy did not 
show any significant changes between intractable 
epilepsy and controlled epilepsy (Table 1).
Multivariate analysis of Predictors of intractable 
epilepsy:
A low Apgar score (1-4) at 5 minutes was associated 
with increased risk of intractable epilepsy (by 3.17 
times) (95% CI 1.41 -8.34, P = 0.03), while neonatal 
seizure was associated with 3.36 times increase in 
the risk of developing the condition (95% CI 1.36 
-10.26, P =0 .02). However, for the focal onset 
Epilepsy and focal slowing in EEG background, 
the increase was equivalent to 3.43 (95% CI 1.81 
-7.37, P =0 .008) and 4.35 folds (95% CI 1.48-16.8, 
P =0 .004) (Table 2), respectively.
We estimated the area under the receiver operating 
characteristic curve (AUC) for each variable, with 
further analysis of different combinations of the 
most significant variables (Table 3). The additions 
of all variables resulted in an AUC of 0.785. 
However, the addition of the 4 variables (i.e. a poor 
Apgar score of 1-4 at 5 minutes, development of 
neonatal seizures, focal epilepsy, and focal slowing 
on EEG background) resulted in the best model for 
the prediction of intractable epilepsy in children 
with CP, by yielding an AUC of 0.810 (Table 3). 
The additive effect of the independent variables 
that were more common in the intractable epilepsy 
group was also evaluated (Table 4).



79

Risk Factors of Intractable Epilepsy in Children with Cerebral Palsy

Iran J Child Neurol. Autumn 2021 Vol. 15 No. 4

Table 1. Risk Factors for Intractable Epilepsy in Children with CP

Risk factor Epilepsy Total P-value

Intractable
(n =46)

Controlled
(n =60)

Sex 
Male

Female
28 (61)
18 (39)

33(55)
27(45)

61 (57.5)
45(42.5)

0.65

Perinatal history
Gestational age, wk.

<30 weeks
30-37 weeks

> 37
Birth weight, g(mean ± SD)

500-1000 g 
1000-1500 g 
1500 -2000 g 

 >2000 g
Apgar scores at minute 1

0-4
5-7
8-10

Apgar scores at minute 5
0-4
5-7
8-10

32.6 ± 4.9
13(28)
12(26)

21 (45.6)
2346 ± 950

12(26)
7(15)
5(11)
22(48)

20(43.5)
12(26)

14(30.5)

18(39)
8(18)
20(43)

33.2 ± 6.8
22(36.6)
16(26.6)
22(36.6)

1938 ± 1075
7(11.6)
11(18.4)
12(20)
30(50)

10(16.7)
18(30)

32(53.3)

7(11.6)
10(16.7)
43(72)

32.9 ± 5.4
35(33)

28(26.5)
43(40.5)

2250 ± 1395
19(17.9)
18(16.9)
17 (16)
52(49)

30(28.3)
30(28.3)
46(43.4)

25(23.5)
18(16.9)
63(59.4)

0.42
0.37
0.41
0.36
0.28
0.64
0.54
0.27
0.45

0.03
0.18
0.34

0.0009
0.12
0;03

Active resuscitation at birth
HIE

Interventricular haemorrhage
Periventricular leukomalacia

Microcephaly

22(48)
11(24)
14(30)
9(20)
12(26)

11(18.4)
8(13.4)
19(31.6)
12(20)

10(16.6)

33(31.1)
19(17.9)
33(31.1)
21(19.8)
22(20.7)

0.02
0.14
0.73
0.28
0.57

Epilepsy
Age at the onset of seizure; months 
(median (IQR)
History of neonatal seizures
Positive family history of epilepsy
Status epilepticus as initial 
presentation
Type of seizure
-Focal
-Generalized
-Focal with secondary 
generalization

14(2-42.5)

18(39.1)
4(8.7)
11(24)

22(48)
14(30)
10(22)

27(8-51.5)

7(12)
5(8)

