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Abstract

Background Despite the plethora of pharmacotherapy and acquisition of new AEDs, there is a hard core of patients
who persistently fail to respond to optimal treatment and continue to suffer from refractory seizures. We aimed

to study the prevalence and risk factors for development of drug-resistant epilepsy (DRE). All adult patients with epi-
lepsy (PWE) who attended the epilepsy outpatient clinic and were maintained on at least two anti-epileptic drugs
(AEDs) were profiled for drug response in accordance with the International League against Epilepsy (ILAE) 2010
consensus definition for DRE. Data collected included demographics, detailed history of seizures, medications history,
past medical and psychiatric history, electroencephalogram, and brain imaging findings.

Results The prevalence rate of DRE was 21.3% in the study population. Significant variables on univariate analysis
were the following: male gender (OR: 5409, Cl 1.661-17.617, p<0.005), presence of GTC (OR: 4.187, Cl 1.304-13.445,
p<0.016), no change in frequency after AEDs use (OR: 4.465, Cl 1.211-16.468, p < 0.025), bad response to first AEDs
(OR:9.000, Cl 2.437-33.244, p <0.001), presence of developmental delay (OR: 10.612, Cl 1.347-83.589, p < 0.025), pres-
ence of abnormal neurological examination (OR: 4.227, Cl 1.145-15.601, p < 0.030), generalized epilepsy (OR: 3.886, Cl
1.141-13.233, p<0.030), presence of structural etiology (OR: 3.467, Cl 1.152-10.431, p<0.027), abnormal EEG find-
ings (OR: 3.467,Cl 1.152-10.431, p<0.027), presence of focal activity in EEG (OR: 5.344, Cl 1.155-24.713, p<0.032),

and abnormal imaging findings (OR: 3.524, CI 1.083-11.473, p <0.036). In the logistic regression analysis, two variables
were statistically significant: bad response to the first AED and no change in seizure frequencies with treatment. Our
study showed that older age at seizure onset was a protective factor for DRE.

Conclusions The current study suggests that significant risk factors for DRE are younger age at epilepsy onset, poor
response to first AED and lack of change in seizure frequencies after adjusting treatment.

Background

According to the World Health Organization, epilepsy
is considered as one of the most common neurological
diseases worldwide [1]. In the recently published report
on the global burden of epilepsy, number of patients with
active epilepsy was around 45.9 million globally [2] and

*Correspondence:

Dina Elsayed Gaber

dina.gaber@alexmed.edu.eg

! Department of Neurology, Faculty of Medicine, Alexandria University
Hospital, Alexandria, Egypt

@ Springer Open

about 4.6 million develops the condition each year [3].
Nearly, 80% of those with epilepsy live in low- and mid-
dle-income countries (LMIC), where epilepsy prevalence
and incidence rates are higher than in high-income coun-
tries (HIC) [4].

Despite the plethora of pharmacotherapy and acquisi-
tion of new AEDs, there is a hard core of patients who
persistently fail to respond to optimal treatment and con-
tinue to suffer from refractory seizures [5]. They are clas-
sified as having drug-resistant epilepsy, a diagnosis with
adverse prognostic implications [6].
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Various terms have been used to describe this form of
epilepsy in the literature, such as intractable, refractory,
or pharmacoresistant. This inconsistency in definitions
represented a major obstacle in DRE research; therefore,
a unified definition was needed [7]. In 2010, the ILAE
published a consensus definition of DRE as failure of
adequate trials of 2 tolerated, appropriately chosen, and
used AED schedules (whether as monotherapies or in
combination) to achieve sustained seizure freedom for 12
months, or 3 times the inter-seizure interval before treat-
ment started whichever is longer [8].

Limited data are available about the proportion of
patients with DRE among the Egyptian population.
Moreover, the predictors of response to epilepsy treat-
ment are very diverse in different populations. Therefore,
having hospital-based data are of paramount importance
not only to establish predictive factors of DRE but also to
help steering the treatment pathway of high-risk patients
toward more individualized and specialized interventions
[9, 10].

Therefore, we conducted this study to identify the prev-
alence of patients with DRE and to determine the predic-
tors of intractability.

Methods

This was a cross-sectional cohort study. We included
patients older than 18 years of age who were diagnosed
with epilepsy and was taking at least two AED at the time
of evaluation. These patients were recruited from the
university outpatient clinics.

Ethical approval was obtained from the University
ethical committee (EC) which operates according to
the International Conference of Harmonization Good
Clinical Practice (ICH GCP) and applicable local and
institutional regulations and guidelines [11]. Date of the
approval 17\9\2020 serial number 0106524.

