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Abstract: Objectives: The study aimed to explore the clinical predictors of pharmaco-resistance in
patients with post-stroke epilepsy (PSE). Methods: Patients with epilepsy secondary to cerebral infarct
or spontaneous intracerebral hemorrhage were included. The study outcome was the occurrence
of pharmaco-resistance defined as the failure of adequate trials of two tolerated and appropriately
chosen and used antiseizure medication schedules, whether as monotherapies or in combination,
to achieve sustained seizure freedom. Results: One-hundred and fifty-nine patients with PSE and a
median follow-up of 5 (3-9) years were included. The mean age of the patients at stroke onset was
56.7 (14.9) years, and 104 (65.4%) were males. In the study cohort, 29 participants were pharmaco-
resistant. Age at stroke onset [odds ratio (OR) 0.97, 95% confidence interval (CI) 0.93-0.99; p = 0.044],
history of intracerebral hemorrhage (OR 2.95, 95% CI 1.06-8.24; p = 0.039), severe stroke (OR 5.43,
95% CI 1.82-16.16; p = 0.002), status epilepticus as initial presentation of PSE (OR 7.90, 1.66-37.55;
p = 0.009), and focal to bilateral tonic-clonic seizures (OR 3.19, 95% CI 1.16-8.79; p = 0.025) were
independent predictors of treatment refractoriness. Conclusions: Pharmaco-resistance developed in
approximately 20% of patients with PSE and was associated with younger age at stroke onset, stroke
type and severity, status epilepticus occurrence, and seizure types.
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1. Introduction

Stroke is a leading disease worldwide, with an estimated incidence of 15 million
cases annually [1]. Advances in stroke treatment have significantly reduced the overall
mortality rate, whereas the number of survivors with complications and disability has
increased [2—4]. Post-stroke epilepsy (PSE) is an important sequela of stroke, and represents
one of the most common causes of acquired epilepsy. Cerebrovascular disease accounts for
about 15% of all newly diagnosed epilepsy cases and nearly 50% among patients above
60 years of age [5-7]. With the world population aging and the increased prevalence of
post-stroke survivors, the number of patients with PSE is expected to increase [2]. To date,
little evidence exists about the prognosis of this condition, and additional information is
needed for the proper counselling of patients and informed treatment decisions.

The aim of this study was to identify the clinical predictors of pharmaco-resistance in
patients with PSE treated with antiseizure medications (ASMs).

2. Materials and Methods
2.1. Participants and Study Outcome

We retrospectively identified patients >16 years old who were referred to the Epilepsy
Center of the Marche Polytechnic University, Ancona, Italy with a diagnosis of epilepsy
secondary to cerebral infarct or spontaneous intracerebral hemorrhage and no history of

Brain Sci. 2021, 11, 418. https://doi.org/10.3390 /brainscil1040418

https:/ /www.mdpi.com/journal /brainsci


https://www.mdpi.com/journal/brainsci
https://www.mdpi.com
https://orcid.org/0000-0001-8748-0083
https://doi.org/10.3390/brainsci11040418
https://doi.org/10.3390/brainsci11040418
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/brainsci11040418
https://www.mdpi.com/journal/brainsci
https://www.mdpi.com/2076-3425/11/4/418?type=check_update&version=1

Brain Sci. 2021, 11, 418

2 0f 8

seizures before stroke. According to the International League Against Epilepsy definition,
seizures occurring within 7 days of the onset of stroke were classified as acute symptomatic
seizures, seizures occurring beyond 7 days of the onset of stroke were classified as unpro-
voked seizures, and PSE was diagnosed as the occurrence of one or more unprovoked
seizures [8]. Patients with follow-up <12 months were excluded from the analysis. Data on
demographics, clinical history, medications, and seizure occurrence were collected from
patients’ records of clinical visits. The study outcome was the occurrence of pharmaco-
resistance: drug-resistant epilepsy was defined as the failure of adequate trials of two
tolerated and appropriately chosen and used ASM schedules (whether as monotherapies
or in combination) to achieve sustained seizure freedom [9].

2.2. Statistical Analysis

Values were presented as mean (standard deviation) or median (interquartile range)
for continuous variables and as the number (percent) of patients for categorical variables.
Comparisons were made through the Student’s t test, Mann-Whitney test or x? test, as ap-
propriate. Simple and multivariable logistic regression analyses were performed to identify
the predictors of pharmaco-resistance. For multivariate analysis, sex, age at stroke onset,
stroke type, occurrence of acute symptomatic post-stroke seizures, seizure type, and any
variables with p values < 0.02 from comparisons of baseline characteristics were identi-
fied for statistical adjustment. Results were reported as odds ratio (OR) with associated
95% confidence interval (CI). Results were considered significant for p values < 0.05 (two
sided). Data analysis was performed using STATA /IC 13.1 statistical package (StataCorp
LP, College Station, TX, USA).