7(11.6)

7(12)
27(45)
26(43)

19(6-40)

25(23.5)
9(8.4)
18(17)

29(27.3)
41(38.6)
36 (33.9)

0.02

003
0.15
0.04

0.0005
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Risk factor Epilepsy Total P-value

Intractable
(n =46)

Controlled
(n =60)

Intellectual impairment
Special education needs

36(78.2)
39(84.7)

26(43.3)
30(50)

0.04
0.02

Number of current medications
(mean ± SD)
Number of failed therapeutic trials 
(mean ± SD)
Ketogenic diet 
Vagus nerve stimulation
Referral for epilepsy surgery

3.2 ± 0.83

2.82±1.5

8(18)
3(6.6)
2(4.3)

1.6 ± 0.78

0.15 ± 0.43

0(0)
0(0)
0(0)

2.8±0.78

1.86±0.92

8(7.5)
3(2.8)
2(1.8)

0.43

0.02

0.001
0.03
0.04

Table 2. Multivariate Analysis of Risk Factors Predicting Intractable Epilepsy in Children with CP.

Clinical data OR (95% CI) P- value

Poor Apgar score at 5 minutes (1-4) 3.17(1.41 -8.34) 0.03

History of neonatal seizures 3.36(1.36 -10.26) 0 .02

Focal epilepsy 3.43(1.81 -7.37) 0 .008

Focal slowing on EEG  background 4.35(1.48-16.8) 0 .004)

Table 3. Area under the Receiver Operating Characteristic Curve (AUC) for different variables predicting intractable Epilepsy.

Risk model AUC – 1

Gestational age 0.515

Birth weight  0.532

 Poor Apgar score (1-4) at 1 min 0.785

Poor Apgar score (1-4) at 5 min* 0.625

Need of active resuscitation at birth 0.537

HIE 0.546

Microcephaly 0.573

Brain anomalies 0.572

Younger age of seizure onset* 0.628

Development of neonatal seizures 0.563

Status epilepticus as initial presentation 0.545
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Focal epilepsy* 0.627

Focal slowing of EEG background* 0.644

Combination of all variables 0.785

Combination of all the variables* 0.810

Table 4. Probabilities of Epilepsy Being intractable in Children with CP with Different Combinations of Predictive Variables.

Poor Apgar
score at
5 min

Neonatal
seizures

Focal
epilepsy

Focal
slowing

of EEG background

Number of
risk factors

present

Probability

Yes Yes Yes Yes 4 0.87

No No No No 0 0.04

Yes No No No 1 0.13

No Yes No No 1 0.16

No No Yes No 1 0.17

No No No Yes 1 0.18

Yes Yes No No 2 0.28

No No Yes Yes 2 0.32

Yes No Yes No 2 0.36

Yes No No Yes 2 0.40

No Yes No Yes 2 0.43

No Yes Yes No 2 0.47

Yes Yes Yes No 3 0.58

Yes Yes No Yes 3 0.64

Yes No Yes Yes 3 0.66

No Yes Yes Yes 3 0.74
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Discussion
In this retrospective study, we studied epileptic 
children with CP according to demographic 
data, clinical characteristics, perinatal history, 
neuroimaging features, and etiological factors 
to investigate the risk factors that can predict the 
development of intractable epilepsy.
Refractory seizure not only causes significant 
morbidity and mortality but also has a high 
psychosocial burden with many implications in 
children with CP (13). The present study aimed to 
investigate factors that can predict intractable 
epilepsy in children with CP. According to the 
findings, poor Apgar score at 5 minutes, neonatal 
seizures, focal epilepsy, and focal slowing of EEG 
background were more significant than other 
factors. Based on the effect of these independent 
factors, we established a prediction model. The 
accuracy of the model was validated by AUC, 
which expressed good discriminatory power. 
Further analysis showed that the probability of 
intractable epilepsy is high in cases that have all 
these variables together. However, the combinations 
of some of these variables did not necessarily yield 
a high probability of intractable epilepsy. In our 
study, the incidence of epilepsy and intractable 
seizures in children with CP were comparable to 
those reported by other authors (14, 15, 16, 17, 18). 
In the present study, we defined intractable epilepsy 
according to the ILAE commission consensus 
proposal: “failure of a therapeutic trial of two 
maximally tolerated, appropriately chosen and 
properly used AEDs”, contrary to other studies that 
used a time frame of seizure-free period or did not 
consider a time reference at all (11). A unique 
finding of the present study is the positive 
correlation between a poor Apgar score and 
intractable epilepsy in children with CP. It is known 

