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Abstract

Background Drug resistance has been a global burden in the management of epilepsy. It is desirable if this could
be predicted earlier in the course of management to give time for alternative and a more definitive mode of manage-
ment, such as epilepsy surgeries.

Methods We conducted a systematic review and meta-analysis to investigate the relationship between elevated age
at the onset of the first seizure or cortical imaging abnormalities and the development of drug resistance in epilepsy.
We performed a systematic search in PubMed, EMBASE, and SCOPUS databases for studies investigating the predic-
tive utility of age of onset or cortical imaging abnormalities on drug resistance.

Results Odds ratios (ORs) and hazard ratios (HRs) with 95% confidence intervals (Cls) were extracted and analyzed
by the RevMan 5.4 software. Meta-analysis was done across 12 studies involving 5315 patients. Age of onset of sei-
zures younger than 5 years was found to be associated with the development of drug resistance (OR: 0.685, 95%
C10.410-0.960), also cortical imaging abnormalities were found to be associated with the development of drug
resistance.

Conclusion Children with early onset seizures could better from neurosurgical management than pharmacological
management as the early age of onset was associated with drug resistance and cortical abnormalities on neuroimag-
ing could be an indication for neurosurgical management of epilepsies.

Introduction

Epilepsy is one of the most well-known neurological
chronic disorders, having an estimated prevalence of 0.
5-1%. Presently, treatment choices for epilepsy are pre-
dominantly based on the presenting symptoms. Seizure
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one-third of epilepsies remain drug-resistant [2]; the
effects of this on the patients are adverse effects of the
drugs the patients are being exposed to despite not offer-
ing therapeutic advantage on the progression of their
disease states and also on the cost in purchasing those
drugs. There is a need for an effective prognostic tool
that would facilitate earlier and easier identification of
patients who will be refractory to medication to be con-
sidered for neurosurgery.

The age of onset is the age of the patient when they
notice the first symptoms of epilepsy [3]. In recent years,
age of onset has been used in prognosticating some
neurological conditions such as cancer, stroke, suba-
rachnoid haemorrhage, gliomas, amyotrophic lateral
sclerosis (ALS), acute neurological emergencies, and
brain metastasis [4—10]. Also, cortical structural abnor-
malities such as sclerosis, cortical thinning, and other
imagining abnormalities of the cerebral cortex especially
those involving the temporal lobe have been reported in
patients with refractory epilepsy [11, 12]. However, the
association between age of onset or cortical structural
abnormalities and clinical prognosis in the management
of epilepsy and determination of refractory epilepsy has
not been established. Hence, we will be carrying out a
meta-analysis to analyze existing evidence and evaluate
the relationship between age of onset, cortical structural
abnormalities, and the development of refractory in epi-
lepsy. If a meta-analysis is not possible then we will fol-
low the SWiM guidelines [13].

Study aims

+ To assess the independent relationship between the
age of onset of the first seizure and the development
of drug resistance.

+ To assess the independent relationship between cor-
tical abnormalities found on imaging and the devel-
opment of drug resistance.

+ To aid patient selection for neurosurgical manage-
ment of epilepsies.

+ To reduce the burden of drug resistance in epilepsy.

Methods

The protocol was conducted using Arksey and O’Malley’s
framework [14] and involved the five stages: (i) identify
the research question, (ii) identify relevant studies, (iii)
select studies, (iv) chart the data, and (v) collate, summa-
rize and report the result.

Literature search

We performed a comprehensive literature search using
the PubMed, SCOPUS, and EMBASE databases from
inception till June 9, 2022. We searched the abstracts/
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titles/ keywords on these databases as follows: ((Age of
onset) OR (Age at Inception)) AND ((Cortical Sclerosis)
OR (Lobar Sclerosis) OR (Temporal Sclerosis) OR (Cor-
tical Thinning) OR (Abnormal Cortical Imaging)) AND
((Pharmacoresistant Epil*) OR (Refractory Epil*) OR
(Intractable Epil*) OR (Untreatable Epil*) OR (Uncon-
trollable Epil*))NOT ((Brain Tumor) OR (Stroke)). The
Prisma flow diagram was generated using PRISMA2020
reported in Fig. 1 below [15].

