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Abstract

Introduction: Epilepsy is one of the most common neurological illnesses occurring in children. In approximately 20–30% 
of cases it is drug-resistant.
Aim of the research: To assess the already-known risk factors, analyse the rarely described ones, and find new causes of 
epilepsy drug resistance in children, taking into account the level of impact of each factor.
Material and methods: The study comprised 152 of all 383 children hospitalised in 2012 at the Neurology Department of 
the Polish Mother’s Memorial Hospital in Lodz due to epilepsy. Based on medical documentation, neurological examination, 
and our own questionnaire, we divided patients into two groups: drug-resistant epilepsy or drug-sensitive epilepsy. We com-
pared the type, level of influence, and prevalence of different factors. For statistical analysis, the χ2 test was used. Statistical 
significance was set at p < 0.05.
Results: Drug-resistant epilepsy was found in 64 patients (42.1%), and drug-sensitive epilepsy was found in 88 patients 
(57.9%). Factors that were most probable to cause drug resistance included: high prevalence of seizures (Cramer’s V = 0.66), 
type of epileptic syndrome (V = 0.62), psychomotor developmental delay (V = 0.62), and occurrence of status epilepticus  
(V = 0.6). Factors such as infections of CNS in early childhood, repeated severe infections of airways in childhood, and 
mother’s infectious diseases with high fever during pregnancy were rare or non occurring (Cramer’s V = 0.41, 0.32, and 0.31, 
respectively).
Conclusions: The study confirmed the previously known causes of drug resistance and indicated the significance of under-
estimated inflammatory and infectious factors involving pyrexia, in children and also in mothers during pregnancy.

Streszczenie

Wprowadzenie: Padaczka jest jedną z najczęstszych chorób neurologicznych u dzieci. Około 20–30% przypadków padacz-
ki nie poddaje się leczeniu. Wciąż poszukuje się czynników ryzyka lekooporności.
Cel pracy: Ocena znanych już wcześniej czynników, analiza rzadko opisywanych oraz znalezienie dotychczas niezbada-
nych przyczyn lekooporności w padaczce u dzieci wraz z określeniem siły ich wpływu.
Materiał i metody: Badaniem objęto 152 dzieci spośród 383 hospitalizowanych na Oddziale Neurologii Dziecięcej Instytutu 
Centrum Zdrowia Matki Polki w Łodzi w 2012 r. z powodu padaczki. Na podstawie dokumentacji, badania neurologicznego 
i własnego kwestionariusza wyodrębniono dwie grupy pacjentów – z padaczką lekooporną oraz podatną na leki. Porówny-
wano rodzaj, siłę wpływu oraz częstość występowania różnych czynników. W analizie statystycznej wykorzystano test χ2. 
Za poziom istotności przyjęto p < 0,05.
Wyniki: U 64 osób stwierdzono padaczkę lekooporną (42,1%), a 88 miało padaczkę podatną na leczenie (57,9%). Do czyn-
ników o największej sile wpływu na ujawnienie się lekooporności należały: duża częstość występowania napadów (V-Cra-
mera = 0,66), rodzaj zespołu padaczkowego (V-Cramera = 0,62), opóźnienie rozwoju psychoruchowego (V-Cramera = 0,62) 
oraz występowanie stanów padaczkowych (V-Cramera = 0,6). Rzadko lub w  ogóle nieopisywanymi czynnikami ryzyka 
były infekcje ośrodkowego układu nerwowego we wczesnym dzieciństwie (V = 0,41), powtarzające się ciężkie infekcje dróg 
oddechowych u dziecka (V = 0,32) oraz choroby infekcyjne przebiegające z gorączką u matki w ciąży (V = 0,31).
Wnioski: W badaniu potwierdzono wpływ znanych przyczyn lekooporności oraz wykazano znaczenie niedocenianych 
dotychczas czynników zapalnych i infekcyjnych przebiegających z gorączką, zarówno u dziecka, jak i u matki w ciąży.
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Introduction

Epilepsy is one of the most common neurological 
illnesses occurring in children. It is estimated that 
about 0.5–1% of the paediatric population suffers 
from this illness [1]. However, despite the fact that 
new epileptic drugs are designed every year, seizures 
in about 20–30% of patients still remain uncontrolled. 
Such epilepsy is referred to as drug resistant [2].