that prenatal and perinatal problems are the major 
causes of CP in children. However, sufficient 
evidence is not available about the effect of these 
factors on the development of intractable epilepsy. 
Hence, in the present study, we determined the 
detailed data of prenatal and postnatal problems. 
Few studies mentioned a positive association 
between birth conditions and prognosis of epilepsy 
in children with CP (19). However, a poor Apgar 
score is associated with an increased risk of 
developing epilepsy in the general population and 
for those who suffer from CP in particular (20, 21, 
22). Previous studies mentioned the relation 
between gestational age or birth weight and the 
development of epilepsy in children with CP. 
However, the results are conflicting. The 
association between gestational age and birth 
weight with intractable epilepsy was lacking in our 
study; however, there are studies that support our 
findings (18, 19). According to the findings, 
prematurity and low birth weight were not related 
to the risk of developing epilepsy (18). Kulak et al. 
found an increased risk of epilepsy in patients with 
low birth weight, but they did not reveal any 
association between gestational age and the risk of 
epilepsy development (23). Zelnik et al. reported 
that epilepsy was more prevalent in full-term 
infants than in preterm; meanwhile, they found no 
association between birth weight and increased 
risk of epilepsy development (6). In 17 European 
registers, some authors reported an association 
between epilepsy development and term and 
having a weight of ≥ 2500 g (15). Also, it has been 
reported that term delivery had a significant 
association with epilepsy development (24). These 
findings can be attributed to the fact that epilepsy 
usually stems from gray matter lesions, which are 
more prevalent in full-term babies, while white 
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matter lesions are more common in premature 
infants (25, 26). The increased risk of epilepsy in 
children with CP has been attributed to genetic and 
perinatal factors (4). Among the perinatal factors, 
brain anomalies, chromosomal defects, intrauterine 
infections, and neonatal HIE are the more obvious 
causes that may result in seizures. Brain imaging 
may provide a diagnostic clue to the timing and 
nature of the brain insult in these children (5). In 
our study, the type of CP or its etiology or the 
GMFCS score did not show a significant association 
with intractable epilepsy. Regarding the type of 
CP, some authors reported similar findings, while 
others found inconsistent results. The difference 
can be attributed to the applied methodologies (18, 
19). The frequency of epilepsy varies according to 
the CP subtype. According to the literature, epilepsy 
is particularly more common in patients with 
quadriplegic CP, while it is less common in children 
with dyskinetic or ataxic CP (4, 6, 24). The etiology 
of CP was classified according to the findings of 
brain imaging. It was found that children with 
evidence of CNS infection or brain anomalies in 
their brain imaging had a poor prognosis regarding 
seizure control compared to those with white 
matter injury or idiopathic causes (27). Despite the 
positive association between epilepsy in general 
and having a higher GMFCS score, our results 
showed an insignificant association between 
GMFCS score and intractable epilepsy. Contrary 
to our findings, Mert et al. reported an insignificant 
impact of GMFCS score on epilepsy prognosis 
(18, 19, 28). This can be attributed to the fact that 
GMFCS is a score that reflects motor system 
affection caused by white matter injury. Previously, 
it was reported that a history of neonatal seizures in 
children with CP is a risk factor for later epilepsy 
development (15, 18, 23, 24). Going with the 

