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Abstract

Background Acute postoperative seizures (APOS) are common phenomena following resective epilepsy surgery and can be
categorized as running-down (RDS) or running-up seizures (RUS). This differentiation is made retrospectively, considering
their classification is based on seizure recurrence. However, early differentiation of RDS from RUS may prevent unnecessary
escalation of anti-seizure medication or reoperation. This review provides an overview of the available literature on variables
influencing the evolution to RDS/RUS in patients exhibiting acute or early postoperative seizures.

Methods A database search was performed addressing studies related to the running-down phenomenon and postopera-
tive seizures in PubMed and Embase. Eligibility required a clear definition of acute or early postoperative seizures. Studies
concerning any type of epilepsy surgery or pathology were accepted, excluding those related to high-grade malignancies.
Results The search yielded a total of n= 1,690 records. We included n =21 studies with a total of n= 1,496 patients, which
examined variables associated with long-term seizure outcome. Interictal epileptiform discharge presence/laterality, epi-
leptogenic zone size, APOS frequency, and history of generalized tonic—clonic seizures, head trauma, or encephalitis were
associated with seizure outcome. Ictal expression and timing of seizure recurrence appeared less relevant. However, these
associations are uncertain due to conflicting results between studies, likely due to small sample sizes, a limited reporting of
secondary variables, and heterogeneity in study population and methodology.

Conclusions The variability in clinical outcome following APOS highlights the need for a refined classification of postopera-
tive seizures. Future research should focus on constructing and validating a multifactorial model integrating EEG-derived
variables, APOS frequency, and medical history to more accurately predict long-term seizure outcome following resective
epilepsy surgery.
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Abbreviations Introduction

APOS Acute postoperative seizures

EZ Epileptogenic zone Resective surgery is typically the most effective and pre-
GTCS Generalized tonic—clonic seizures ferred treatment for epilepsy; however, many patients do
IED Interictal epileptiform discharges not achieve complete seizure remission postoperatively. In
RDS  Running-down seizures studies performed between 1990-2020, the pooled propor-
RUS Running-up seizures tion of patients becoming seizure-free following tempo-

ral lobe surgery was 61% for children and 56% for adults
[1]. 13% of both adult and pediatric patients were classified
as Engel IB/IC/ID, [1] indicating non-disabling seizures
or seizures occurring only in the early postoperative phase
[9]. Acute postoperative seizures (APOS) are defined as
ictal events occurring within the first week postoperatively
[2] and are strongly associated with long-term seizure recur-
rence [12]. However, up to 40% of the patients exhibiting
Department of Neurology and Neurosurgery, Utrecht Brain APOS demonstrate a favorable clinical outcome in the long
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running-down of seizures envelops the presentation of post-
operative seizures gradually decreasing in frequency until,
ultimately, remission is achieved [32]. These seizures show
a considerable diversity in their timing of onset, though
they are known to fully remit within 2 years [13, 28, 33,
34]. Differentiating running-down seizures (RDS) from their
contrasting running-up seizures (RUS) can only be done
retrospectively, as their classification depends on eventual
seizure recurrence. Following resective surgery, this clinical
paradox creates caregiver uncertainty, as it remains unclear
whether postoperative seizures are self-limiting or require
intervention. Recognizing RDS at an early stage is therefore
essential for clinical decision-making, as it prevents unnec-
essary escalation of anti-seizure medication or reoperation.
However, it has not yet been clarified which factors deter-
mine either course of disease or which predictors can be
applied in a clinical setting. This is partly attributable to
the unresolved pathophysiology of RDS. The most accepted
theory was postulated by Rasmussen, stating that RDS are
caused by epileptogenic tissue surrounding the surgical
resection site [32]. This tissue, initially affected through
secondary epileptogenesis, would not be capable of autono-
mously generating seizures indefinitely after removal of the
primary epileptogenic zone (EZ). The adjacent tissue would
then recover from its previously induced synaptic dysfunc-
tion, reflected by a gradually decreasing seizure frequency
[32]. RUS, on the other hand, may be a result of independ-
ent epileptogenic tissue persisting due to either incomplete
resection or the maturation of novel foci.

Identifying predictors of RDS/RUS will alleviate the
uncertainty of whether seizures will eventually cease to
occur, benefit clinical counseling, and facilitate therapeutic
interventions in a more timely manner. Hence, distinguish-
ing RDS from RUS may reduce treatment burden as well as
improve patient outcome. This review aims to provide an
overview of the available literature on variables determina-
tive for the onset of either RDS or RUS in patients exhibiting
acute or early postoperative seizures.