3. Results

Of 172 patients with PSE initially identified, 13 patients were excluded due to follow-
up <12 months. Accordingly, 159 patients with PSE and a median follow-up of 5 (3-9)
years were included in the analysis. The mean age of the patients at stroke onset was 56.7
(14.9) years, and 104 (65.4%) were males. Cerebral infarct occurred in 102 (64.2%) and
cerebral hemorrhage in 57 (35.8%) patients. Blood pressure lowering agents were taken by
121 (76.1%), antidiabetic drugs by 30 (18.9%), and statins by 49 (30.8%) patients.

In the study cohort, 29 (18.2%) participants were pharmaco-resistant. Drug-resistance
occurred in 13 out of 102 (12.8%) patients with ischemic and 16 out of 57 (28.1%) patients
with hemorrhagic stroke. Baseline characteristics of the patients according to treatment
responsiveness are shown in Table 1. Patients refractory to treatment presented more
frequently intracerebral hemorrhage (p = 0.016) and severe stroke (p = 0.001) in comparison
to responsive patients. Status epilepticus was the first epileptic symptom in 5 (3.9%)
responsive and 7 (24.1%) refractory patients (p < 0.001), and focal to bilateral tonic seizures
were more commonly observed among patients with drug-resistant epilepsy (p = 0.013).

Table 1. Characteristics of patients according to treatment responsiveness.

Resporsive Refiatory ) Value

Male sex 86 (66.2) 18 (62.1) 0.676

Age at stroke onset 57.8 (14.7) 52.1 (15.3) 0.065
Familiar history of seizures 4(3.1) 2 (6.9) 0.329
Hypertension 90 (69.2) 18 (62.1) 0.455
Diabetes mellitus 24 (18.5) 6 (20.7) 0.782
Dyslipidemia 51 (39.2) 11 (37.9) 0.897

Atrial fibrillation 19 (14.6) 2 (6.9) 0.267

Coronary heart disease 26 (20.0) 4 (13.8) 0.440
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Table 1. Cont.

Responsive Refractory
(n = 130) (n =29) p Value
Stroke type 0.016
Cerebral infarct 89 (68.5) 13 (44.8)
Intra-cerebral hemorrhage 41 (31.5) 16 (55.2)
2 Stroke severity 0.001
Mild to moderate 75 (57.7) 7(24.1)
Severe 55 (42.3) 22 (75.9)
Cortical involvement 87 (68.5) 24 (82.8) 0.126
b .
Acute symptomatic 16 (12.3) 6 (20.7) 0.237
post-stroke seizures
Status epilepticus at epilepsy 5 (3.9) 7 24.1) <0.001
onset
Seizure types 0.013
Focal onset 67 (51.5) 11 (37.9)
Focal to bilateral tonic-clonic 41 (31.6) 17 (58.6)
Generalized /unknown onset 22 (16.9) 1(3.5)
Follow-up time 5(3-9) 6 (3-12) 0.226

Data are mean (SD) or median (IQR) for continuous variables, and n (%) for categorical variables. # Stroke was
defined as mild to moderate if NIHSS score at stroke onset was <16 and severe if initial NIHSS score was >16.
b Seizures occurring within 7 days of stroke onset. Abbreviations: IQR = interquartile range, NIHSS = National
Institutes of Health Stroke Scale, SD = standard deviation.

According to multiple regression analysis, age at stroke onset, stroke type and severity,
status epilepticus as the first epileptic symptom, and seizure type were independent
predictors of pharmaco-resistance: patients with younger age at stroke onset (OR 0.97, 95%
CI 0.93-0.99; p = 0.044), history of intracerebral hemorrhage (OR 2.95, 95% CI 1.06-8.24;
p = 0.039), severe stroke (OR 5.43, 95% CI 1.82-16.16; p = 0.002), status epilepticus as initial
presentation of PSE (OR 7.90, 1.66-37.55; p = 0.009), and focal to bilateral tonic-clonic
seizures (OR 3.19, 95% CI 1.16-8.79; p = 0.025) had a higher likelihood of being refractory
to ASM treatment (Table 2).

Table 2. Association between baseline characteristics and pharmaco-resistance.

