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Abstract

Purpose: Despite irradiation, CT-scan remains an important diagnostic tool in epilepsy in poor
countries where MRI is neither available nor affordable. But many causes of epilepsy are not ac-
cessible to CT-scan and this technique remains expensive for many poor families in countries with
limited resources. The aim of this study was to determine clinical or electroencephalogram va-
riables which could predict brain CT-scan abnormalities in childhood epilepsy. Methods: It was a
cross-sectional study including 151 epileptic children who underwent head CT-scan from October
2011 to march 2012, in one university-affiliated hospital in Cameroon (YGOPH). The data col-
lected were clinical, type of seizure, Electroencephalogram and head CT-scans results. Indepen-
dent predictive factors for CT abnormalities were sought by logistic regression. A p value < 0.05
was considered. Results: Of the 151 children, 54.3% (82/151) were boys (sex ratio: 1.18 M/1F).
The median age was 54 months [2 - 190 months]; 74.8% of children were more than 2 years old
but at the onset of epilepsy they were 2 years old or less. Birth asphyxia, mental retardation and
neurologic deficit were respectively associated in 62.4%, 54.3% and 51.7% of cases. Eighty-five
had focal epilepsy (56.3%), 61.6% had abnormal head CT-scan, 68.9% had abnormal EEG, with no
significant gender difference. The factors most significantly associated with abnormal head
CT-scan were: child age < 2 years, maternal hypertension/eclampsy, cerebral palsy, and child mi-
crocephaly, with 89% to 92% abnormal CT. The two independent predictors of abnormal CT were
patients’ age < 2 years and microcephaly. The two main CT-scan lesions were cerebral atrophy
(28.5%) and brain infarct (16.6%). None of these abnormalities was correlated to any type of epi-
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lepsy. Conclusion: Almost two-thirds of head CT-scan performed in epileptic children are abnor-
mal in our setting. Patients of 2 years old or less and those with microcephaly are very likely to
have brain anomalies on CT-scan. The most common brain lesions are atrophy, cerebral infarction
and porencephalic cavities. Action to reduce birth asphyxia may lead to the reduction of the inci-
dence of epilepsy in children.
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1. Introduction

Epilepsy is a widespread disease with an incidence in children and adolescents ranging from 50 to 100/100,000
person-years across all populations over the world [1]. In 1995, Mbonda et al. found that, 1.85% children con-
sulting at the Yaoundé Centre Hospitals’ emergency ward were epileptic [2]. Although epilepsy is a complex
disease and often without organic cause, imaging is still indicated in some cases to search for potentially treata-
ble lesions or which can explain a particular symptomatology.

Magnetic resonance imaging is the best imaging modality in this indication because it is very sensitive in the
detection of brain pathology [3] with no radiation. Unfortunately, this is an expensive and poorly widespread
technology especially in the sub-saharian countries. CT-scan is less sensitive than MRI but it is more widespread
and more accessible. Despite radiation, CT-scan is reliable in the diagnosis of many diseases such as tumors,
cerebral ischemia, some malformations and infections [4]-[6]. It is also ideal in the characterization of calcifica-
tions which can be suggestive of specific pathology. That is why the CT-scan is still an important diagnostic tool
in epilepsy in poor countries where MRI is neither available nor affordable [7] [8]. Knowing that many causes of
epilepsy are not accessible to CT-scan imaging and that this radiating technique remains expensive for many
poor families in countries with limited resources, it is necessary to determine some criteria for selecting patients
who more probably would have abnormal CT-scan examination.

Several studies have already been conducted to identify predictors of brain damage in case of seizures but
very few focused specifically on pediatric epileptic population [8]-[17] and to the best of our knowledge, only
two of them were carried out in sub-Saharan Africa [16] [17].

The aim of this study was to determine clinical or electroencephalogram variables which could predict brain
CT-scan abnormalities in childhood epilepsy in our setting.

2. Patients and Methods

2.1. Patients and Sampling

From October 2011 to march 2012, all epileptic children who underwent a cerebral CT-scan in the Medical Im-
aging Service of the Yaoundé Gynaeco-Obstetric and Pediatric Hospital (YGOPH) were retrospectively enrolled
for the purpose of this cross-sectional study. This university-affiliated hospital serves as a referral centre for
neuropediatrics in Cameroon and throughout Central Africa. Patients with any acute inter-current condition pos-
sibly causative of seizures (trauma, known tumour, meningitis, septicaemia, encephalitis, embryo-fetopathies...)
were excluded.