Inclusion/exclusion criteria
We apply the standard PICO (Population, Intervention,
Comparator, and Outcome) protocol with:

(a) P (population)—patients with epilepsy.

(b) I (intervention)—development of drug resistance
epilepsy.

(c) C (comparator)—we searched for studies compar-
ing patients with refractory and non-refractory epi-
lepsy.

(d) O (Outcome)—an association between age of onset
or cortical imaging abnormalities and DRE.

A study was included if it met the following criteria:
(1) included patients with any type of seizure that has
never undergone surgery; (2) evaluates the relationship
between refractory as an outcome and age of onset; (3)
evaluates the relationship between refractory as an out-
come and cortical imaging abnormalities and (4) English
language and full text available. Exclusion criteria were
(1) review articles, expert opinions, letters, conference
abstracts, case reports, or editorials; or (2) non-human
subjects; (3) epilepsy secondary to surgery or (4) age of
onset or cortical sclerosis used for diagnostic purposes
and/or assessment of disease severity only.

Study selection

Duplicates were excluded in Mendeley (Elsevier, London,
UK). The abstracts were screened independently by eight
of the authors using Rayyan software. The abstracts were
divided into four groups, and each group of abstracts was
reviewed by a pair of authors, with a third author (KA)
adjudicating any discrepancies. Full texts of potentially
relevant studies were assessed (KA).

Data extraction

Data extraction was conducted independently by eight
of the authors using a predesigned standardized data
extraction proforma. The eligible full texts were divided
into three groups, and data extraction from each group of
full texts was performed by a pair of authors, with a third
author adjudicating any discrepancies. The data extracted
were title, author, year of publication, study design, study
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Fig. 1 PRISMA chart [15]

population (sample size, gender, age, average age of onset
value, types of seizure, cortical involvement, part of cer-
ebral cortex involved, treatment received, geographical
location), inclusion criteria, exclusion criteria, exclusion
of patients with post-surgical epilepsy, length of follow-
up, the incidence of event/ non-event, event ratio (with
95% confidence interval), days of presentation from the
initial onset of symptoms. Multivariate data were pre-
ferred to univariate data if both were provided. However,
univariate data were acceptable if no multivariate results
were presented.

Statistical analysis and data synthesis

For the studies that did not report event ratio or AUC,
but provided individual patient data, we conducted
multiple logistic regression analyses while adjusting for
the variables controlled by the authors of those studies.
Logistic regression analysis was conducted on IBM SPSS
Statistics 27 (Windows).

We conducted meta-analyses using the Review Man-
ager (RevMan) software (Version 5.4, Copenhagen:
The Nordic Cochrane Centre, The Cochrane Collabo-
ration). Where meta-analysis was possible, for each
outcome measure, extracted OR/HR and correspond-
ing 95% confidence interval (CI) were pooled using
the generic inverse-variance methods to evaluate the
association between early age of onset and/or corti-
cal imaging abnormalities with drug resistance in epi-
lepsy. We evaluated heterogeneity among the studies
using the Cochrane Q-statistic and I* statistic tests. A

random-effects model was used to account for study
heterogeneity. To identify and minimize heterogene-
ity, we conducted subgroup analyses of the studies that
investigated similar outcome measures in patients with
similar spine conditions/procedures.

For some outcome measures, only a few articles
reported event ratio, hence conducting meta-analyses
was not possible for these outcomes. Thus, a narrative
synthesis using the SWiM reporting guideline was con-
ducted for each outcome measure [15]. Based on differ-
ence measures between outcome event and non-event
groups (event ratio, mean/median difference, p-values),
we summarized the direction of the effect of age of
onset and cortical imaging abnormalities on the out-
come (development of drug resistance) and synthesized
forest and funnel plots using Jamovi Software (Version
2.4) [16].