Dependent Variable * Adjusted OR (95% CI) p Value

Male sex 1.04 (0.36-3.01) 0.948
Age at stroke onset 0.97 (0.93-0.99) 0.044
Cerebral hemorrhage 2.95 (1.06-8.24) 0.039
Severe stroke 5.43 (1.82-16.16) 0.002
Acute symptomatic post-stroke seizures 1.75 (0.53-5.76) 0.355
Status epilepticus at epilepsy onset 7.90 (1.66-37.55) 0.009
¥ Type of seizures

Focal to bilateral tonic-clonic 3.19 (1.16-8.79) 0.025

Generalized /unknown onset 0.22 (0.02-2.12) 0.190

Values are from logistic regression models. * Adjustment for sex, age at stroke onset, stroke type and severity,
occurrence of acute symptomatic post-stroke seizures, status epilepticus at epilepsy onset, and seizure types.
 Focal onset seizures as reference. Abbreviations: CI = confidence interval, NIHSS = National Institutes of Health
Stroke Scale, OR = odds ratio.
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4. Discussion

Pharmaco-resistance developed in approximately 20% of the patients with PSE in-
cluded in this study and was associated with younger age at stroke onset, intra-cerebral
hemorrhage, severe stroke, occurrence of status epilepticus as the first late-onset epileptic
symptom, and focal to bilateral tonic-clonic seizures.

Around one third of the patients with epilepsy in general cannot achieve seizure
control, despite the increasing availability of therapeutic options. Importantly, not all
epileptic patients carry the same risk to be refractory to ASMs, and etiology can play a
role. Despite differences in study cohorts, definitions, and follow-up times, the rate of
treatment refractoriness we found is consistent with the figures reported in prior studies
and suggests that, although PSE has overall a good prognosis and patients are generally
responsive to pharmacological treatment, a not negligible percentage of cases become drug
resistant [10-14].

Thus far, many investigations have shed light on the risk of seizures after stroke,
and predicting tools have been developed for the early identification of patients at a higher
risk of developing PSE. Conversely, the factors that can predict intractable PSE have been
largely ignored.

Pharmaco-resistance in epilepsy is likely to be a multifactorial phenomenon that may
incorporate both disease- and patient-related variables.

Alterations in the properties of ASM targets, including compositional changes in
voltage-gated ion channels and neurotransmitter receptors, and the overexpression of
efflux transporters at the level of the blood—brain barrier (BBB) can favor refractoriness
by decreasing drug sensitivity and cerebral drug uptake [15]. Remarkably, widespread
and long-lasting changes in the distribution of GABA 5-receptor subunits and functional
alterations in uninjured tissue surrounding brain lesion, as well as in remote cerebral
regions, have been shown in experimental models [16,17]. The inflammatory response
following brain injury can alter endothelial cell function and trigger profound changes
in the expression and activity of ATP-binding cassette (ABC) efflux transporters at the
BBB [18]. Induction of P-gp was found in newly generated capillaries after stroke [19-21],
and breast cancer resistance protein (BCRP), which was not observed in the neurons of
normal subjects and epileptic patients [22], has been detected in the neurons of stroke
and refractory epileptic patients [20,23]. Sprouting of the synaptic connections between
surviving deafferented neurons and the substantial remodeling of spared areas and path-
ways are crucial for recovery from brain damage. Nonetheless, post-stroke plasticity can
also result in aberrant synaptogenesis [24]. The maladaptive organization of neuronal
networks may suppress the endogenous seizure control system, generate synchronized
neuronal circuits, and restrict ASMs from accessing neuronal targets, therefore leading to
pharmaco-resistance [15]. Overall, it is conceivable that the presence of blood products in
brain parenchyma and the extension of injury can act as crucial modifiers of the epilepto-
genic processes and trigger, favor, or amplify those aberrant responses that may contribute
to developing seizures more refractory to therapy [25].

Common neurobiological factors can contribute to both epilepsy severity and pharmaco-
resistance, and refractoriness can be inherent to disease severity [26]. In this regard, status
epilepticus could result from reduced inhibition and enhanced excitability and be the
epiphenomenon of pathophysiological changes characterizing refractory epilepsy. At the
same time, there is also ample evidence that modifications triggered by status epilepticus
itself, such as BBB disruption, inflammation, angiogenesis, and reactive synaptogenesis,
play an important role in the reorganization of neuronal networks and the progression
of seizure activity [27,28]. The present findings reinforced the association between status
epilepticus occurrence and seizure intractability that has been observed in few prior studies
of epilepsy in children and adults [29-32].