So far, no universal and detailed definition of it 
has been established. Thus, physicians use different 
criteria as regards drug resistance [3]. In response to 
this situation, the International League Against Epi-
lepsy (ILAE) has recently suggested a new definition, 
according to which epilepsy is drug resistant when 
two properly selected and used therapeutic regimens 
(mono- or polytherapy) turn out to be ineffective in 
achieving permanent cessation of seizures. Therapy 
is considered successful if epileptic seizures do not 
occur for either at least three times the prior inter-sei-
zure interval or one year (whichever is longer) [4]. 

Factors predisposing to drug resistance can be di-
vided into clinical, electrophysiological, morpholog-
ical, and genetic [5]. The most frequently mentioned 
clinical factors include the following: initial antiepi-
leptic treatment [6, 7], considerable initial frequency 
of epileptic seizures [6, 8–12], occurrence of status 
epilepticus [6, 13–17], symptomatic aetiology of epi-
lepsy [6, 16, 18], type of epilepsy/epileptic syndrome 
[11, 13, 14, 16, 19–22], onset of epileptic seizures before 
the first birthday [13, 15, 18, 23, 24], abnormal results 
of neurological examination [8, 18, 23, 24, 25], and 
abnormalities detected in imaging [18, 23] and EEG 
examinations [15, 16, 18]. 

Since drug-resistant epilepsy in children and teen-
agers constitutes a serious problem for contemporary 
paediatric neurology, finding the factors responsible 
for its unfavourable course and distinguishing the 
most common causes of drug resistance would allow 
us to apply the proper preventive measures and work 
out new therapies for the cases of epilepsy that have 
been drug resistant so far. 

Aim of the research

The aim of this study was to assess the already 
known risk factors for drug-resistant epilepsy, order-
ing them according to prevalence and level of influ-
ence of drug resistance; to analyse the rarely described 
causes of drug resistance; and to find new clinical pre-
dictors of unfavourable course of epilepsy.

Material and methods

The study comprised 152 of all 383 children hos-
pitalised in 2012 at the Paediatric Neurology Depart-
ment of the Mother’s Memorial Hospital – Research 
Institute in Lodz due to epilepsy. Based on the new 
definition of drug-resistant epilepsy proposed by 

the ILAE in 2009 [3], patients were divided into two 
groups: children with drug-sensitive epilepsy and 
children with drug-resistant epilepsy. In accordance 
with the new criteria by the ILAE, epilepsy was de-
fined as drug-resistant if therapeutic success was not 
achieved and the epileptic seizures persisted despite 
applying two well-tolerated, properly selected, and 
properly administered anti-epileptic drugs (in mono- 
or polytherapy) [3].

Analysis of the questionnaires and medical doc-
umentation, the physical examination and the inter-
view were used to compare the level of influence of 
clinical factors predicting an unfavourable course of 
epilepsy in both groups of patients. The questionnaire 
comprised 40 questions concerning the factors associ-
ated with pregnancy and labour, development, onset 
of the illness, its course, current condition, and results 
of imaging and EEG examinations. 

Psychomotor development in infants and small 
children was assessed based on psychological tests – 
Ages and Stages Questionnaires (ASQ) and the Bayley 
Infant Neurodevelopmental Screener (BINS). In older 
children psychomotor development was assessed us-
ing the Wechsler Adult Intelligence Scale. 

Medical history concerning headaches was taken 
from parents and children, based on a questionnaire 
containing questions about the frequency, duration, 
location, and type of pain, as well as its connection 
with epileptic seizures.