The Newcastle—Ottawa Scale (NOS) was used to
evaluate the risk of bias in the included studies [17].
The risk of bias assessment was conducted indepen-
dently by eight of the authors. The eligible full texts
were divided into three groups, and the risk of bias
assessment was performed by three authors, with a
fourth author (KA) adjudicating any discrepancies.
Studies with NOS scores of 0-3, 4-5, 6-7, and 8-9
were considered unsatisfactory, satisfactory, good qual-
ity and very good quality, respectively. We conducted
sensitivity analysis by repeating our primary analysis
after excluding the studies considered unsatisfactory or
satisfactory (NOS scores: 0-5).
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Results

Study selection

The search generated 419 results. A total of 13 dupli-
cates were removed using Mendeley (Elsevier, Lon-
don, UK), resulting in 406 unique studies. Following
the abstract/title screening, 12 articles were found to
meet our selection criteria. On full-text screening, four
studies were excluded for not striking the relationship
between age of onset or cortical imaging abnormali-
ties with drug resistance. The full summary of findings
of all included articles is provided in Additional file 1.
In total, 12 studies consisting of 5315 patients were

Table 1 Characteristics of studies
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included. The characteristics of the included studies are
shown in the table below (Table 1).

Description of included studies
Three studies were conducted in the United States of
America [20, 23, 24]. There were two studies from Italy
[21, 26], two from India [22, 29], two from Turkey [25,
28], one from China [18] one from Egypt [19], and one
from Spain [26]. This review includes eight case—con-
trol studies [18-21, 25, 26, 28, 29], and four prospective
cohort studies [22—24, 27].

All 12 studies evaluated the association between the
age of onset and development of drug resistance [18—29],

Author Year Country Study design  Medical Types of Sample size Mean age/ Male-to-female
condition seizures median agein ratio(M/F)
years
Chen [18] 2021 China Retrospective Epilepsy - 141 Mean (£SD) 89/52
case—control 3349 (+142)
Taghreed | [19] 2018 Egypt Retrospective Refractory Partial seizure, 186 Mean (+SD) 118/68
case-control epilepsy generalized 93 case 5.7 (£3.0) refrac-
seizure, multiple 93 control tory group
seizure 54 (%29
responsive
group
Jeong [20] 2017 USA and Bel- Retrospective Epilepsy Infantile seizure, 1546 Median (IQR) 803/743
gium case—control and tuber- focal seizure, 16 (9.6 - 25.5)
ous sclerosis others
complex
Gasparin Sara 2013 ltaly Retrospective Cryptogenic - 186 Median (IQR) 105/81
[21] case—control focal epilepsy 25(9-99)
Rawat [22] 2018 India Prospective Epilepsy - 1056 Median (IQR) 665/391
cohort 20 (5-67)
Berg [23] 2011 USA Prospective Epilepsy - 613 - -
cohort
Berg [24] 2014 USA Prospective Epilepsy - 599 - 307/292
cohort
Karaoglu [25] 2021 Turkey Retrospective Epilepsy - 458 Mean (+SD) 248/210
case—control 737 (£4.72)
Lattanzi [26] 2021 ltaly Retrospective Post-stroke Focal onset, 159 - 104/55
case—control epilepsy focal to bilateral
tonic—clonic,
generalized,
unknown
Ramos-Lizana 2009 Spain Prospective Epilepsy Partial, general- 343 Mean (£5D) 191/152
[271 cohort ized 4.8(+£3.8)
Ayca [28] 2019 Turkey Retrospective Epilepsy Generalized 241 Mean (+SD) 130/111
case—control tonic—clonic, 7.00 (+4.36)
myoclonic Intractable
group
7.00 (+4.36)
Control group
Tripathi [29] 2011 India Retrospective Intractable epi-  Generalized, 400 - Case 142/58
case—control lepsy and well-  partial, myo- 200 intractable Control 128/72
controlled clonic, other/ 200 control
epilepsy mixed

SD standard deviation, /QR interquartile range, USA United States of America



Alare et al. Egypt J Neurol Psychiatry Neurosurg (2024) 60:5

while five studies also evaluated the association between
cortical imaging abnormalities and with development of
drug resistance [18, 25, 27-29].