2.2. Clinical Evaluation

A complete clinical examination was performed by a neuropediatrician. The clinical data collected were age, sex,
age of onset of seizures, neurological signs, frequency of seizures, head circumference, past medical history of
the child (prenatal, perinatal and postnatal) including previous antiepileptic medication and outcome. Seizures
were categorized as focal or generalized according to the International League Against Epilepsy classification [18].

2.3. Paraclinical Assessment

An Electroencephalogram (EEG) was performed in all the subjects using a 32-channel device from Micro-
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med-France. The setup used was consistent with the international 10/20 system with establishment of 10 or 21
electrodes according to the patient’s age and head circumference. Intermittent photo-stimulation was performed
in all patients. The EEG was analyzed by one neuropediatrician. The results were classified as normal or sug-
gestive of focal or generalized epilepsy.

Unenhanced and when necessary enhanced helical head CT-scans of 3 to 5 mm thickness of all patients were
reviewed by one pediatric radiologist and one general radiologist. They were classified as normal and abnormal
CT-scan, with details on cerebral anomalies.

2.4. Statistical Analysis

Data analysis was performed using SPSS 20.0 (Chicago, USA.). Normality of the distribution was assessed with
the Kolmogorov-Smirnov test. Proportions of normal and abnormal CT-scans among patients group were com-
pared using chi-squared or Fisher test. Independent predictive factors for CT abnormalities were sought by lo-
gistic regression. A p value < 0.05 was accepted to indicate statistical significance. The results are presented as
count (proportions) and median (extreme values).

3. Results

The study included 151 children with 54.3% (82/151) boys (sex ratio: 1.18 M/1F). The median age was 54
months [2 to 190 months]. Out of these children, 56.3% (85/151) had focal epilepsy, and 61.6% (93/151) had an
abnormal brain CT (Table 1). There was no significant gender difference on the type of epilepsy (p = 0.32) or
frequency of abnormalities in brain CT (p = 0.36).

The majority of patients (74.8%, 113/151) were age more than 2 years old but in 65.6% cases (99/151) epi-
lepsy started when they were 2-year-old or less. Ninety-five children (62.9%) experienced more than one seizure
episode per day. Other frequent clinical findings were mental retardation (54.3%) and neurologic deficit (51.7%).
Regarding past medical history, 64 children (62.4%) had birth asphyxia and in 7.9% (12/151) of cases there was
a history of maternal hypertension or bleeding during pregnancy (Table 1).

Table 1. Clinical outcomes and correlation with brain CT results.

Clinical data Effective (%) Abnormal CT (%) Normal CT (n) p value
Type of epilepsy
Focal 85 (56.3) 46 (54.1) 39 0.02
Generalized 66 (43.7) 47 (71.2) 19 '
Patient’s age
<2 years 38(25.2) 35(92.1) 3 0.00
>2 years 113 (74.8) 58 (51.3) 55 '
Age of the disease onset
<1 year 75 (49.7) 60 (80) 15 0.00
>1 year 76 (50.3) 33(43.4) 43 '
Microcephaly 37(24.5) 33(89.2) 4 0.00
Cerebral palsy 33(21.9) 30(90.9) 3 0.00
Frequency of seizures
>1/day 95 (62.9) 50 (52.6) 45 0.002
<1/day 56 (37.1) 43 (76.8) 13 )
Mental retardation 82 (54.3) 67 (81.7) 15 0.00
Neurologic deficit 78 (51.7) 65 (83.3) 13 0.00
Abnormal EEG 104 (68.,9) 66 (63.5) 38 0.29
Obstetrical history
Maternal non-infectious disease 12 (7.9) 11 (91.7) 1 0.02
Birth asphyxia 64 (42.4) 49 (76.6) 15 0.00
History of complex febrile seizures 43 (28.5) 27 (62.8) 16 0.5
Seizures refractory to medication 40 (26.5) 30 (75) 10 0.03

“proportion calculated per clinical outcome.
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An abnormal EEG was found in 68.9% cases (104/151) with 16 hypsyarythmia (West Syndrome), 15 gener-
alized epilepsies, 74 focal epilepsies. The main foci were temporal (17/74), frontal (13/74), occipital (10/74) and
centro-temporal (7/74). At univariate analysis, different clinical and past medical data correlated with abnormal
brain CT are listed in Table 1.

The factors most significantly and most frequently associated with abnormal head CT-scan were: patient age
equal or less than 2 years, maternal non-infectious disease, cerebral palsy, and child microcephaly, with 89 to 92%
abnormal CT.