Statistical analysis

The data collected was analysed quantitatively 
and qualitatively. The result was considered statis-
tically significant if significance level (p) was ≤ 0.05. 
For statistical analysis, the chi-squared (χ2) test was 
used. Based on χ2 test the contingency coefficient was 
counted (Cramer’s V), which indicates the variables’ 
power of influence. The value of Cramer’s V ≥ 0.5 
signifies high association of categorical variables, V = 
0.3–0.5 signifies medium association, and V < 0.3 sig-
nifies low association. 

Results

Among the 152 children included in the study, 64 
(42.1%) had drug-resistant epilepsy consistent with 
the applied criteria and 88 (57.9%) had drug-sensitive 
epilepsy (Table 1).

Drug resistance was more frequent in girls (59.4%), 
but the level of influence of sex on its occurrence was 
insignificant (Cramer’s V = 0.12, p = 0.12). On the oth-
er hand, epilepsy sensitive to pharmacotherapy was 
more frequent in boys, but the difference was also sta-
tistically insignificant.

Correlations between the antiepileptic treatment 
and the prevalence of seizures are presented in Table 2. 
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The most influential risk factors for drug resistance 
included the following: high frequency of seizures and 
large number of drugs taken during the first year of 
treatment, type of epileptic syndrome, psychomotor 
developmental delay, and the occurrence of status epi-
lepticus (Cramer’s V ≥ 0.6). High association (Cramer’s 
V = 0.5–0.6) was found for epilepsy aetiology, type of 
seizures, abnormalities in neurological examination, 
and abnormalities in imaging examinations (Table 3).

In a group of patients with drug-resistant epilep-
sy, 43 (67.2%) were found to present with changes in 
head computed tomography (CT) and nuclear mag-
netic resonance (NMR). For comparison, in the group 
of children with satisfactory response to anti-epilep-
tic treatment, only four patients presented with ab-
normalities in imaging examinations.

The most frequent developmental abnormalities 
found in the 12 children with drug-resistant epilepsy 
included agenesis of the corpus callosum (2), periven-
tricular heterotopia, polymicrogyria, lissencephalia 
(2), hydrocephalus (4), and focal cortical dysplasia (2). 

Other abnormalities revealed in imaging exam-
inations included the following: post-inflammatory, 
ischaemic, and post-ischemic foci, vascular malforma-
tions, subependymal nodules, neoplasms, and idio-
pathic or post-traumatic haematomas.

A slightly lower influence on drug resistance (Cra-
mer’s V = 0.3–0.5) was found for factors such as: pres-
ence of comorbidities, age at first epileptic seizure, 
headaches, lateralisation of lesions detected in EEG, 
past encephalitis, or cerebrospinal meningitis. All the 
risk factors are presented in Table 4. 

Table 1. Number of patients in age-dependent groups with drug-resistant and drug-sensitive epilepsy 

Age [years] Mean age ± SD DRE (%) DSE (%)

< 5 3.9 ±1.9 30 (57.7%) 22 (42.3%)

5–10 7.2 ±2.1 22 (45.8%) 26 (54.2%)

≥ 10 12.4 ±3.4 12 (23.1%) 40 (76.9%)

All patients (n = 152) 7.9 ±4.8 64 (42.1%) 88 (57.9%)

Chi-square test V-Cramer = 0.12 p = 0.0014

DRE – drug-resistant epilepsy, DSE – drug-sensitive epilepsy

Table 2. Number of antiepileptic drugs and prevalence of seizures in the first and last year of treatment*  
(0.0000 ≤ p < 0.005)

Factors V-Cramer Number of patients

DRE                         DSE 

Number of drugs (start of treatment):
Without AED

1 AED
2–3 AEDs
≤ 4 AEDs

0.65
0
0
52
12

16
160
11
0

Number of drugs (last year of treatment):
Without AED
1 AED
2–3 AEDs
≥ 4 AEDs

0.65
0
0 
12
48

15
54
57
1

Prevalence of seizures (start of treatment): 
≤ 1/year
2–11/year
≤ 1/week

0.66
0
2
22

9
70
9

Prevalence of seizures (last year of treatment):
≤ 1/year
2–11/year
≥ 1/week
Every day 

0.66
1

19
28
16

78
9
1
0

AED – antiepileptic drug, DRE – drug-resistant epilepsy, DSE – drug-sensitive epilepsy, *last year of treatment = last year of observation 
in the study
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Two rarely mentioned risk factors were observed 
in our study: severe and frequent lower airway infec-
tion with high fever (≥ 5 times per year) in children 
and infections with high fever in mothers during 
pregnancy.