A written informed consent was obtained from all sub-
jects prior to recruitment to the study.

The diagnosis of DRE was determined according to
the ILAE criteria [5] and the patients were categorized
into three groups: drug-responsive, drug-resistant, and
undefined.

An interview questionnaire was used to gather the data
from each patient and the following data were obtained:
individual demographics (age, gender, education level,
employment, marital status, smoking), Seizure history
(age at onset, seizure type, initial seizure frequency, age
at diagnosis and years of evolution, presence of neo-
natal seizures, febrile seizures, status epilepticus, fre-
quency of seizures at the time of evaluation, maximum
period of seizure freedom), history of AED use (duration
between onset of seizures and start of treatment, anti-
epileptic drugs used, dose, frequency, response, adverse
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effects, add on treatment, interval between each subse-
quent drug added and change in frequency after each
drug added), Family history of epilepsy or consanguin-
ity, history of developmental delay, medical and surgical
history, comorbid psychiatric conditions, Information
regarding the etiology of epilepsy including any history
of CNS infections, head trauma, cerebrovascular disease,
cerebral neoplasm malignant or benign, CNS operations,
perinatal insults (pregnancy complications, asphyxia dur-
ing birth, or neonatal hypoxia), Epilepsy syndromes cat-
egorized according to ILAE classification and reported
as genetic, structural-metabolic, and unknown, all rel-
evant investigations including EEG for all patients, Imag-
ing (CT or MRI) when structural epilepsy was suspected,
IQ testing and serum level of anti-epileptic drugs if non-
compliance or toxicity was suspected. A complete neuro-
logical examination was performed for each patient.

Descriptive statistics were used to assess distribu-
tion and frequencies. Data were fed to the computer
and analyzed using IBM SPSS software package version
20.0. (Armonk, NY: IBM Corp). Qualitative data were
described using number and percentage. The Kolmogo-
rov—Smirnov test was used to verify the normality of dis-
tribution. Quantitative data were described using range
(minimum and maximum), mean, standard deviation,
median and interquartile range (IQR). Afterward, a logis-
tic regression analysis with drug resistance as depend-
ent variable (drug-resistant versus drug-responsive) was
calculated. The significance of the obtained results was
judged at the 5% level.

Results

Total number of 352 adult patients with epilepsy were
identified during the study period and 34% of these
patients (n=120/352) patients were classified as unde-
fined (insufficient history regarding compliance to
medication and seizure frequency) and excluded from
the analysis, 142 (40.3%) were drug-responsive, and 90
(25.5%) were drug-resistant.

Table 1 shows the demographic data of the study
group. The drug-resistant group consisted of 46 males
(51.1%) and 44 females (48.9%). The mean age (in years)
was 34.52+13.65. The mean age at onset of epilepsy in
the drug-resistant group was significantly lower than the
drug-responsive group 13.71+12.92 versus 21.20+12.32,
respectively, p <0.001*.

Initial seizure frequency was significantly higher in the
DRE group p=0.003 *as shown in Table 2.

28.9% presented with status epileptics in the DRE in
comparison with only 12% in the drug-responsive group
and this was statistically significant p =0.001*as shown in
Table 3.
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Table 1 Demographic data

DRE (n=90) Drug-responsive P
(n=142)

n % n %
Gender
Male 46 51.1 78 549 0570
Female 44 489 64 45.1
Age (years)
Min—Max 18.0-77.0 18.0-79.0 0.005"
Mean +SD 34.52+13.56 39.81+14.72
Marital status
Single 41 456 68 479 0.729
Married 49 544 74 52.1
Employment
Not working 74 822 108 76.1 0.266
Working 16 17.8 34 239
Education
llliterate 35 389 42 296 0134
Primary 11 12.2 9 6.3
Preparatory 13 144 19 134
Secondary 26 289 59 41.5
College 5 56 13 9.2
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Abnormal EEG finding were among 71.1% in the DRE
group, and this was statistically significant <0.001*, focal
seizures was more prevalent among drug-resistant group
than drug-responsive group and this was statistically sig-
nificant p=0.028* (Table 4).

The most common manifested seizure type was focal
to bilateral tonic—clonic (61.1%). 33 (36.7%) DRE patients
and 42 (29.6%) drug-responsive patients had a history
of previous neurological insults. In the subgroup analy-
sis, perinatal insults were the most common cause in the
DRE group.

The most common etiology of epilepsy was structural—
metabolic in the DRE group 53 (58.9%), and 42 (43.8%) in
the drug-responsive group (Table 5).