The predominant seizure type in patients with PSE was focal. Focal to bilateral tonic-
clonic seizures were found in approximately one third of the cases, and associated with
a higher risk of drug-refractoriness. In elderly patients with newly diagnosed epilepsy,
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seizure freedom was less commonly achieved by patients presenting with seizures evolving
to bilateral convulsive than in patients with focal or generalized seizures [33,34]. A meta-
analysis and indirect comparisons of responder rates demonstrated a trend toward a lower
efficacy over secondary generalized tonic-clonic seizures than over all seizure types for the
included ASMs, and only three drugs showed greater reduction of secondary generalized
tonic-clonic seizures frequency than placebo [35]. As seizure initiation and propagation are
triggered by different alterations of synaptic transmission [36], and secondary generaliza-
tion reflects the involvement of specific cellular mechanisms and cortical and subcortical
networks [37], ASMs might have different and lower efficacy in the prevention of focal to
bilateral seizures in focal epilepsy.

Age at stroke onset was marginally associated with the risk of pharmaco-resistant
PSE, with older age being a protective factor. Decreasing neuronal plasticity with age
could smooth epileptogenicity and result in a reduced risk of pharmacoresistant epilepsy
following stroke. This explanation has been previously advanced to explain the greater
response to treatment observed among older adults [38]. Consistent with this finding,
responding patients with PSE following cerebral hemorrhage were significantly older than
resistant patients [39], and older age reduced the risk of stroke-related refractory epilepsy
in a population-based sample of older adult stroke survivors [10].

A not significant higher prevalence of acute symptomatic post-stroke seizures was
found among drug-resistant patients. Seizures occurring early after stroke are thought to
be a reaction of neuronal cells to acute cerebrovascular injury, and reflect transient cellular
biochemical dysfunctions, including variations in calcium and sodium concentrations,
glutamate release, and the breakdown of membrane phospholipids. Acute symptomatic
seizures have also, however, been associated with an increased risk of late unprovoked
seizures, indicating that they might be a hallmark of epileptogenesis [40]. Our findings
support the perspective of acute symptomatic post-stroke seizures as a consequence of
temporary, acute, local metabolic disturbance rather than structural changes of neuronal
networks and, although they may have role in the process of epileptogenesis after stroke,
they do not overall seem to have a major influence on the development of treatment
refractoriness. Of note, one single study identified the occurrence of acute symptomatic
seizures as a predictor of drug-resistant epilepsy after cerebral hemorrhage [39]. Further
studies are needed to definitively establish if a detrimental role of acute symptomatic
seizures exists on the risk of pharmacoresistant PSE and whether this relationship varies
according to stroke subtype.

We did not find any relationship of sex with drug refractoriness. To date, conflicting
evidence exists about the predictive role of sex. Sex did not emerge as a significant predictor
of refractory epilepsy in two studies recruiting participants with epilepsy of any cause of
all ages [41] and older adults [33], whereas male sex was found protective in stroke patients
aged 67 and over [10]. Although hormonal influence and metabolic changes act as potential
biological modifiers, the differences across the studies did not allow for the comparison of
results and the drawing of definitive conclusions. Given the decline in endogenous estrogen
levels and the relative androgen excess during and after menopausal transition, further
analyses in larger populations that may also explore the potential interaction between sex
and age are warranted.

The current study has merit to provide evidence on the risk of drug-refractory PSE
from the clinical perspective. Major strengths include the long-term follow-up of the
patients and the real-world design, which allowed the generalizability of the findings
to everyday clinical practice. Nonetheless, many shortcomings need to be considered.
The retrospective analysis of data is prone to selection bias and misdiagnosis can occur
even when medical reports are collected extensively. The inclusion of patients referred to
an epilepsy clinic, which may represent a group preselected for age and severity, could
limit the representativeness and generalizability of the findings to the general PSE pop-
ulation. Further, no information was available about the comorbidities and medications
taken prior to stroke and during the acute phase, as well as whether vascular risk factors
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were adequately controlled after stroke. Therefore, we could not explore whether agents
that have been suggested to reduce the risk of PSE may also influence the development of
pharmaco-resistance [42]. The unavailability of genetic make-up data prevented us from ex-
ploring the contribution of genetic background to the development of pharmaco-resistance.
The observational naturalistic design is, hence, able to develop preliminary insights and
suggest working hypotheses. Prospective studies in larger cohorts of patients alongside
molecular, neurophysiology, and neuroimaging analyses are warranted to validate the
findings, identify additional predictors, and clarify the pathophysiological mechanisms
underlying drug-refractoriness in PSE.