Discussion 

In the presented material, the factors that were 
most influential in causing drug resistance included 
the following: high frequency of seizures and large 
number of antiepileptic drugs applied during the first 
year of treatment, type of epileptic syndrome, psy-
chomotor developmental delay, occurrence of status 
epilepticus, symptomatic aetiology, polymorphism of 
seizures, abnormalities in neurological examination, 
and abnormalities in imaging examinations.  

High initial frequency of epileptic seizures is one 
of the most common causes of drug resistance. In 
our study this was the most influential risk factor for 

drug-resistant epilepsy (Cramer’s V = 0.66). According 
to most authors, it conditions the occurrence of drug 
resistance to the highest degree [6, 8–12].

In our study, failure of the initial antiepileptic 
treatment turned out to be a comparably influential 
predictor of poor prognosis in epilepsy (Cramer’s V = 
0.65), which was also pointed out by Sillanpaa [6] and 
Wirrell et al. [7].

In our study, drug-resistant epilepsy was most fre-
quent in children with generalised and cryptogenic 
epileptic syndromes such as West syndrome, Len-
nox-Gestaut syndrome, and Dravett syndrome. It was 
less common in children with epilepsy of localised 
onset, even less in epilepsies of unspecified aetiology, 
and least frequent in those with idiopathic epilepsies 
(Cramer’s V = 0.62). Similar observations were de-
scribed by Oskoui et al. [11], Gururaj et al. [13], French 
[14], Ohtsuka et al. [16], Berg et al., Geerts et al., and 
Schiller et al. [19–21].

Table 3. Main factors affecting drug resistance (0.0000 ≤ p < 0.005)

Clinical factors V-Cramer DRE (%) DSE (%)

High prevalence of seizures in the first year of treatment 0.66 63 10

Large number of drugs in the first year of treatment 0.65 81 13

Type of epileptic syndrome:
1. Roland’s epilepsy and idiopathic secondary generalised epilepsies
2. �Epilepsy and symptomatic epileptic syndromes of a specified onset
3. Epilepsy and generalised idiopathic epileptic syndromes
4. �Epilepsy and generalised cryptogenic and symptomatic epileptic 

syndromes (West’s syndrome, Lennox-Gestaut syndrome, Dravet’s 
syndrome, myoclonus epilepsy with episodes of unconsciousness, 
myoclonic astatic epilepsy)

5. �Epilepsy and generalised syndromes in the course of conditions such as 
metabolic and storage illnesses

6. Unspecified syndromes

0.62
5

45
0
31

16

3

55
9
20
1

4

11
Psychomotor developmental delay (PDD):

1. Normal psychomotor development
2. Mild PDD
3. Moderate PDD
4. Severe PDD

0.62
3

30
27
40

78
15
7
0

Occurrence of status epilepticus 0.6 70 1

Aetiology of epilepsy:
1. Symptomatic
2. Unknown etiology

0.58
89
11

20
40

Type of seizures:
I. Focal

1. Partial simple and complex
2. Partial secondary generalised

II. Primary generalised
III. Polymorphic

0.56
23
25
5
2

45

7
39
42
11
1

Abnormal neurological examination results 0.56 75 9

Abnormalities in imaging examinations 0.51 70 14

DRE – drug-resistant epilepsy, DSE – drug-sensitive epilepsy



Assessment of clinical risk factors for drug-resistant epilepsy in children and teenagers 145

Studia Medyczne 2014; 30/3

Delay in psychomotor development is one of the 
most frequent causes of drug resistance.  In our study 
this was also one of the most influential risk factors for 
drug-resistant epilepsy (Cramer’s V = 0.62). This view 
is shared by most authors [6, 8, 13, 22, 25]. According 
to Camifield, normal intellectual development is fun-
damental for good prognosis in epilepsy [26]. It has 
also been confirmed that a long-lasting persistence of 
epileptic seizures and occurrence of status epilepticus 
affects intellectual development [27–32].  