Failure to respond to the first AED was significantly
higher in the DRE group compared to the drug-respon-
sive group (60% versus 35.9%) p <0.001* (Table 6).

Neuroimaging was done in all patients in the DRE
group and in 105 patients of the drug-responsive group.
35 (38.9%) DRE patients and 44 (41.9%) drug-responsive
patients had abnormal findings. Encephalomalacia was
the most common abnormal finding in both groups.

Table 2 Comparison between the two studied groups according to the initial seizure frequency

Drug-resistant group Drug-responsive group X p
(n=90) (n=142)
n % n %
Initial frequency
Daily 8 89 0 0.0 30968 Yoo oo
Weekly 36 400 42 296 <0.001
Monthly 46 51.1 80 56.3
Yearly 0 0.0 20 14.1
Daily/weekly 44 489 42 296 8806 0.003"
Monthly/yearly 46 511 100 704

X Chi-square test, MC Monte Carlo
p: p value for comparing between the studied groups
" Statistically significant at p <0.05

Table 3 Comparison between the two studied groups according to the history of neonatal seizures, febrile seizures, and status

epilepticus
Drug-resistant group Drug-responsive group X p
(n=90) (n=142)
n % n %
Neonatal seizures 10 1.1 13 9.2 0.236 0.627
Febrile seizures 17 189 29 204 0.082 0.775
Status epilepticus 26 289 17 120 10441° 0001

X Chi-square test
p: p value for comparing between the studied groups

" Statistically significant at p <0.05
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Table 4 Comparison between the two studied groups according to the EEG findings
Drug-resistant group Drug-responsive group X p
(n=90) (n=142)
n % n %
EEG
Normal 26 289 82 57.7 18437 <0.001"
Abnormal 64 71.1 60 42.3
Focal 23 359 11 183 4822 0028
Generalized 41 64.1 49 817
X Chi-square test, MC Monte Carlo
p: p value for comparing between the studied groups
" Statistically significant at p <0.05
Table 5 Comparison between the two studied groups according to the etiology of epilepsy
Etiology Drug-resistant group Drug-responsive group X p
(n=90) (n=142)
n % n %
Structural/metabolic 53 589 62 437 9.068" 0011
Presumed genetic 21 233 29 204
Unknown 16 17.8 51 359
Table 6 Comparison between the two studied groups according to the response to the first AED used
Drug-resistant group Drug-responsive group X p
(n=90) (n=142)
n % n %
Response to 1st AED
Bad 54 60.0 51 359 12.897 <0.001*
Good 36 40.0 91 64.1

X% Chi-square test
p: p value for comparing between the studied groups
" Statistically significant at p <0.05

Eighty patients (83.3%) started AED treatment with
the onset of seizures or shortly afterward, while the
use of AED was delayed in 16 (16.7%) patients. Sodium
valproate was the first AED prescribed to 42 patients
(43.8%), followed by carbamazepine in 34 (35.4) and lev-
etiracetam in 16 (16.7). The second most common AED
prescribed was carbamazepine then levetiracetam, and
sodium valproate.

The most common combinations of drugs were carba-
mazepine + sodium valproate, carbamazepine + leveti-
racetam, and sodium valproate +levetiracetam. Change
in the seizure frequencies after add-on treatment was
observed in 38 (39.5%) who achieved lower frequency,
while 58 (60.41%) did not achieve significant change in
their frequencies after added treatment.

Regarding univariate analysis of risk factors for DRE.
Table 7 shows that from the initial univariate analysis,
several variables were found to be significantly associ-
ated with developing DRE, these include Age (OR: 0.974,
CI0.955-0.993, p<0.007), Age of onset (< 10 years) (OR:
4.022, CI12.152-7.517, p<0.001). Initial frequency (daily/
weekly) (OR: 2.277, CI (1.316-3.941), p<0.003). Maxi-
mum seizure-free period (< 1 year) (OR: 5.501, CI (2.355—
12.851), p<0.001). History of Status epilepticus (OR:
2.987, CI (1.511-5.905), p<0.002). Bad response to the
first AED (OR: 2.676, CI (1.554—4.609), p<0.001). Struc-
tural etiology (OR: 1.848, CI (1.082-3.156), p<0.024).
Abnormal EEG (OR: 3.364, CI (1.913-5.916), p<0.001).