5. Conclusions

The available data on risks of acquiring PSE are not matched by knowledge on the
condition itself and its prognosis, and there remains a large gap in the understanding
of the causes and mechanisms of drug-refractoriness. The expected disease course is a
reasonable question posed by patients and physicians. The identification of factors that may
predict treatment response holds important practical implications to guide clinicians once
a diagnosis has been made, and inform the health care system on the resources required
when recovery from stroke is complicated by recurrent seizures.

Author Contributions: Conceptualization, S.L.; methodology, S.L.; software, S.L.; validation, S.L.
and C.C.; formal analysis, S.L.; investigation, S.L., C.C., and N.E,; resources, S.L.; data curation,
C.R. (Claudia Rinaldi), D.N., S.B. and C.R. (Chiara Rocchi); writing—original draft preparation, S.L.;
writing—review and editing, S.L.; visualization, S.L.; supervision, S.L. and M.S.; project administra-
tion, S.L. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Committee of the Marche Polytechnic University
(ID 176/2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Anonymized data will be shared by request from any qualified investigator.

Conflicts of Interest: Simona Lattanzi has received speaker’s or consultancy fees from Eisai, GW Phar-
maceuticals, and UCB Pharma, and has served on advisory boards for Angelini Pharma, Arvelle
Therapeutics, BIAL, and GW Pharmaceuticals. The remaining authors have no conflict of interest.

References

1. World Stroke Organization. Learn about Stroke. Available online: https:/ /www.world-stroke.org/world-stroke-day-campaign/
why-stroke-matters /learn-about-stroke (accessed on 15 March 2021).

2. Switoniska, M.; Piekus-Stomka, N.; Stomka, A.; Sokal, P.; Zekanowska, E.; Lattanzi, S. Neutrophil-to-Lymphocyte Ratio and
Symp-tomatic Hemorrhagic Transformation in Ischemic Stroke Patients Undergoing Revascularization. Brain Sci. 2020, 10, 771.
[CrossRef] [PubMed]

3. Krueger, H.; Koot, ].; Hall, R.E.; O’Callaghan, C.; Bayley, M.; Corbett, D. Prevalence of Individuals Experiencing the Effects of
Stroke in Canada: Trends and Projections. Stroke 2015, 46, 2226-2231. [CrossRef] [PubMed]

4. Lattanzi, S.; Coccia, M.; Pulcini, A.; Cagnetti, C.; Galli, EL.; Villani, L.; Campa, S.; Dobran, M.; Polonara, G.; Ceravolo, M.G.; et al.
Endovascular treatment and cognitive outcome after anterior circulation ischemic stroke. Sci. Rep. 2020, 10, 18524. [CrossRef]
[PubMed]

5. Lattanzi, S.; Trinka, E.; Del Giovane, C.; Nardone, R ; Silvestrini, M.; Brigo, F. Antiepileptic drug monotherapy for epilepsy in the
elderly: A systematic review and network meta-analysis. Epilepsia 2019, 60, 2245-2254. [CrossRef] [PubMed]

6.  Forsgren, L.; Beghi, E.; Oun, A.; Sillanpda, M. The epidemiology of epilepsy in Europe—A systematic review. Eur. J. Neurol. 2005,
12,245-253. [CrossRef] [PubMed]

7.  Brigo, F; Lattanzi, S. Pharmacotherapeutic considerations for late-onset epilepsy. Expert Opin. Pharmacother. 2021, 22, 389-391.
[CrossRef] [PubMed]

8. Beghi, E.; Carpio, A.; Forsgren, L.; Hesdorffer, D.C.; Malmgren, K.; Sander, J.W.; Tomson, T.; Hauser, W.A. Recommendation for a

defi-nition of acute symptomatic seizure. Epilepsia 2010, 51, 671-675. [CrossRef] [PubMed]


https://www.world-stroke.org/world-stroke-day-campaign/why-stroke-matters/learn-about-stroke
https://www.world-stroke.org/world-stroke-day-campaign/why-stroke-matters/learn-about-stroke
http://doi.org/10.3390/brainsci10110771
http://www.ncbi.nlm.nih.gov/pubmed/33114150
http://doi.org/10.1161/STROKEAHA.115.009616
http://www.ncbi.nlm.nih.gov/pubmed/26205371
http://doi.org/10.1038/s41598-020-75609-1
http://www.ncbi.nlm.nih.gov/pubmed/33116220
http://doi.org/10.1111/epi.16366
http://www.ncbi.nlm.nih.gov/pubmed/31608438
http://doi.org/10.1111/j.1468-1331.2004.00992.x
http://www.ncbi.nlm.nih.gov/pubmed/15804240
http://doi.org/10.1080/14656566.2020.1865311
http://www.ncbi.nlm.nih.gov/pubmed/33377404
http://doi.org/10.1111/j.1528-1167.2009.02285.x
http://www.ncbi.nlm.nih.gov/pubmed/19732133