Medical history of status epilepticus was another 
important predictor of drug resistance. Its occurrence 
in early childhood was strongly correlated with later 
drug resistance (Cramer’s V = 0.6). Studies by other 
authors such as Sillanpaa [6], Ramos-Lizana et al. [8], 
Mohanraj and Brodie [10], and Gurruraj et al. [13] also 
revealed the relation between status epilepticus and 
drug-resistant epilepsy. 

Another factor worsening the prognosis is the poly-
morphism of seizures in the course of epilepsy. In the 
analysed group the most powerful predictors of drug 
resistance included polymorphic epileptic seizures and 
focal seizures, mainly partial complex ones (Cramer’s V 
= 0.56). Chawla et al. [24] and Go and Snead [33] point-
ed out the influence of such seizures on the occurrence 
of drug resistance in the treatment of epilepsy. The lit-
erature seems to indicate that epilepsy of symptomatic 
aetiology heralds its unfavourable course (Cramer’s V 

= 0.58), which was proven by Sillanpaa [6], Akhondian 
et al. [18], and Go and Snead [33]. 

Another important risk factor for drug resistance 
confirmed in our study was abnormal neurological 
examination result (diagnosis of a  neurological syn-
drome: pyramidal syndrome, extrapyramidal syn-
drome, cerebellar syndrome, hypotonia) (Cramer’s V 
= 0.56). According to most authors, an abnormal re-
sult of a neurological examination is a significant risk 
factor for drug resistance in epilepsy [13, 18, 23–25]. 

The authors also pointed out the relation between 
drug resistance and structural and developmental 
changes in the central nervous system revealed in CT 
and NMR examinations (Cramer’s V = 0.51). Similar 
observations were also made by different authors, in-
cluding Sillanpaa and Schmidt [9], Ramos-Lizana et al. 
[25], and Guerrini et al. [32]. Guerrini et al. analysed 
the problem of drug-resistant epilepsy in several spe-
cific developmental malformations of the cerebral 
cortex, such as hemimegalencephaly, focal cortical 
dysplasia, bilateral schizencephaly, periventricular 
heterotopias, lissencephaly, and polymicrogyria [32]. 

Another frequently described factor causing drug 
resistance is early onset of epileptic seizures (Cramer’s 
V = 0.45), which was confirmed in our study [10, 13, 
17, 23, 34, 35]. 

Drug resistance in epilepsy has also been demon-
strated to be related with febrile convulsions observed 

Table 4. Factors of moderate impact on drug resistance (0.0000 ≤ p < 0.005)

Clinical factors V-Cramer DRE (%) DSE (%)

Coexisting conditions – infantile cerebral palsy (ICP) 0.47 45 2

Age at first epileptic seizure:
1. < 1 years old
2. 1–3 years old
3. 4–13 years old

0.45
58
30
12

16
27
57

Headaches in childhood:
1. Did not occur
2. Before seizures
3. After seizures
4. Independently of seizures

0.44
59
16
23
2

68
5
1

26

Left-sided lateralisation of the focus in EEG 0.43 52 10

Encephalitis/cerebrospinal meningitis 0.41 41 2

Hypoxic ischaemic encephalopathy 0.39 67 25

Genetic syndromes 0.38 30 1

Cerebral malformations 0.38 31 2

Febrile convulsions at body temperature ≤ 38.5°C 0.37 28 1

Family history of epilepsy 0.32 48 2

Severe infections of lower airways with high body temperature  
in a child – ≥ 5 times per year

0.32 64 38

Severe infections with high body temperature in pregnant women 0.31 58 34

DRE – drug-resistant epilepsy, DSE – drug-sensitive epilepsy
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when body temperature was below 38.5°C (Cramer’s 
V = 0.37). This was also confirmed by Geerts et al. [36]. 

