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Abstract

exploration.

Post-stroke epilepsy (PSE) is a common complication of stroke, significantly impacting patient’s quality of life. Repeti-
tive transcranial magnetic stimulation (rTMS) is an emerging potential non-invasive treatment for PSE. This review
explores current evidence for rTMS in PSE, highlighting its potential benefits and limitations. Initial studies suggested
that rTMS may reduce the seizure burden. Some studies observed a trend towards fewer seizures within two weeks
of treatment initiation, indicating a relatively rapid response. Additionally, rTMS may be more effective when used

in combination with medication, particularly for patients with specific lesion locations (frontal/temporal lobes)

and seizure types (complex partial seizures). This points towards the potential of personalized treatment protocols.
However, current evidence has limitations. Studies often involve small sample sizes and methodological variations,
necessitating larger, well-designed trials with standardized protocols to confirm the efficacy and safety of rTMS in PSE.
Future research should also focus on the optimization of treatment parameters, including stimulation frequency,
duration, coil placement, and treatment course. Long-term studies are needed to evaluate the persistence of treat-
ment effects on seizure control, cognitive function, and overall patient outcomes. Refining patient selection criteria
and investigating the underlying mechanisms of therapeutic effects of rTMS in PSE are also crucial areas for future
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Background

Stroke is a leading cause of disability and death globally,
and is a major risk factor for epilepsy, especially in older
adults [1]. It has been estimated that around 0.5% of the
global population has epilepsy, with stroke being the
most common cause (30-50% of cases) [1-3]. Notably,
seizures can occur years after a stroke, or even during its
initial stages.

Post-stroke epilepsy (PSE) is characterized by sei-
zures that develop after a stroke [4], being early-onset
(occurring within the first two weeks) or late-onset
(occurring later) [5]. Early-onset seizures are likely trig-
gered by the initial brain injury, while late-onset sei-
zures are thought to arise from permanent changes in
the damaged brain tissue [4—6]. The prevalence of PSE
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is estimated to be 0.5-2.0%, but reported incidence
rates can vary due to the differences in how seizures are
diagnosed [7]. While anti-seizure medications are the
mainstay in PSE treatment, some patients continue to
experience seizures despite medication [8]. This high-
lights the need for exploring alternative or complemen-
tary therapies.

Repetitive transcranial magnetic stimulation (rTMS) is
a non-invasive brain stimulation technique that is emerg-
ing as a promising tool in treating various neurological
conditions including epilepsy [9]. rTMS offers a unique
advantage over traditional methods by allowing for tar-
geted stimulation and modulation of neuronal activity. In
epilepsy research, rTMS has shown promise as a diagnos-
tic tool to assess medication effectiveness by measuring
cortical excitability [10, 11]. The core principle of rTMS
involves placing a magnetic coil on the scalp to generate
a magnetic field that induces weak electric currents in
the targeted brain area, thereby altering neuronal activity
patterns [11]. This review explores the potential of rTMS
as a treatment for PSE.

Methodology

We searched PubMed, Cochrane Library, PSYCHInfo,
Scopus, and Google Scholar for studies investigating the
efficacy and safety of rTMS for treating PSE, published
from 2000 to May, 2024. The search strategy incorporated
a combination of Medical Subject Headings (MeSH)
terms and keywords related to rTMS, PSE, epilepsy, sei-
zure frequency, and seizure severity. Boolean operators
(AND, OR, NOT) were used to refine the search and
ensure retrieval of relevant studies.

The study inclusion criteria included: (1) recruiting
adults diagnosed with PSE, (2) using rTMS for interven-
tion, (3) evaluating the efficacy of rTMS in reducing sei-
zure frequency and/or severity as outcomes, or assessing
the safety and tolerability of rTMS for PSE, (4) having
a study design of randomized controlled trials (RCTs),
observational studies (cohort studies, case-control stud-
ies), or case series, and (5) published in English language.

The exclusion criteria included: (1) studies conducted
in animal models, (2) techniques other than rTMS were
used for epilepsy treatment, and (3) non-peer-reviewed
publications (e.g., abstracts, editorials).

Two reviewers (N. A & 1. J. O) independently screened
the search results based on titles and abstracts. Full-text
articles of potentially relevant studies were retrieved and
further assessed for eligibility. Any discrepancies between
reviewers were resolved through discussion or by con-
sulting a third reviewer (E. K). A narrative synthesis was
conducted, summarizing the key findings of the included
studies regarding the efficacy and safety of rTMS for PSE.
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Pathophysiology of PSE

Stroke is a major risk factor for epilepsy, particularly in
older adults. Seizures after a stroke can occur either dur-
ing the initial acute phase (early-onset) or years later
(late-onset) [8]. The underlying mechanisms of PSE are
complex and involve several interrelated processes. Both
hemorrhagic and ischemic strokes can cause damage
to brain tissue. This damage can include death of neu-
rons and formation of scar tissue. The damaged tissue
becomes a source of abnormal electrical activity in the
brain, which can lead to seizures [12].

Early-onset seizures that occur within the first two
weeks after a stroke, are associated with specific changes
in brain chemistry [13]. These changes include excito-
toxic release of glutamate that leads to overactivation of
neurons. Reduced blood flow and imbalances in electro-
lytes like calcium and sodium can also contribute to these
early seizures [13]. These transient disruptions in brain
chemistry can trigger seizures even after the acute stroke
phase resolves. Late-onset PSE that develops weeks,
months, or even years after a stroke, is a more chronic
condition. Permanent structural and functional dam-
age from the stroke progressively worsens, leading to
long-term alterations in neuronal activity. These changes
result in a hyperexcitable state in the brain, making it
more prone to seizures [14—16].