Brain Sci. 2021, 11, 418 70f8

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Kwan, P; Arzimanoglou, A.; Berg, A.T.; Brodie, M.].; Hauser, W.A.; Mathern, G.; Moshé, S.L.; Perucca, E.; Wiebe, S.; French, J.
Definition of drug resistant epilepsy: Consensus proposal by the ad hoc Task Force of the ILAE Commission on Therapeutic
Strategies. Epilepsia 2009, 51, 1069-1077. [CrossRef]

Burneo, J.G.; Antaya, T.C.; Allen, B.N.; Belisle, A.; Shariff, S.Z.; Saposnik, G. The risk of new-onset epilepsy and refractory
epilepsy in older adult stroke survivors. Neurology 2019, 93, e568-e577. [CrossRef]

Bryndziar, T.; Sedova, P.; Kramer, N.M.; Mandrekar, J.; Mikulik, R.; Brown, R.D.; Klaas, ].P. Seizures Following Ischemic Stroke:
Frequency of Occurrence and Impact on Outcome in a Long-Term Population-Based Study. . Stroke Cerebrovasc. Dis. 2016, 25,
150-156. [CrossRef]

Silverman, LE.; Restrepo, L.; Mathews, G.C. Poststroke Seizures. Arch. Neurol. 2002, 59, 195-201. [CrossRef] [PubMed]

Brigo, F.; Lattanzi, S.; Zelano, ].; Bragazzi, N.; Belcastro, V.; Nardone, R.; Trinka, E. Randomized controlled trials of antiepileptic
drugs for the treatment of post-stroke seizures: A systematic review with network meta-analysis. Seizure 2018, 61, 57-62.
[CrossRef] [PubMed]

Feyissa, A.M.; Hasan, T.F.; Meschia, J.F. Stroke-related epilepsy. Eur. J. Neurol. 2019, 26, 18-26. [CrossRef]

Tang, F; Hartz, AM.S.; Bauer, B. Drug-Resistant Epilepsy: Multiple Hypotheses, Few Answers. Front. Neurol. 2017, 8, 301.
[CrossRef] [PubMed]

Redecker, C.; Wang, W.; Fritschy, ].M.; Witte, O.W. Widespread and long-lasting alterations in GABA(A)-receptor subtypes
after focal cortical infarcts in rats: Mediation by NMDA-dependent processes. ]. Cereb. Blood Flow Metab. 2002, 22, 1463-1475.
[CrossRef]

Witte, O.W.; Bidmon, H.-J.; Schiene, K.; Redecker, C.; Hagemann, G. Functional Differentiation of Multiple Perilesional Zones
after Focal Cerebral Ischemia. Br. ]. Pharmacol. 2000, 20, 1149-1165. [CrossRef] [PubMed]

Qosa, H.; Miller, D.S.; Pasinelli, P,; Trotti, D. Regulation of ABC efflux transporters at blood-brain barrier in health and neurological
disorders. Brain Res. 2015, 1628, 298-316. [CrossRef]

Cen, J.; Liu, L,; Li, M.-S.; He, L.; Wang, L.-J; Liu, Y.-Q.; Liu, M.; Ji, B.-S. Alteration in P-glycoprotein at the blood-brain barrier in
the early period of MCAO in rats. J. Pharm. Pharmacol. 2013, 65, 665-672. [CrossRef] [PubMed]

Dazert, P; Suofu, Y.; Grube, M.; Popa-Wagner, A.; Kroemer, H.; Jedlitschky, G.; Kessler, C. Differential regulation of transport
proteins in the periinfarct region following reversible middle cerebral artery occlusion in rats. Neuroscience 2006, 142, 1071-1079.
[CrossRef]

Ueno, M.; Nakagawa, T.; Huang, C.-L.; Ueki, M.; Kusaka, T.; Hosomi, N.; Kanenishi, K.; Onodera, M.; Wu, B.; Sakamoto, H.
The expression of P-glycoprotein is increased in vessels with blood-brain barrier impairment in a stroke-prone hypertensive
model. Neuropathol. Appl. Neurobiol. 2009, 35, 147-155. [CrossRef]