Methods

The review was registered in PROSPERO under registra-
tion number 347140. However, it was automatically rejected
as it did not focus on COVID-19 registrations during the
2020 pandemic. Given this, another registration was not
submitted. The registration states the review would include
a meta-analysis of the risk of developing seizures following
APOS. This was later amended after it became clear that a
meta-analysis on this topic had already been conducted by
Giridharan et al., which showed patients without APOS are
4.2 times more likely to be seizure-free after> 1 year [12]. A
protocol was not prepared for this review. The current review
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adheres to the PRISMA 2020 guidelines as far as applicable,
considering their intended use is for systematic, rather than
scoping reviews.

A database search was performed on 10/28/2024 address-
ing studies related to the running-down phenomenon and
postoperative seizures in PubMed and Embase (Online
Resource). The keywords in the search string were “epi-
lepsy”, “seizures”, “epilepsy surgery”, “running down
phenomenon”, “running down seizures”, “postoperative
seizures”, including their synonyms. Different types of
epilepsy-related surgical procedures such as “resection”,
“topectomy”, “lobectomy”, “transection”, “amygdalohip-
pocampectomy”, and “lesionectomy” were included.

Literature selection was conducted manually by a single
reviewer. First, titles and abstracts were screened to deter-
mine whether studies concerned early postoperative sei-
zures. Subsequently, in- and exclusion criteria were applied.
Studies were included if their study population consisted of
surgically treated patients with epilepsy, and quantified the
association between seizure characteristics and RDS/RUS
or seizure outcome. Studies were required to clearly define
early postoperative seizures/APOS. Studies regarding any
type of epilepsy surgery or pathology were eligible, except
for those concerning high-grade malignancies. Reports were
excluded if they concerned a review or meta-analysis, a case
report, a non-human study, or a non-clinical study, and if
they were not written in English. Articles were also excluded
if only their abstract was published, and this did not contain
sufficient information on study methodology and outcomes
to assess eligibility.

Results

Applying the search string in Embase and PubMed yielded
n=1,690 records (Fig. 1). Following duplicate removal,
n=1,156 records were subjected to eligibility assessment.
After screening title and abstract for relevance n=1,076
reports were excluded. The in- and exclusion criteria were
applied to the remaining n =80 articles. As a result, n=59
articles were excluded, of which n= 18 had no full text pub-
lished and supplied insufficient information in the abstract,
n=1 had not specified the APOS timeframe, and n =40 had
not analyzed an association between APOS characteristics
and seizure outcome. A total of n=21 studies were included
in this review with a total of n=1,496 patients. Character-
istics and key findings of the included studies are presented
in Tables 1 and 2.

APOS semiology

Postsurgical seizures present in a heterogeneous man-
ner. Seizures have previously been categorized into either
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habitual, non-habitual, or neighborhood seizures, which
all derive from different pathophysiological mechanisms
[5]. Habitual seizures resemble non-habitual seizures. In
the latter, however, epileptogenic discharges are propagated
in an alternative manner due to surgical disturbances of the
original pathways. This results in seizures different from
presurgical semiology. Neighborhood seizures are precipi-
tated by post-operative inflammation caused by e.g. surgi-
cal manipulation, hemorrhage, or infection of surrounding
tissue. They present as focal simple motor seizures without
loss of consciousness [5, 38]. Studies have been contradic-
tory regarding the relevance of seizure semiology. Some
conclude habitual seizures in the acute postoperative period
decrease the odds of a favorable seizure outcome in compari-
son to non-habitual seizures, or when merely focal motor sei-
zures and/or generalized tonic—clonic seizures (GTCS) occur
[14, 21, 25]. Swanson et al. demonstrated a trend toward
early generalized seizures predicting a more favorable out-
come compared to focal seizures with impaired awareness
[37]. However, these findings were not reproduced [11, 26,
27, 31]. Seizures provoked by low anti-epileptic drug levels,
metabolic disturbances, or complications may be less likely

to evolve into RUS [5]. Malla et al. found no significant dif-
ference in seizure outcome between patients with and with-
out provoked seizures [25]. A later study by Mclntosh et al.
showed a trend toward a reduced risk of seizure recurrence
in those with acute symptomatic seizures [27].