At multivariate analysis, two independent predictors of abnormal CT were identified: patients’ age equal or
less than 2 years and microcephaly (Table 2).

The three main CT-scan lesions were cerebral atrophy (28.5%), brain infarct (16.6%) and porencephalic cavi-
ties (9.3%). None of these abnormalities was correlated to any type of epilepsy (Table 3).

Sixty eight percent (17/25) of patients with brain infarct had a history of birth asphyxia, and this difference
was statistically significant (p = 0.00).

4. Discussion

We carried out this cross-sectional study to determine consistent variables which could predict abnormal cere-
bral CT among children with epilepsy in our setting. The incidence of abnormal scans was 61.9% occurring
mainly in generalized epilepsy. Independent predictors of abnormal cerebral CT were patients’ age equal or less
than 2 years microcephaly. The most frequent CT abnormalities were cerebral atrophy, brain infarct and poren-
cephalic cavities.

We have identified several factors significantly associated with CT anomalies. Many of them had been pre-
viously described by other authors (Table 4). In our study, a patient age equal or less than two years was an

Table 2. Independent CT abnormalities determinants provided by multinomial logistic regression.

Determinant Regression coefficient (8) p value
Patient’s age equal or less than 2 years 5.4 0.02
Microcephaly 35 0.04

Table 3. Cerebral CT scan findings.

Abnormalities Effective (%) Focal epilepsy Generalized epilepsy p
Cerebral atrophy 43 (28.5%) 20 23 0.08
Brain infract 25 (16.6%) 16 9 0.26
Porencephalic cavities 14 (9.3%) 6 8 0.21
Parenchymal calcifications 10 (6.6%) 3 7 0.08
Hydrocephalus 7 (4.6%) 4 3 0.63
Schizencephaly 1(0.7%) 0 1 0.43
Chronic empyema 1 (0.7%) 1 0 0.56

Table 4. Factors associated with CT abnormalities in other studies.

Studies indicated by the fist author of the study”
Ref [11] Ref[19] Ref[12] Ref[17] Ref[16] Ref[20] Ref[10] Ref[15]
Partial seizures - - + + + +
History of birth asphyxia
Age of onset < 1 an
Neurologic deficit + + + +
Mental retardation
Pre and perinatal risk factors -

Factors associated with abnormal CT

High frequency of seizures + +
Abnormal EEG + + +
Patients’ age < 2 ans +

+: association found; —: Association rejected; "Ref = reference: Lagenstein et al. [11], Bautovich et al. [19], Yang et al. [12], Wammanda et al. [17],
Obajimi et al. [16], Patel et al. [20], Bachman et al. [10], Kapoor et al. [15].
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independent risk factor for having an abnormal CT. This result is consistent with those of Kapoor et al. who
concluded that the incidence of intracranial structural lesions associated with epilepsy is relatively higher in the
young than the older children [15]. Abnormal head circumference especially microcephaly was also an inde-
pendent predictor of CT abnormalities. It makes sense in so far as this anomaly probably indicates an underlying
lesion such as brain atrophy, itself associated with birth asphyxia and cerebral palsy.

Unlike what is widely reported, we found CT abnormalities more frequently in generalized epilepsies. Most
previous studies have shown that CT abnormalities were more frequent in focal epilepsies [10] [12] [15] [16]. In
1986, Patel et al. found in a study of 115 children that only 6 over 57 brain CT-scans performed in children with
generalized epilepsy were abnormal. They recommended that this investigation should not be a part of the rou-
tine work-up of children with generalized seizures [20]. In the studies of Patel (2013), and Yang (1979), in-
cluded children had a high prevalence of neurologic deficits, which could justify the high frequency of CT le-
sions in focal seizures. Obajimi et al. found 74.4% of CT abnormalities in partial epilepsy (vs 50% in genera-
lized epilepsy) among 103 epileptic children in Nigeria. But in their study, patients with suspected specific eti-
ologies (trauma, infection, tumor suspicion...) were not excluded [16]. It should also be noticed that apart from
the study of Patel et al. in 2013, all those which assessed CT lesions depending on the type of epilepsy did not
use the most recent classification of the ILAE [18]. Although their results are consistent, these studies were car-
ried out on heterogeneous samples. Thus it is possible in some cases, as we have found, that CT abnormalities
being more frequent in generalized epilepsies. This is even more true since Lagenstein et al., unlike others, did
not find any correlation between the frequency of CT abnormalities and type of epilepsy [11]. We believe that a
reasonable doubt must be maintained on the relationship between generalized epilepsy and abnormal CT until
studies based on the current classification of epilepsies are conducted with larger and homogeneous samples. In
the order hand, MRI studies in the same population will probably lead to different results. Some obvious focal
lesions on MRI are not detectable on CT-scan.