Aronica, E.; Gorter, J.A.; Redeker, S.; Van Vliet, E.A.; Ramkema, M.; Scheffer, G.L.; Scheper, R.J.; Van Der Valk, P.; Leenstra, S.;
Baayen, ].C.; et al. Localization of Breast Cancer Resistance Protein (BCRP) in Microvessel Endothelium of Human Control and
Epileptic Brain. Epilepsia 2005, 46, 849-857. [CrossRef] [PubMed]

Lazarowski, A.; Czornyj, L.; Lubienieki, F; Girardi, E.; Vazquez, S.; D’Giano, C. ABC Transporters during Epilepsy and
Mechanisms Underlying Multidrug Resistance in Refractory Epilepsy. Epilepsia 2007, 48, 140-149. [CrossRef] [PubMed]
Altman, K.; Shavit-Stein, E.; Maggio, N. Post Stroke Seizures and Epilepsy: From Proteases to Maladaptive Plasticity. Front. Cell.
Neurosci. 2019, 13, 397. [CrossRef]

Klein, P,; Dingledine, R.; Aronica, E.; Bernard, C.; Bliimcke, L.; Boison, D.; Brodie, M.].; Brooks-Kayal, A.R.; Engel, J., Jr.; Forcelli,
P.A.; et al. Commonalities in epileptogenic processes from different acute brain insults: Do they translate? Epilepsia 2018, 59,
37-66. [CrossRef]

Rogawski, M.A. The intrinsic severity hypothesis of pharmacoresistance to antiepileptic drugs. Epilepsia 2013, 54, 33—40.
[CrossRef] [PubMed]

Gorter, J.A.; van Vliet, E.A.; Aronica, E. Status epilepticus, blood-brain barrier disruption, inflammation, and epileptogenesis.
Epilepsy Behav. 2015, 49, 13-16. [CrossRef]

Pitkédnen, A.; Lukasiuk, K. Mechanisms of epileptogenesis and potential treatment targets. Lancet Neurol. 2011, 10, 173-186.
[CrossRef]

Berg, A.T.; Levy, S.R.; Novotny, E.J.; Shinnar, S. Predictors of intractable epilepsy in childhood: A case-control study. Epilepsia
1996, 37, 24-30. [CrossRef]

Berg, A.T.; Shinnar, S.; Levy, S.R.; Testa, EM.; Smith-Rapaport, S.; Beckerman, B. Early development of intractable epilepsy in
children: A prospective study. Neurology 2001, 56, 1445-1452. [CrossRef]

Yuan, F,; Jia, R.; Gao, Q.; Yang, F; Yang, X; Jiang, Y.; Li, W.; Marcuse, L.V,; Jiang, W. Early Predictors of Drug-Resistant Epilepsy
De-velopment after Convulsive Status Epilepticus. Eur. Neurol. 2018, 79, 325-332. [CrossRef]

Wang, X.-P,; Wang, H.-J.; Zhu, L.-N.; Da, X,; Liu, L. Risk factors for drug-resistant epilepsy: A systematic review and meta-analysis.
Medicine 2019, 98, e16402. [CrossRef] [PubMed]

Besocke, A.; Rosso, B.; Cristiano, E.; Valiensi, S.; Garcia, M.D.C.; Gonorazky, S.; Romano, L. Outcome of newly-diagnosed epilepsy
in older patients. Epilepsy Behav. 2013, 27, 29-35. [CrossRef]

Rohracher, A.; Kalss, G.; Kuchukhidze, G.; Neuray, C.; Leitinger, M.; Hofler, J.; Kreidenhuber, R.; Rossini, F.; Volna, K.; Mauritz,
M.; et al. New anti-seizure medication for elderly epilepsy patients-a critical narrative review. Expert Opin. Pharmacother. 2020,
1-14. [CrossRef]