Association between age of onset and drug resistance

The 12 studies [18-29] involving 5315 patients investi-
gated the association between age of onset and develop-
ment of drug resistance in epilepsy patients. Four studies
show a significant association between the age of onset of
seizure lesser or equal to 1 year of age and the develop-
ment of drug resistance [19, 20, 27, 28], a study reported
the association between age of onset lesser or equal
to 2 years and the development of drug resistance [23],
another study stated a significant association between
age of onset lesser than 5 years and development of drug
resistance [22], also another reported that age of onset
of seizure lesser than 14 years is associated with drug
resistance [29], a study done in stroke patients with epi-
lepsy reported that early age of onset of seizure in these
patients was associated with the development of drug
resistance [26], another study reported that early age of
onset of seizure is generally associated with the develop-
ment of drug resistance [25], while no association was
found in two studies [18, 21]. Table 2 shows the findings
of the studies.

After pooling the event ratios, we found that early age
of onset (especially age of onset between 0 and 5 years) is
significantly associated with development drug resistance
(OR: 0.685, 95% CI 0.410-0.960), shown in Table 3. There
was substantial between-study heterogeneity (t*>=0.069;
I=99.55%; p<0.001) shown in Table 4. The forest plot
and funnel plot are shown in Fig. 2A, B below.

Association between cortical imaging abnormalities

and drug resistance

Five studies [18, 25, 27-29] involving 1,733 patients with
a mean follow-up across the studies was 4.41 +2.32 years,
investigated the association between cortical imaging
abnormalities and the development of drug resistance in
epilepsy patients. All five studies reported a significant
association between cortical imaging abnormalities and
the development of drug resistance [18, 25, 27-29], how-
ever multivariate analysis of one of the studies reveals no
association [27] shown in Table 5. The forest and funnel
plots are shown in Fig. 2C, D below. OR Odds Ratio, HR
Hazard Ratio

Discussion

In this systematic review and meta-analysis, we evaluated
the predictive utility of age of onset and/or cortical imag-
ing abnormalities on drug resistance in epileptic patients.
We found out that the early age of onset of seizures
younger than five years especially in infants predicts later
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development of drug resistance in epilepsy. This finding
is similar to other research, that focuses on cognitive per-
formance, and a systematic review done among tuberous
sclerosis patients with epilepsy [30-34]. While we did
not find any significant relationship between the age of
onset older than five years and the development of phar-
macoresistant epilepsy, however, a study shows that the
age of onset of seizure up to 9 years has a negative rela-
tionship with pharmacoresponsive epilepsy [35]. Younger
age of onset of seizures is clinically associated with drug
resistance [19, 20, 22-29]. Four of the studies set the
threshold of the age of onset to 1 year [19, 20, 27, 28], a
study set it at 2 years [24], another at 5 years [22], and
another at 14 years [29], while other studies did not set a
specific threshold.

Also, we found that the presence of abnormalities in
cortical imaging can be used in predicting the develop-
ment of drug resistance in epilepsy. This was in tandem
with another study that reported neuroimaging abnor-
malities as an important risk factor for the development
of drug resistance epilepsy [1], another also reported
a similar finding [36]. Imaging abnormalities reported
include epileptogenic structural lesions and other non-
specific lesions [29]; this is an independent indicator of
drug resistance in epilepsy.

Drug resistance is defined in most included studies fol-
lowing the International League Against Epilepsy (ILAE).
Villanueva and colleagues emphasized the unmet needs
of patients with drug-resistant epilepsy and stated that
predicting patients that will develop drug resistance will
go a long way in meeting such needs [37]. This is a novel
systematic review and meta-analysis that looks into a way
of predicting drug resistance in epilepsy using the age of
onset and neuroimaging abnormalities as two independ-
ent variables, to detect those that will develop resistance
to antiepileptic drugs (AEDs) early and offer them other
forms of therapy, especially neurosurgery.