The incidence of abnormal CT in our study (61.9%) was higher than in the most of previous reports where it
was between 22% and 52% [10] [12] [13] [15]-[17]. The only study which found a higher CT abnormalities in-
cidence (68%) than ours is that of Patel et al. (2013) who worked on a very selective symptomatic sample of 59
children with predominantly focal motor-partial epilepsy in India [6]. Our patients were referred to the radiology
department by experienced neuro-pediatricians who were sorting the patients initially by clinical examination
and EEG. They used to request head CT-scan in case of generalized epilepsy when there were associated clinical
factors or past history highly suggestive of brain lesion such as: cerebral palsy, microcephaly, birth asphyxia,
severe mental retardation, suspicion of syndromic epilepsy... Secondly, in a country with limited resources like
ours, poor families pay the exams only when they consider the disease as severe enough to justify supplementa-
ry expenditure. These two parameters have probably induced a selection bias justifying the high rate of abnor-
mal CT in our study. The third consideration is about high population of cerebral palsy in our sample (33/151)
with known high incidence of cerebral abnormalities on CT-scan [6], and the high population of microcephaly
(37/151).

The most frequent CT abnormalities were cerebral atrophy, brain infarct and porencephalic cavities. These
stable lesions also predominate in most previous studies carried out abroad [10] [12] [13] [17] and in our coun-
try [5] [6] [21]. In their screening of 100 children with epilepsy aged 0-3 years Kapoor et al. found that brain
atrophy (9 case/24 abnormal CT) was the most common lesion. They estimated that brain atrophy seemed to be
an important cause of epilepsy and that intracranial static and developmental anomalies are the most important
cause of epilepsy in children specially infants and young ones [15]. Static processes like brain atrophy are un-
treatable, but their demonstration may be quite helpful to the family for the diagnosis’ acceptance and to the
physician in planning the care of children with chronic seizure disorders [10].

Cerebral infarct was another common lesion. We found that it was mainly due to birth asphyxia. In Nigeria,
Wammanda et al. found that 90% of children who had abnormal CT-scan had significant past medical history
with histories suggestive of birth asphyxia and cerebral infections [17]. This means that with good obstetric
practice, many cases of epilepsy could be avoided in our setting where Moifo et al. [6] found 37.8% of epilepsy
and 45.4% anoxo-ischemic-like hypodensities in cerebral palsy children, and Nguefack et al. found 41.8%
anoxo-ischemic causes of developmental delay in children [21], and 55.9% of birth asphyxia in West syndrome
[5]. According to Adhikari et al., central nervous system infections are the main cause of seizures and acquired
epilepsy in the developing countries [1]. Neurocysticercosis and neurotuberculosis are cited as common causes
of epilepsy in tropical countries and particularly in India [8] [15]. But in a study conducted in Cameroon in 1998,
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Dongmo et al. compared 93 epileptic patients with 174 control subjects in an area of high endemicity of neuro-
cysticercosis. They did not find any correlation between high serology for cysticercosis and epilepsy [22]. Un-
like some authors who have conducted their studies in tropical areas [8] [9], we found no signs of active infec-
tious lesions. This may be due to the fact that we excluded from our study children who had obvious clinical
signs of infection in order to be sure to avoid non-epileptic causes of seizures. Other authors did not take the
same precautions.

As limitations of this study, CT-scan although increasingly widespread is expensive for many families in our
country, which probably created a selection bias in our sampling. However, to our knowledge, this study is the
first of its kind conducted in a country of sub-Saharan Africa. In addition, unlike most other authors, we per-
formed statistical tests to eliminate confounding factors and come to identify variables that predict the CT ab-
normalities independently. These predictors should be tested on a larger sample in order to verify their reliability.

5. Conclusion

At the Yaoundé Gynaeco-Obstetric and Pediatric Hospital, 61.9% of brain CT performed in epileptic children
are abnormal. The CT abnormalities are more common in generalized epilepsy. Patients aged 2 years or less and
those with abnormal head circumference are very likely to have brain anomalies on CT-scan. The most common
brain lesions are atrophy, cerebral infarction and porencephalic cavities. Action to reduce perinatal asphyxia
may lead to the reduction of the incidence of epilepsy in children.
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