According to Go, Gurruraj, and Kwan and Brodie 
[13, 17, 33], positive family history for epilepsy also 
prevents treatment of epilepsy from being successful, 
which was confirmed in the group of children anal-
ysed by us (Cramer’s V = 0.32).

Encephalitis/cerebrospinal meningitis in early 
childhood is another important risk factor for drug re-
sistance in epilepsy, which requires special attention 
(Cramer’s V = 0.32). Melila et al. demonstrated that 
abnormalities in the CNS resulting from blood-brain 
barrier dysfunction after encephalitis in early child-
hood can cause continuous inflow of cytokines, anti-
bodies, and other blood components. Consequently, 
they increase the frequency of epileptic seizures and 
the prevalence of their neurological sequelae [34]. 
A  growing number of scientific reports support the 
hypothesis which emphasises the significance of im-
munological aetiology of epilepsy. The influence of 
immune system activity on epileptogenesis was con-
firmed in studies that demonstrated that during the 
formation of an epileptic focus we can observe a pro-
liferation and activation of astrocytes and microg-
lia, an increase of blood-brain barrier permeability, 
and an increase of proinflammatory factors – IL-1B, 
TNF-α, and IL-6 [37]. Most recent studies have shown 
that cyclooxygenase-2, induced by proinflammatory 
factors and responsible for prostaglandin synthesis, 
regulates the activity of P-glycoprotein – a  protein 
found in the endothelial top layer of capillary vessels 
included in the blood-brain barrier. P-glycoprotein 
plays a crucial role in the phenomenon of multidrug 
resistance; therefore changes in its activity affect the 
resistance to antiepileptic drugs [38]. More evidence 
confirming the relation between drug resistance and 
inflammatory factor is the reaction of drug-resistant 
epileptic syndromes to treatment with ACTH, glyco-
corticosteroids, and large doses of intravenously ad-
ministered immunoglobulins [39]. 

Additionally, there were risk factors for drug resis-
tance in epilepsy, which have so far been rarely men-
tioned or not mentioned at all in literature but were 
found to be significant in our study. This includes 
infections with high fever in the mother during preg-
nancy (58% of children with drug-resistant epilepsy), 
inflammatory diseases and severe infections involv-
ing high fever in the child’s early childhood (64% of 
children with drug-resistant epilepsy). The influence 
of these factors was not high (Cramer’s V = 0.31 and 
0.32) but they were found in a large proportion of ill 
children. 

Among the patients included in the study there 
were no cases of drug resistance related to labour and 
perinatal pathologies. Studies conducted by Akhon-
dian et al. [18] in a  population of patients at devel-
opmental age indicated that drug resistance is more 
common in males, whereas the study conducted in 

2013 by Kalinin et al. [40] in a  population of adults 
showed a higher prevalence of drug resistance in fe-
males than males. 

Conclusions 

The study confirmed the influence on drug resis-
tance of already-known factors such as the follwing: 
high frequency of seizures and a  large number of 
antiepileptic drugs applied during the first year of 
treatment, type of epileptic syndrome, psychomotor 
developmental delay, occurrence of status epilepticus, 
symptomatic aetiology, polymorphism of seizures, 
abnormalities in neurological examination, and ab-
normalities in imaging examinations. Inflammatory 
and infectious illnesses (especially encephalitis/cere-
brospinal meningitis) in early childhood worsen the 
prognosis in epilepsy. It has been proven that drug 
resistance is related with risk factors not recognised 
so far such as severe infections involving high fever 
in early childhood (at least five times in a year) and 
severe infections with high fever during the mother’s 
pregnancy. 
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