Limitations

This review should be interpreted with consideration of
certain limitations. Firstly, although most of the included
studies had a low risk of bias, most of the studies were
retrospective and single-centered, and due to the small
number of studies per outcome measure, we were unable
to formally assess the presence and effect of publication
bias. Secondly, some relevant studies not written in the
English language may be missed during the process of
literature search. Also, being not specific with the corti-
cal imaging abnormalities could affect our analysis but
this may not be significant if a generalized association
is found and since will be reporting the abnormalities
included. There is a need to design more international
prospective multicentre clinical trials to investigate the
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Table 3 Mixed-effects model (k=10) of age of onset

Page 8 of 11

Estimate SE z Cl lower bound Cl upper bound
Intercept 0.6849 0.1405 4.88 <0.001 0410 0.960
Moderator —0.0430 0.0341 -1.26 0.207 -0.110 0.024
Tau? estimator: maximum-likelihood
Table 4 Heterogeneity statistics of age of onset
Tau Tau? 2 H? R? df Q p
0.253 0.0639 (SE=0.0292) 99.55% 220.133 13.98% 9.000 3622.119 <0.001
Table 5 Effect of cortical imaging abnormalities
Publication Length of follow-up Types of Numbers of patients Event ratio 95% ClI Inference
cortical with/without event
imaging
abnormalities
Chen [18] 4-9 years - 8/41 OR6.838(1.518,30.809) Imaging abnormalities are

Karaoglu [25] Median 46 months range -

(28-126 months)

Senem [28] 4 years - 49/192

Ramos-Lizana [27] Mean (+SD) (range) -
76.2(x35.2 SD) month
(24-139)

30/313

Tripathi [29] - Case:
Known
epileptogenic
structural
lesions (133)
None (26)
Nonspecific
41
Control:
Known
epileptogenic
structural
lesions(15)
None (63)
Nonspecific
(122)

200/200

Drug resistance 134/177
Drug receptive 108/281

p=0.012

OR 1.9(0.71-5.05)
p=0.0000
multivariate

OR: 37.55 (16.41-85.94)
p=0.000

Univariate analysis:
HR=5.0+p=0.000
Multivariate analysis:
HR=2.3+p=0.693

associated with drug resist-
ance

There is an association
between MRI abnormalities
and the development of drug-
resistant epilepsy

Abnormal imaging suggest-
ing Cortical involvement
was found to be associ-
ated with the development
of intractable seizure

Multivariate analysis shows
there is no relationship
between abnormal cortical
lesions and refractory epilepsy
while univariate does

Univariate There is an association
OR=20.46+p<0.05 between findings of cortical
Multivariate structural lesions on brain

OR=20.47+p<0.005

imaging and development
of refractory epilepsy

OR Odds Ratio, HR Hazard Ratio

drug resistance predictive utilities of the age of onset
and/or cortical imaging abnormalities in epilepsy and a
possible risk assessment score could be created using
other possible predictive factors.

Conclusion

In summary, our review suggests that the age of sei-
zure onset of less than 5 years predicts drug resistance,
especially the onset of seizure in children younger than
1 year of age. These children could better benefit from
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Senem et al —— 0.34[0.27, 0.41]
Ramos-Lizana . 0.10[0.06, 0.13]
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Fig. 2 A Forest plot of age of onset and drug resistance. B Funnel plot of age of onset and drug resistance. C Forest plot of cortical imaging
abnormalities and drug resistance. D Funnel plot of cortical imaging abnormalities and drug resistance
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neurosurgical management. The new onset of seizure
in young adults or the elderly responds well to medi-
cal management. While the presence of any structural
abnormalities on neuroimaging predicts drug resistance,
a trial drug can be done in these patients while surgical
management should be planned if not responsive. This
will help in reducing the global burden of drug-resistant

epilepsy.
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