current evidence of epilepsy in children with CP, 
we found that younger age at onset of the seizure, 
especially neonatal-onset seizure, was associated 
with intractable epilepsy (29,30). Therefore, we 
concluded that neonatal seizure, especially during 
the first 72 h, was a major risk factor for the 
prediction of later development of intractable 
epilepsy. The Collaborative Perinatal Project 
(NCPP) of the NIH reported a strong association 
between neonatal seizures and epilepsy (31). Some 
studies provided evidence that neonatal seizures 
can predict the future development of epilepsy in 
children with CP (32, 33). The history of neonatal 
seizures in children with CP is a risk factor for 
epilepsy development. Subsequently, the outcome 
for seizure control was negatively affected by this 
history, and patients with a history of neonatal 
seizures are at increased risk of intractable epilepsy 
prognosis compared to those without such a history 
(18). In our study, most children with CP had 
generalized seizures, as reported in previous 
studies (17, 18, 23, 24, 34). This can be attributed 
to the high number of children who suffered from 
spastic quadriplegic CP with diffuse brain injury in 
our sample of patients. There are many controversies 
regarding our finding that focal seizures were 
associated with intractable epilepsy. While some 
studies report similar findings (35, 36), others 
found contradictory results(18). For instance, it has 
been reported that focal seizures are one of the 
most important predictive factors of the worst 
outcomes of overall epilepsy in children (36). The 
strong association between intractable epilepsy 
and focal seizure can be attributed to its association 
with focal structural brain lesions (37, 38). This 
association was highlighted in our study, which 
showed all causes of CP that lead to focal epilepsy 
could be caused by focal brain pathology. Also, we 
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There is a link between EEG abnormalities and 
behavioral and cognitive impairment in children 
with CP (4). That is why we recommend EEG 
recording on a routine basis for follow-up of 
children with CP. Children with spastic quadriplegia 
and hemiplegia experience developmental delay 
and intellectual disability, which matches brain 
damage commonly found in these forms of CP. 
Furthermore, it was significantly associated with 
intractable epilepsy. Indeed, the association 
between CP, epilepsy, and cognitive impairment, 
has been declared to be significant (4, 15). Mert et 
al. mentioned mental retardation as a risk factor for 
epilepsy in children with CP (16,18). Other authors 
found no significant difference between CP and 
epilepsy in terms of the social quotient, despite the 
fact that seizures are more frequent and intractable 
in patients with mental retardation. It is difficult to 
determine that cognitive impairment is either a 
cause or a resultant effect of intractable epilepsy. 
Therefore, we did not include cognitive impairment 
as a risk factor in the prediction model of intractable 
epilepsy (45, 46).

Limitations
It is necessary to mention some limitations 
and biases of our study, including following a 
retrospective design, the heterogeneity of the 
etiological factors of CP, and epilepsy. These 
limitations probably have declined the accuracy 
of conclusions regarding the characteristics of 
intractable epilepsy. Further prospective studies 
on homogeneous groups, classified according to 
etiology and imaging findings, are recommended.

In Conclusion
According to the findings, we can conclude that 
the most important risk factors that can predict 