Regarding multivariate analysis, Table 7 shows that the
variables that showed significant association with DRE in
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Table 7 Univariate and multivariate logistic regression analyses for drug-resistant epilepsy regarding different parameters

Univariate *Multivariate

p OR (95%Cl) p OR (95%Cl)
Female 0.570 1.166 (0.687-1.979)
Age (years) 0.007" 0.974 (0.955-0.993) 0421 0.990 (0.966-1.014)
Age of onset (< 10 years) <0.001" 4022 (2.152-7.517) 0.058 2.097 (0.975-4.509)
Epilepsy duration 0.137 1.017 (0.995-1.039)
Focal seizure type 0.334 1.319(0.752-2.311)
Initial frequency (daily/weekly) 0.003" 2277 (1316-3.941) 0.683 1.293 (377-4.429)
Max-free period (< 2 years) <0.001" 5.501 (2.355-12.851) <0.001" 26.738 (7.374-96.951)
History of neonatal seizures 0.628 1.240 (0.519-2.962)
history of Febrile S 0.775 1.102 (0.566-2.147)
History of SE 0.002" 2.987 (1.511-5.905) 0.331 1.697 (0.584-4.928)
Duration till AED use Delayed 0217 1.675 (0.739-3.800)
Bad response to 1st AED <0.001" 2676 (1.554-4.609) 0.035" 4.366 (1.111-17.155)
History of neurological insult 0.261 1.378(0.787-2.413)
Etiology
Structural/metabolic 0.024" 1.848 (1.082-3.156) 0.075 0.340(0.104-1.114)
Genetic 0.600 1.186 (.628-2.241)
Abnormal EEG <0.001" 3.364 (1.913-5.916) 0.135 2.358(0.767-7.252)
Abnormal imaging findings 0.669 0.882 (0.497-1.567)
Developmental delay 0.141 1.583(.859-2.918)

OR Odd’s ratio, CI Confidence interval, LL lower limit, UL upper limit
# All variables with p < 0.05 were included in the multivariate

" Statistically significant at p <0.05

the univariate analysis were entered into the multivariate
analysis. Only two variables remained significantly asso-
ciated with DRE: bad response to the first anti-epileptic
drug (OR: 4.366, CI (1.111-17.155), p<0.035) and less
than 1-year maximum seizure-free period (OR: 26.738,
CI (7.374-96.951), p<0.001). Further data can be pro-
vided upon request.

Discussion

In the current study, the prevalence of DRE was 21.3% of
the study population. The percentage was similar to that
reported by previous cohort studies conducted in refer-
ral centers by Kong and colleagues and by Espinosa and
colleagues (both used ILAE DRE definition) in which the
prevalence was 21.5% and 27.1%, respectively [12, 13].

It was also congruent to the rate of intractable seizures
in a Glasgow study (25%) and a French study (prevalence
ranged from 15.6% to 22.5%) [14, 15].

However, it was significantly higher than that
reported in a previous community-based study in Egypt
by Farghaly and colleagues, in which the prevalence
of definite intractable patients was 11.4% [16]. This
discrepancy can be explained by the difference in the
study setting (clinic-based versus population/commu-
nity-based) with a strong selection bias in clinic-based

studies resulting in higher prevalence rates, especially
that patients with more severe and poorly controlled
epilepsy are more likely to be followed in specialized
centers [17].

Previous studies have reported a slight predominance
of epilepsy in males compared to females [18]. In our
study, there was slight female predominance; however,
male gender was found to be a risk factor for DRE in the
univariate analysis but did not remain significant in the
multivariate analysis. This result was similar to the find-
ings of Farghaly and colleagues and Chentouf and col-
leagues [19].

In our study, older age was less associated with DRE,
and it remained a significant protective factor in the mul-
tivariate analysis. This finding comes in agreement with
the existing evidence showing that elderly patients have
a lower risk for DRE compared to younger patients and
seizure control can often be achieved with lower doses of
AEDs in this age group [20, 21].

It is known that the duration of epilepsy has an impact
on disease severity. In our study, patients with DRE had
4 years more of evolution in average compared to those
without DRE. Similar findings were reported by a study
of drug-resistant focal epilepsy (DRE group had 6 years
more of evolution) [22] and in another study on patients
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with generalized epilepsy, where patients with DRE had
more years of evolution (24.1 versus 14.7) [23].

Age of epilepsy onset has been suggested to be a
major predictor of pharmacoresistance. Multiple stud-
ies showed that DRE was associated with younger age at
the onset especially in the first year of life [24—26]. In our
study, age at onset of epilepsy was significantly associated
with DRE only in the univariate analysis with marginally
negative influence (odds ratio =0.94).