Focus of epilepsy

Spatially defining the epileptogenic focus using EEG or
MRI remains a key element in constructing a therapeutic
strategy, but its merit for APOS is unclear. The incidence of
RDS in temporal lobe epilepsy does not strongly differ from
extratemporal lobe epilepsy; for either subtype most studies
report RDS to occur in 5-26% of patients presenting with
early postoperative seizures [3, 6, 10, 14, 19, 34, 36]. Ficker
et al. found RDS were more likely to occur following frontal
resection compared to temporal lobectomy [10]. This was
reproduced by Elsharkawy et al., who demonstrated a higher
incidence of both RDS and RUS in extratemporal compared
to temporal lobe epilepsy [6]. Jeha et al. found that seizures
are likely to recur earlier in patients with frontal as opposed
to temporal lobe epilepsy [19].

@ Springer
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Table 1 Summary of

Lo Total included studies (n=)" 21
Char:acterlstlcs of included Median sample size (IQR) 45 (37)
studies (n=21)

Total patients of interest (n=) 1,496
Total patients of interest with favorable outcome (n=) 548

Pooled proportion patients with favorable outcome
Included epilepsy pathologies (number of studies)

Included surgical procedures (number of studies)

Included variable of interest (number of studies)

0.37 (95% C1 0.34-0.39)

Malformation of cortical development (13)

e Focal cortical dysplasia (7)°

e Microdysgenesis (2)

e Tuberous sclerosis (1)

e Hemimegaloencephaly (1)

Mesial temporal sclerosis/hippocampal
sclerosis/gliosis (12)

Malignancy (12)

Vascular malformation (8)

Trauma (3)

Ischemia (3)

Normal (8)

Temporal lobectomy/cortical resection (14)
Extratemporal cortical resection (5)
Lesionectomy (4)
Amygdalohippocampectomy (4)
Hemispherectomy (4)

Key-hole resection (1)

APOS semiology (8)

Focus of epilepsy (3)

EEG (6)

MRI (4)

Timing of seizure recurrence (9)
Seizure frequency (6)

Patient characteristics (5)

# APOS Acute postoperative seizures

® Mean length of follow-up is not presented in this table, as this variable could not be pooled

¢ Except for the study by Jin et al. [21], no distinction was made between subtypes of focal cortical dyspla-

sia

EEG

Absence of interictal epileptiform discharges (IED) in the
early postoperative period predicted RDS [7, 15]. Unilateral
IED were more associated with a favorable outcome than
bilateral IED in patients who experienced postoperative sei-
zures, although these did not strictly concern APOS [6, 10,
17, 33]. Using intracranial EEG to demarcate the primary
EZ, Salanova et al. demonstrated an association between
RDS and an intermediately sized EZ, whereas patients with
the smallest EZ were more likely to be completely seizure-
free. Patients with persistent seizures had the largest EZ
[33].

MRI

Schmeiser et al. showed patients with an underlying neo-
plasm were more likely to display RDS compared to those
with non-neoplastic lesions such as hippocampal sclerosis,
focal cortical dysplasia, or vascular lesions [35]. This con-
trasts with a study by Kelemen et al., in which the patients

@ Springer

displaying RDS (n =3) all had hippocampal sclerosis rather
than a neoplastic lesion [22]. In some cases a morphologi-
cal seizure correlate cannot be ascertained preoperatively.
In these patients, the chances of refractoriness after early
postoperative seizures are significantly higher [20, 22, 27].

Timing of seizure recurrence

The definition of the APOS timeframe is debated. Although
its most applied definition is the occurrence of seizures
within one week postoperatively, as defined by Beghi et al.,
[2] studies sometimes employ broader thresholds. It is dif-
ficult to establish which is the most appropriate definition, as
studies with variable thresholds show a similar unfavorable
seizure outcome [12]. Few studies have shown any signifi-
cant differences between early and late APOS in the context
of seizure recurrence. Two studies with a pooled sample size
of n=61 showed patients displaying seizures <24 h had a
more favorable outcome compared to those with later sei-
zures [11, 26]. This was not reproduced in four other studies
with a pooled sample size of n=155 [25, 27, 31, 38]. When
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applying the conventional APOS threshold, McIntosh et al.
showed a trend in favor of seizures occurring >7 days
postoperatively compared to an onset <7 days [27]. This
result was not observed in a later study [14]. When apply-
ing a broader threshold, Jehi et al. found seizures occur-
ring < 6 months postoperatively were predictive of an
unfavorable outcome, but this analysis excluded seizures
occurring in the first postoperative week [20]. Buckingham
et al. found longer latency to the first postoperative seizure
was associated with a more favorable prognosis [4].