observed a significant association between SE and 
intractable epilepsy, which is supported by other 
studies that reported a higher incidence of SE in 
children with CP and considered SE as an 
independent risk factor for intractable epilepsy 
(14, 30). This association can be explained by the 
fact that SE leads to brain damage (39). We reported 
changes in the EEG records in our cohort of patients 
in the form of generalized background slowing and 
focal activity. These EEG changes have been 
corroborated by several studies (4, 16, 23, 34, 35). 
In our study, EEG changes that are predictive of 
intractable epilepsy were focal, multifocal 
discharges, and focal background slowing. These 
EEG changes are an indication of intractable 
epilepsy in epileptic children (43, 44). Indeed, 
evidence regarding the predictive value of EEG on 
intractable epilepsy in children with CP are not 
sufficient (19). Mert et.al. reported that the presence 
of definite epileptogenic activity in EEG is 
significantly associated with more severe 
outcomes. However, their study suffers the 
limitation of describing either the type of 
epileptogenic activity or background rhythm 
abnormalities (18). Also, the pattern of 
hypsarrhythmia in EEG is a poor prognostic factor 
(23). The focal slowing in the EEG background 
may indicate a focal destructive lesion within the 
white matter of the brain of whatever the etiology. 
The etiological factors include trauma, brain 
anomalies, vascular lesions, and CNS infections 
that may lead to the generation of epileptic focus 
and later to cerebral dysfunction. According to the 
findings, these etiologies have been reported 
mainly in children with CP and epilepsy with a 
focal slowing in the EEG background. Our results 
are in line with studies that described focal EEG 
changes in children with hemiplegic CP (43, 44). 
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intractable epilepsy in children with CP include 
poor Apgar score at 5 minutes, presence of 
neonatal seizures, focal epilepsy, and focal slowing 
on the EEG background. Intractable epilepsy may 
cause major adverse medical and psychosocial 
consequences. Our results can help clinicians and 
neurologists for the identification of children with 
CP and those at high risk of epilepsy, with further 
support to offer early therapeutic interventions 
intended to reduce the burden of refractory seizures.

Acknowledgment
None declared

Authors Contribution
HHE conceived the study, YHA, AHA, NMK, AOI, 
HAS, SEA, AMA, AEE, and MGF participated in 
its design and coordination. YHA, HHE, AEE, 
MGF, SEA, and AMA provided key technical 
guidance. HHE, MGF, NMK, AMA, SEA, and 
HAS drafted the manuscript, and AEE, AHA, 
YHA, and AOI critically revised the manuscript 
for important intellectual content.

Conflict of Interest 
None declared

References
1. Cerebral palsy: Hope through research. National 

Institute of Neurological Disorders and Stroke. 
July 2013. Archived from the original on 21 
February 2017. Retrieved 21 February 2017.

2- Barkudah E, et al. Cerebral palsy: Overview 
of management and prognosis. https://www.
uptodate.com/contents/search. Accessed July 
10, 2019.

3-Oskoui, M; Coutinho, F; Dykeman, J; Jetté, 
N; Pringsheim, T (June 2013). “An update on 

the prevalence of cerebral palsy: a systematic 
review and meta-analysis”. Developmental 
Medicine & Child Neurology. 55 (6): 509–19. 

4. Wallace, S. J. Epilepsy in cerebral palsy. 
Developmental Medicine and Child Neurology 
2001; 43: 713–717.

5. Gururaj, A. K., Sztriha, L., Dawodu, A. et al. 
CT and MR patterns of hypoxic ischemic brain 
damage following perinatal asphyxia. Journal 
of Tropical Paediatrics 2002; 48: 5–9.

6-Zelnik N, Konopnicki M, Bennett-Back O, 
Castel-Deutsch T, Tirosh E. Risk factors for 
epilepsy in children with cerebral palsy. Eur J 
Paediatr Neurol. 2010; 14(1):67-72.

7- Ronen GM, Buckley D, Penney S, Streiner DL. 
Long-term prognosis in children with neonatal 
seizures: a populationbased study. Neurology 
2007; 69:1816–22.

8-Eherenstein V, Pedersen L, Holsteen V, Larsen H, 
Rothman KJ, Sørensen HT. Postterm delivery 
and risk for epilepsy in childhood. Pediatrics 
2007; 119:554–61.

9- Fisher RS, Acevedo C, Arzimanoglou A, et 
al. ILAE official report: a practical clinical 
definition of epilepsy. Epilepsia. 2014; 
55(4):475-482.

10-Fisher RS, Cross JH, French JA, et al. 
Operational classification of seizure types by 
the International League Against Epilepsy: 
position paper of the ILAE Commission for 
Classification and Terminology. Epilepsia. 
2017; 58(4):522-530.