In this study, the etiology of epilepsy was a significant
factor affecting the prognosis. Structural/metabolic etiol-
ogy was identified in 52% of the intractable group com-
pared to 23% of the controlled group. Moreover, this
study demonstrated that the presence of neurological
deficit and abnormal imaging findings were associated
with DRE. These findings coincide with the results of a
systemic review by Sultana and colleagues which found
that the most frequent reported correlates and predictors
of DRE included symptomatic epilepsy and having a neu-
rological deficit [17].

On the other hand, presumed idiopathic/genetic etiol-
ogy is classically considered as a relatively benign con-
dition and has been previously reported as a protective
factor that decreases the risk for DRE [27]. Furthermore,
according to a retrospective study by Jiyang and col-
leagues, idiopathic etiology was not associated with poor
outcome on both short-term and long-term prognosis in
newly diagnosed patients [28]; similarly, in the current
work, idiopathic/genetic etiology was a protective fac-
tor against intractability (OR: 0.322, CI 0.117-0.888, p
0.028).

The relation between seizure type and intractability
has been inconsistent in previous studies, some show-
ing an increased risk in patients with focal epilepsy [17],
whereas others have found a relation between DRE and
multiple seizure types [29]. In our study, 89% of the
intractable group had generalized seizures and this was
significantly associated with DRE, as demonstrated by
both univariate and logistic regression analysis.

In the current study, intractable cases had higher initial
seizure frequencies (10.7% had daily seizures and 34.7%
had weekly seizures), and in the univariate analysis, this
was significantly associated with drug resistance. These
findings come in agreement with Tripathy et.al and Far-
ghaly et.al who found a similar significant association
between initial seizure frequency and intractability [29,
30].

Several studies found a relationship between status epi-
lepticus and intractability. These results were consistent
for both adults and children [30]. It could be explained
in a bidirectional effect as on one hand, intractability
leads to more seizures, SE, therefore, more brain damage
and on the other hand, SE especially if prolonged leads
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to neuronal death, epileptogensis and further intractabil-
ity. However, in the current study, SE was not a predic-
tive factor for DRE. This finding comes in agreement with
Tellez-Zenteno and colleagues who found no association
[31].

In a systemic review by Xue ping and colleagues in
2019, EEG abnormality (including slow wave and epi-
leptiform discharge) was reported to be a predictor for
intractability [17, 29].

In the current study, there was an association between
abnormal EEG findings and DRE in the univariate analy-
sis and when EEG abnormalities were analyzed sepa-
rately, only focal epileptic activity was a predictive factor
for DRE and this comes in line with the aforementioned
risk factors and points toward the idea that a structural/
metabolic etiology of epilepsy especially when it results
in neurological or electrophysiological abnormities is
predictive of a more severe course of epilepsy [17].

In the current study, the diagnosis of epilepsy and start
of treatment were delayed in a minority of cases and this
delay was not associated with increased risk of DRE. This
comes in concordance with a study by Parviainen and
colleagues, who assessed the diagnostic delay in a cohort
of newly diagnosed patients with focal epilepsy, and
found no statistically significant association between the
diagnostic delay and poor prognosis [32].

Failure of response to the first AED is a powerful prog-
nostic factors influencing subsequent evolution and
appearance of pharmacoresistance [33]. Kwan and Bro-
die reported that among patients who failed to respond
to the first drug; only 11% of such patients subsequently
became seizure-free compared to 40-55% of those who
fail due to side effects. Furthermore, only 13% responded
to the second AED and only 3% became seizure-free with
two drugs [8].

In the current work, 60% of the intractable group
failed to respond to the first AED and about 43% did not
achieve lower seizures frequency with subsequent drugs.
Both factors were predictors of DRE in the univariate
analysis; however, no change in seizures frequency with
add-on treatment remained statistically significant in the
multivariate analysis.

Prescence of developmental delay is one of the most
reported predictive factors for DRE in the pediatric
population [34]. Some studies have shown that develop-
mental delay is a common co-morbidity in patients with
epilepsy compared to the general population [7, 35]. Sim-
ilar to previous studies in adult patients, developmental
delay has been significantly associated with DRE in the
current work [23, 36].

Several other clinical variables have been associ-
ated with pharmacoresistance in the literature, such
as family history of epilepsy, febrile seizures in infancy
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and psychiatric comorbidities [22]. The current work
did not identify a statistically significant association
between these factors and DRE.

Conclusion

The current study suggests that significant risk fac-
tors for DRE are younger age at epilepsy onset, poor
response to first AED and lack of change in seizure fre-
quencies after adjusting treatment.
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