Seizure frequency

Garcia et al. demonstrated the occurrence of a single APOS
was associated with a more favorable outcome compared
to multiple events in adults [11]. Multiple seizures occur-
ring < 6 months postoperatively were associated with a sig-
nificantly higher rate of refractoriness compared to a single
seizure [20]. In a pediatric population, Koh et al. did not
observe a difference in seizure outcome between patients
without APOS and those with 1-5 APOS. However, the
occurrence of >5 APOS was associated with worse long-
term seizure management and a higher reoperation rate
[23]. Other studies failed to find an association between
APOS frequency and seizure recurrence [26, 27, 31].

Patient characteristics

Elsharkawy et al. demonstrated a negative association
between a history of GTCS and RDS in three separate stud-
ies [6-8]. Additionally, a history of febrile convulsions
was associated with RDS following temporal lobe surgery,
whereas a history of head trauma was associated with RUS
[6]. Such was reproduced by Salanova et al., who addition-
ally found prior encephalitis significantly increased the like-
lihood of an unfavorable seizure outcome, and resulted in a
significantly worse prognosis compared to previous febrile
seizures [33]. Swanson et al. reported age at seizure onset
and a favorable course of disease following APOS were
independently correlated, unlike sex or age at operation
[37]. Salanova et al. reported that patients aged < 30 years
at surgery had a higher chance of becoming seizure-free sub-
sequent to initial seizures [33].

Discussion

It has been well established that APOS predict an unfavora-
ble long-term seizure outcome [12]. However, generalizing
APOS may be inappropriate when establishing a prognosis,
considering their heterogeneity in clinical presentation and
disease course. As research on APOS subtypes is limited,
our review demonstrates that an open question remains

through which framework APOS should be classified to
accurately predict their evolution to RDS/RUS.

The relationship between APOS semiology and RDS
remains largely unexplored, as the few existing studies show
conflicting results [11, 14, 21, 25-27, 31, 37]. This may be
due to inadequate differentiation between neighborhood sei-
zures and non-habitual seizures. Clinical studies are needed
to establish whether non-habitual seizures/neighborhood sei-
zures have a more favorable prognosis than habitual seizures.
This would require an accurate framework to discriminate
between these subcategories. Making the clinical distinction
between neighborhood seizures and non-habitual seizures
can be difficult, considering both types present differently
compared to preoperative semiology. However, neighbor-
hood seizures are typically focal simple motor seizures with-
out loss of consciousness arising from tissue surrounding the
original EZ [5, 38]. Additionally, the distinction can be made
by investigating known triggers for neighborhood seizures,
such as metabolic disturbances, hemorrhage, or infection
[5]. Alternatively, EEG can be used to localize the epilep-
togenic focus, where overlap with the original EZ would
further support the classification of the postoperative seizure
as a neighborhood seizure.

EEG is used to localize an epileptogenic focus or objec-
tify the spread of epileptogenicity. Presence and laterality
of IED show considerable prognostic potential [6, 7, 10, 15,
17, 33]. The etiology of bilateral spiking is unclear, though
it is hypothesized to originate from mirror foci caused by
commissurally propagated discharges [29, 30]. Contralat-
eral spiking can also derive from signal dissemination rather
than extensive epileptogenesis, [16] though in this case the
negative association between bilateral spiking and RDS sug-
gests the latter. Salanova et al. illustrated the relevance of
EZ size. In accordance with Rasmussen’s aforementioned
theory they allocated the increase of EZ size to secondary
epileptogenesis, reflecting a more advanced and intractable
state of disease [33]. The measure to which these findings
can be applied in the context of APOS is unclear. Prognostic
studies on the variables mentioned above, along with other
EEG-derived factors like resting-state activity, postictal
changes, and seizure onset patterns are needed to substanti-
ate the relevance of EEG in the acute postoperative period.

The feasibility of neuroimaging to predict seizure out-
come is yet to be explored, though it can be argued from a
theoretical perspective. Epilepsy-associated lesions show a
vast heterogeneity in circumscription and their detrimental
effect on adjacent tissue. Such differences in lesion charac-
teristics would likely affect the susceptibility to postsurgical
seizures. Future MRI studies will have to objectify whether
lesion subtypes, lesion circumference, and postoperative
presence of residual tissue are associated with RDS/RUS.