11- Kwan P, Arzimanoglou A, Berg AT, et al. 
Definition of drug resistant epilepsy: consensus 
proposal by the ad hoc Task Force of the 
ILAE Commission on Therapeutic Strategies. 
Epilepsia. 2010; 51(6):1069-1077.

12- American Psychiatric Association (2000) 

https://web.archive.org/web/20170221033227/https:/www.ninds.nih.gov/Disorders/Patient-Caregiver-Education/Hope-Through-Research/Cerebral-Palsy-Hope-Through-Research


86

Risk Factors of Intractable Epilepsy in Children with Cerebral Palsy

Iran J Child Neurol. Autumn 2021 Vol. 15 No. 4

Diagnostic and statistical manual of mental 
disorders, 4th edn text revision (DSM–IV-TR).

13- Laxer KD, Trinka E, Hirsch LJ, et al. The 
consequences of refractory epilepsy and its 
treatment. Epilepsy Behav. 2014; 37:59-70.

14-Kwong KL, Wong SN, So KT. Epilepsy in 
children with cerebral palsy. Pediatr Neurol. 
1998; 19(1):31-36.

15-Sellier E, Uldall P, Calado E, et al. Epilepsy 
and cerebral palsy: characteristics and trends 
in children born in 1976-1998. Eur J Paediatr 
Neurol. 2012; 16(1):48-55.

16-Singhi P, Jagirdar S, Khandelwal N, Malhi P. 
Epilepsy in children with cerebral palsy. J Child 
Neurol. 2003;18(3):174-179.

17-Bruck I, Antoniuk SA, Spessatto A, Bem RS, 
Hausberger R, Pacheco CG. Epilepsy in children 
with cerebral palsy. Arq Neuropsiquiatr.2001; 
59(1):35-39.

18-Mert GG, Incecik F, Altunbasak S, et al. Factors 
affecting epilepsy development and epilepsy 
prognosis in cerebral palsy.Pediatr Neurol. 
2011; 45(2):89-94.

19-Latzer IT, Blumovich A, Sagi L, Uliel-Sibony 
S, Fattal-Valevski A.Prediction of Drug-
Resistant Epilepsy in Children With Cerebral 
Palsy. Journal of Child Neurology, 2019. DOI: 
10.1177/0883073819883157.

20- Sun Y, Vestergaard M, Pedersen CB, Christensen 
J, Olsen J. Apgar scores and long-term risk of 
epilepsy. Epidemiology. 2006; 17(3):296-301.

21. Thorngren-Jerneck K, Herbst A. Low 5-minute 
Apgar score: apopulation-based register study 
of 1 million term births. Obstet Gynecol. 2001; 
98(1):65-70.

22-Odding E, Roebroeck ME, Stam HJ. The 
epidemiology of cerebral palsy: incidence, 
impairments and risk factors. Disabil Rehabil. 

2006; 28(4):183-191.
23. Kulak W, SobaniecW(2003) Risk factors and 

prognosis of epilepsy in children with cerebral 
palsy in North-Eastern Poland. Brain and 
Development 25:499–506.

24. Gururaj AK, Sztriha L, Bener A, Dawodu 
A, Eapen V (2003) Epilepsy in children with 
cerebral palsy. Seizure 12:110–114.

25. Krageloh-Mann I, Horber V. The role of 
magnetic resonance imaging in elucidating the 
pathogenesis of cerebral palsy: a systematic 
review. Dev Med Child Neurol. 2007; 49(2):144-
151.

26. Towsley K, Shevell MI, Dagenais L, Consortium 
R. Population based study of neuroimaging 
findings in children with cerebral palsy. Eur J 
Paediatr Neurol. 2011; 15(1):29-35.

27. Carlsson M, Hagberg G, Olsson I. Clinical and 
aetiological aspects of epilepsy in children with 
cerebral palsy. Dev Med Child Neurol 2003; 
45:371-6.