http://doi.org/10.1111/j.1528-1167.2009.02397.x
http://doi.org/10.1212/WNL.0000000000007895
http://doi.org/10.1016/j.jstrokecerebrovasdis.2015.09.008
http://doi.org/10.1001/archneur.59.2.195
http://www.ncbi.nlm.nih.gov/pubmed/11843689
http://doi.org/10.1016/j.seizure.2018.08.001
http://www.ncbi.nlm.nih.gov/pubmed/30096625
http://doi.org/10.1111/ene.13813
http://doi.org/10.3389/fneur.2017.00301
http://www.ncbi.nlm.nih.gov/pubmed/28729850
http://doi.org/10.1097/01.WCB.0000034149.72481.BD
http://doi.org/10.1097/00004647-200008000-00001
http://www.ncbi.nlm.nih.gov/pubmed/10950376
http://doi.org/10.1016/j.brainres.2015.07.005
http://doi.org/10.1111/jphp.12033
http://www.ncbi.nlm.nih.gov/pubmed/23600383
http://doi.org/10.1016/j.neuroscience.2006.07.056
http://doi.org/10.1111/j.1365-2990.2008.00966.x
http://doi.org/10.1111/j.1528-1167.2005.66604.x
http://www.ncbi.nlm.nih.gov/pubmed/15946326
http://doi.org/10.1111/j.1528-1167.2007.01302.x
http://www.ncbi.nlm.nih.gov/pubmed/17910594
http://doi.org/10.3389/fncel.2019.00397
http://doi.org/10.1111/epi.13965
http://doi.org/10.1111/epi.12182
http://www.ncbi.nlm.nih.gov/pubmed/23646969
http://doi.org/10.1016/j.yebeh.2015.04.047
http://doi.org/10.1016/S1474-4422(10)70310-0
http://doi.org/10.1111/j.1528-1157.1996.tb00507.x
http://doi.org/10.1212/WNL.56.11.1445
http://doi.org/10.1159/000490900
http://doi.org/10.1097/MD.0000000000016402
http://www.ncbi.nlm.nih.gov/pubmed/31348240
http://doi.org/10.1016/j.yebeh.2012.11.041
http://doi.org/10.1080/14656566.2020.1843636

Brain Sci. 2021, 11, 418 8of8

35.

36.

37.

38.

39.

40.

41.

42.

Hémery, C.; Ryvlin, P.; Rheims, S. Prevention of generalized tonic-clonic seizures in refractory focal epilepsy: A meta-analysis.
Epilepsia 2014, 55, 1789-1799. [CrossRef] [PubMed]

Pinto, D.J.; Patrick, S.L.; Huang, W.C.; Connors, B.W. Initiation, Propagation, and Termination of Epileptiform Activity in Rodent
Neocortex In Vitro Involve Distinct Mechanisms. J. Neurosci. 2005, 25, 8131-8140. [CrossRef]

Blumenfeld, H.; Varghese, G.I.; Purcaro, M.; Motelow, ].; Enev, M.; McNally, K.A.; Levin, A.; Hirsch, L.J.; Tikofsky, R.; Zubal,
I.G,; et al. Cortical and subcortical networks in human secondarily generalized tonic—clonic seizures. Brain 2009, 132, 999-1012.
[CrossRef]

Tanaka, A.; Akamatsu, N.; Shouzaki, T.; Toyota, T.; Yamano, M.; Nakagawa, M.; Tsuji, S. Clinical characteristics and treatment
re-sponses in new-onset epilepsy in the elderly. Seizure 2013, 22, 772-775. [CrossRef] [PubMed]

De Greef, B.T.A.; Schreuder, EH.B.M.; Vlooswijk, M.C.G.; Schreuder, A.H.C.M.L.; Rooyer, F.A.; van Oosterbrugge, R.J.; Rouhl,
R.P.W. Early seizures after intracerebral hemorrhage predict drug-resistant epilepsy. J. Neurol. 2015, 262, 541-546. [CrossRef]
Zelano, ]J.; Holtkamp, M.; Agarwal, N.; Lattanzi, S.; Trinka, E.; Brigo, F. How to diagnose and treat post-stroke seizures and
epilepsy. Epileptic Disord 2020, 22, 252-263. [CrossRef]

Hitiris, N.; Mohanraj, R.; Norrie, J.; Sills, G.J.; Brodie, M.J. Predictors of pharmacoresistant epilepsy. Epilepsy Res. 2007, 75, 192-196.
[CrossRef]

Nucera, B.; Rinaldi, F; Nardone, R.; Lattanzi, S.; Brigo, F. Statins in primary prevention of poststroke seizures and epilepsy: A
systematic review. Epilepsy Behav. 2020, 112, 107400. [CrossRef] [PubMed]


http://doi.org/10.1111/epi.12765
http://www.ncbi.nlm.nih.gov/pubmed/25182978
http://doi.org/10.1523/JNEUROSCI.2278-05.2005
http://doi.org/10.1093/brain/awp028
http://doi.org/10.1016/j.seizure.2013.06.005
http://www.ncbi.nlm.nih.gov/pubmed/23849689
http://doi.org/10.1007/s00415-014-7592-4
http://doi.org/10.1684/epd.2020.1159
http://doi.org/10.1016/j.eplepsyres.2007.06.003
http://doi.org/10.1016/j.yebeh.2020.107400
http://www.ncbi.nlm.nih.gov/pubmed/32916580

	Introduction 
	Materials and Methods 
	Participants and Study Outcome 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