The timing of seizure recurrence does not seem rel-
evant in predicting seizure outcome, though two studies

@ Springer
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demonstrated a negative association between late postopera-
tive seizures and long-term seizure recurrence [4, 20]. It is
worth noting the pathophysiological dissimilarities between
early and late APOS have not yet been clarified. APOS
frequency provides a promising alternative, as it has been
numerously associated with seizure outcome using vari-
able seizures frequency thresholds [11, 20, 23]. Consider-
ing the lack of consensus, a standardized threshold must
first be established to facilitate using APOS frequency to
predict RDS/RUS. APOS should be classified as postopera-
tive seizures occurring <7 days postoperatively, consider-
ing transient factors such as surgical trauma, inflammation,
or edema are typically resolved by the end of this period.
Seizures occurring between 7 days — 1 month postopera-
tively should be classified as “subacute”, reflecting those
arising from delayed pathological changes, such as ischemia
or neuroplastic alterations. Finally, seizures occurring
between 1 — 6 months postoperatively should be classified
as “deferred”, as these are more associated with chronic pro-
cesses such as scar formation or the development of novel
pathological structures.

Medical history was strongly correlated with seizure out-
come. A history of either GTCS, head trauma, or encepha-
litis was associated with a more unfavorable outcome as
opposed to prior febrile seizures, as these may indicate a
more extensive spread of epileptogenicity [6—8, 33]. Retro-
spective studies are needed to identify other medical history
components relevant to the progression to RDS/RUS. Age
at seizure onset and age at surgery also showed a correla-
tion with outcome. Younger age may indicate underlying
pathology associated with a higher surgical success rate,
such as focal cortical dysplasia, low-grade malignancies, or
mesial temporal sclerosis [33, 37]. Janszky et al. investi-
gated whether a change in anti-epileptic drug regimen influ-
ences the evolution to RDS, but a significant effect was not
observed [17].

The prognostic value of the variables mentioned above
has been demonstrated outside of the context of APOS or
RDS. A meta-analysis by Tonini et al. showed MRI abnor-
malities, history of febrile seizures, EEG/MRI concordance,
and presence of malignancy were associated with a favorable
seizure outcome. The necessity of perioperative intracranial
monitoring and postoperative epileptogenic discharges were
more ominous predictors [39]. A meta-analysis on seizure
outcome following repeated epilepsy surgery also showed
congruent EEG, MRI abnormalities, and lesional pathol-
ogy were associated with a favorable outcome. The use of
invasive monitoring was associated with an unfavorable
outcome, whereas the occurrence of generalized seizures
merely trended towards seizure recurrence [24]. Seeing these
variables are associated with seizure outcome in general
would indicate they may not be directly implicated in the
etiology of RDS, but rather exert an effect independently.

@ Springer

Despite their unresolved etiological implications, studies
indicate these variables are capable of predicting RDS/RUS
and can nonetheless be utilized to distinguish favorable from
unfavorable APOS.

Prior studies have demonstrated the feasibility of using
a multifactorial model to predict postoperative seizures.
Janszky et al. constructed a model including secondary
GTCS preoperatively, seizures occurring < 6 months post-
operatively, and ipsilateral temporal IED, resulting in an area
under the curve of 0.78 [17]. A model by Jayalakshmi et al.
integrated seizure presentation, IQ score, APOS, imaging
abnormalities, and IED, reaching an area under the curve of
0.97 in a sample of pediatric patients [18]. Although these
findings are promising, both models require testing in multi-
ple, diverse populations before they can be considered valid.
Prospective cohort studies are needed to assess the feasibil-
ity of applying predictive models integrating EEG-derived
variables, APOS frequency, and medical history to predict
seizure outcome.

Limitations

The primary limitation of this review was that most of the
included studies comprised a low proportion of patients
exhibiting APOS. The resulting small sample of interest
could explain some of the conflicting results. The measure
to which several variables of interest were reported also
greatly varied. A significant number of articles (n = 18) was
excluded due to only their abstract being published, which in
turn did not provide sufficient insight into study methodol-
ogy and results. These factors have likely contributed to a
low statistical power, underscoring the need for a meta-anal-
ysis which can provide a more precise estimate of the effect
of variables of interest. Included studies were not graded on
certainty of evidence, therefore no statements can be made
on the measure of bias. Combined with differences in study
methodology and population, the heterogeneity in APOS
definition between studies does not permit an adequate
pooling of results. All studies included were retrospective,
disallowing any causal statements. Admittedly, given the
limited incidence of APOS a prospective design would not
be cost-effective. It would have been interesting to evalu-
ate whether the association between seizure characteristics
and clinical outcome is modified in a pediatric population.
However, adult and pediatric study samples were generally
composed of both patients with and without APOS, and indi-
vidual patient data was not available. Additionally, included
studies showed considerable heterogeneity regarding surgi-
cal procedure and pathological subtype. However, the role
of surgical procedure, practice variations, or pathological
subtype was not investigated in the included studies. Com-
paring these variables across studies was not feasible, as
one-on-one comparisons between these small studies would
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Table 3 Summary of current knowledge gaps and starting points for future research