28.Shevell MI, Dagenais L, Hall N, Consortium 
R. Comorbidities in cerebral palsy and their 
relationship to neurologic subtype and GMFCS 
level. Neurology. 2009;72(24):2090-2096.

29- Huang L, Li S, He D, Bao W, Li L. A predictive 
risk model for medical intractability in epilepsy. 
Epilepsy Behav. 2014; 37:282-286.

30. Wirrell E, Wong-Kisiel L, Mandrekar J, Nickels 
K. Predictors and course of medically intractable 
epilepsy in young children presenting before 
36 months of age: a retrospective, population 
based study. Epilepsia. 2012; 53(9):1563-1569.

31. Nelson KB, Ellenberg JH.Antecedents of 
seizure disorders in early childhood. American 
Journal of Diseasesof Children. 1986; 140:1053-
1061. 

32. Novak I, Hines M, Goldsmith S, Barclay R. 



87

Risk Factors of Intractable Epilepsy in Children with Cerebral Palsy

Iran J Child Neurol. Autumn 2021 Vol. 15 No. 4

Clinical prognostic messages from a systematic 
review on cerebral palsy. Pediatrics. 2012; 
130(5):e1285-e1312.

33. Ronen GM, Buckley D, Penney S, Streiner 
DL. Long-term prognosis in children with 
neonatal seizures: A populationbased study. 
Neurology.2007; 69:1816-1822.

34. Senbil N, Sonel B, Aydin OF, Gurer YK. 
Epileptic and nonepileptic cerebral palsy: EEG 
and cranial imaging findings. Brain Dev. 2002; 
24(3):166-169.

35. Zafeiriou DI, Kontopoulos EE, Tsikoulas I. 
Characteristics and prognosis of epilepsy in 
children with cerebral palsy. J Child Neurol. 
1999; 14(5):289-294.

36. Delgado MR, Riela AR, Mills J, Pitt A, 
Browne R. Discontinuation of antiepileptic 
drug treatment after two seizure-free years in 
children with cerebral palsy. Pediatrics. 1996; 
97(2):192-197.

37. Cockerell OC, Johnson AL, Sander JW, 
Shorvon SD. Prognosis of epilepsy: a review 
and further analysis of the first nine years of 
the British National General Practice Study of 
Epilepsy, a prospective population-based study. 
Epilepsia. 1997; 38(1):31-46.

38. Elwes RD, Johnson AL, Shorvon SD, Reynolds 

EH. The prognosis for seizure control in newly 
diagnosed epilepsy. N Engl J Med. 1984; 
311(15):944-947.

39. De Negri M. Electrical status epilepticus in 
childhood: neuropsychological

impairment and therapeutic management. Dev 
Med Child Neurol. 1994; 36(2):183-186.

42. Arts WF, Geerts AT, Brouwer OF, Boudewyn 
Peters AC, Stroink H, van Donselaar CA. The 
early prognosis of epilepsy in childhood: the 
prediction of a poor outcome. The Dutch study 
of epilepsy in childhood. Epilepsia. 1999; 
40(6):726-734.

43. Berg AT, Shinnar S, Levy SR, Testa FM, Smith-
Rapaport S, Beckerman B. Early development 
of intractable epilepsy in children: a prospective 
study. Neurology. 2001; 56(11):1445-1452.

44. Ko TS, Holmes GL. EEG and clinical predictors 
of medically intractable childhood epilepsy. 
Clin Neurophysiol. 1999; 110(7):1245-1251.

45. Uvebrant P. Hemiplegic cerebral palsy. 
Aetiology and outcome. Acta Paediatr Scand 
Suppl. 1988; 345:1-100.

46. Sussova J, Seidl Z, Faber J. Hemiparetic 
forms of cerebral palsy in relation to epilepsy 
and mental retardation. Dev Med Child 
Neurol.1990;32(9):792-795.