Knowledge gaps

Starting points for future research

The heterogeneity of APOS makes categorization into RDS/RUS
challenging

The relationship between APOS semiology and RDS

The prognostic value of EEG-derived variables (e.g. IED presence/
laterality, EZ size, resting state activity, postictal changes, seizure
onset patterns)

The mechanism behind bilateral spiking and secondary epileptogen-
esis

The role of MRI in predicting seizure recurrence

Pathophysiological differences between early and late APOS

A prognostic threshold for APOS frequency or timing of onset does
not exist

The impact of practice variations, pathology subtype, and surgical
procedure on APOS outcome

The implication of medical history components in APOS evolution to
RDS/RUS

Developing and validating a standardized classification system for

APOS subtypes based on clinical and pathophysiological presentation

Prospective studies focused on establishing the relationship between

habitual vs. non-habitual vs. neighborhood APOS and long-term
seizure outcome

Clinical studies investigating the prognostic value of IED presence/

laterality, EZ size, resting state activity, postictal changes, and seizure
onset patterns for seizure outcome following APOS using a standard-
ized protocol

Fundamental research focusing on bilateral spiking network dynamics,

genetic/molecular pathways involved in secondary epileptogenesis,
and the role of synaptic plasticity in the EZ and contralateral regions

MRI studies focused on investigating predictors (e.g. lesion subtypes,

lesion circumference, and postoperative presence of residual tissue)
for seizure recurrence in patients with lesional pathologies

Clinical studies comparing the clinical presentation and/or physiologi-

cal measures between early vs. late APOS to determine prognostic
implications

Clinical studies focused on identifying clinically relevant cut-offs for

APOS frequency and timing of APOS onset through subgroup analy-
ses

Prospective studies focused on the influence of practice variations,

pathology subtype, and surgical procedure on seizure outcome after
APOS

Retrospective studies focused on clarifying which medical history com-

ponents are associated with seizure outcome after APOS

The feasibility of combining EEG-derived variables, APOS frequency, Applying multivariate models in prospective cohorts which integrate

and medical history to predict long-term outcome

EEG-derived variables, APOS frequency, and medical history for
outcome prediction

Prognostic studies investigating the use of machine learning to integrate

imaging, EEG, and clinical data to predict evolution to RDS/RUS

* APOS Acute postoperative seizures; EZ Epileptogenic zone; [ED Interictal epileptiform discharges; RDS Running-down seizures; RUS Run-

ning-up seizures

not be valid. However, given the significant pathophysiologi-
cal differences associated with these variables, understand-
ing their role is crucial for accurately interpreting long-term
seizure outcomes.

Conclusion

The variability in clinical outcome following APOS deline-
ates the necessity for a more accurate classification of post-
operative seizures. Especially favorable prognostic factors
could aid counseling in clinical practice, as surgical fail-
ure is not certain in APOS. Existing literature sheds light
on numerous knowledge gaps, which offer valuable start-
ing points for future research with the potential to advance
our understanding of APOS and contribute meaningfully
to this critical field (Table 3). Prior studies have shown
EEG-derived variables (IED presence/laterality, EZ size),
APOS frequency, and medical history (GTCS, head trauma,

encephalitis) are associated with RDS/RUS as opposed to
ictal expression and timing of seizure recurrence. However,
the strength of these associations is uncertain due to small
sample sizes, limited reporting of variables of interest, and
strong between-study heterogeneity. Due to limited evi-
dence, the relationship between MRI findings and seizure
recurrence is still unclear. Future research should focus on
constructing and validating a multifactorial model that inte-
grates IED presence/laterality, EZ size, APOS frequency,
and medical history components such as GTCS, head
trauma, and encephalitis to more accurately predict long-
term seizure outcome following resective epilepsy surgery.
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