The diagnosis of PSE is made upon the occurrence of
two unprovoked seizures (not caused by metabolic, toxic,
or other factors) that occur outside the acute stroke
phase [17-20]. It is important to note that the diagnosis
is not specific for early-onset seizures; late-onset seizures
are sufficient for a PSE diagnosis [21-23].

The development of PSE is associated with disturbed
balance between excitatory and inhibitory signals within
the brain [24]. Following a stroke, the brain generally
experiences an increase in excitatory neurotransmission,
particularly involving the neurotransmitter glutamate
[17, 25]. The increased glutamatergic activity leads to
neuronal hyperexcitablility and increased susceptibility
to seizures. Furthermore, stroke can disrupt the inhibi-
tory mechanisms in the brain [26], which could be due to
the loss of GABAergic neurons, or a decline in the func-
tion of GABA receptors [18]. With the lack of adequate
inhibition to counterbalance excitation, brain activity
becomes dysregulated, significantly increasing the risk of
seizures.

Evidence for the efficacy and safety of rTMS in PSE

A few studies have explored the potential of rTMS as a
treatment for PSE (Table 1), suggesting that rTMS may
be effective in reducing the seizure frequency, particu-
larly for patients with lesions in specific brain regions.
rTMS can decrease the seizure frequency in patients
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with epilepsy. Brasil-Neto et al. investigated low-fre-
quency rTMS in patients with intractable epilepsy and
found a 22.8% reduction in the average daily number of
seizures [27]. Other studies with varying stimulation
parameters have reported similar reductions in seizure
frequency [28-30]. A study by Kinoshita et al. observed
a trend towards reduced seizures within two weeks of
low-frequency rTMS in patients with medically intrac-
table epilepsy [28], suggesting a potential of early ben-
efit from rTMS treatment in PSE.

Furthermore, a study suggests that rTMS may be
more effective in PSE patients with lesions in the fron-
tal, temporal, and parietal lobes [26]. This finding
highlights the potential importance of targeting spe-
cific brain regions based on the location of the stroke
damage. Also, combining rTMS with medication sig-
nificantly reduces epileptiform discharges and clinical
seizures compared to medication treatment alone [26].
This effect is particularly pronounced in patients with
temporal and frontal lobe lesions. For patients with
parietal lobe lesions, rTMS combined with medica-
tion significantly reduces epileptiform discharges. This
combinational therapy can also effectively ameliorate
depressive symptoms and cognitive impairment, espe-
cially in those with frontal lobe lesions.

While rTMS is generally considered safe, some poten-
tial adverse effects can occur, particularly during the ini-
tial stage of treatment. The most frequent side effect is
scalp discomfort or pain at the stimulation site [26-29],
manifesting as tingling, itching, or a general feeling of
discomfort. In addition, headaches can occur after rTMS
sessions, but they are usually mild and can be managed
with over-the-counter pain medication [27, 30].

Discussion
In this paper, we review current evidence for rTMS as a
treatment for PSE. While research in this area is ongoing,
rTMS has shown potential effectiveness in reducing sei-
zure burden. Some studies observed a potential for early
improvement, with a trend towards reduced seizures
within just two weeks after treatment initiation [27-29].
This is particularly promising for patients who need a
faster response to manage their seizures. Another inter-
esting finding is that the location of stroke damage and
the type of seizures may influence the efficacy of rTMS
[26, 27]. For instance, rTMS might be more effective for
patients with damage in the frontal or temporal lobe,
and for those experiencing complex partial seizures. This
highlights the importance of developing targeted rTMS
protocols that can be tailored for each patient.

The use of low-frequency rTMS for PSE was primarily
based on its hypothesized inhibitory effects on the over-
active neural circuits implicated in the pathophysiology
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of the disorder [26-30]. Several preclinical and clinical
studies have suggested that low-frequency rTMS over the
prefrontal cortex can downregulate cortical excitability,
which aligns with the proposed mechanisms underlying
PSE [31, 32]. Future studies comparing low-frequency
r'TMS with other stimulation protocols, such as high-fre-
quency rTMS or theta burst stimulation, are warranted
to optimize the treatment outcomes.

Moreover, studies suggest that combining rTMS with
medication may be more effective than medication alone
in reducing seizure frequency, especially for patients
with lesions in the temporal or the frontal lobe [26]. This
means that rTMS could be a valuable addition to exist-
ing treatment plans, potentially offering extra benefits
for patients with medication-resistant PSE. In addition,
unlike surgery, which is a more invasive option, rTMS
offers a non-invasive approach for PSE patients. Addi-
tionally, studies suggest that it is generally well-toler-
ated, with most side effects being mild and temporary
[33]. This makes rTMS a potentially attractive option for
patients who experience medication-resistant seizures or
who are not suitable candidates for surgery due to under-
lying health conditions.

While the initial findings on rTMS for PSE are promis-
ing, there are limitations that need to be addressed before
it can be widely adopted in clinical practice. A consistent
theme across studies is the need for larger, well-designed
trials with standardized protocols. Current studies often
involve relatively small patient groups and methodologi-
cal variations, making it difficult to definitively confirm
the effectiveness of rTMS for PSE. Future studies with
larger sample sizes and consistent protocols will be cru-
cial to solidify the evidence base. Also, current research
suggests that low-frequency stimulation is generally
preferred for PSE. However, this is just a starting point.
Further investigations are needed to determine the opti-
mal parameters to maximize the rTMS effectiveness.
Additionally, a deeper understanding of the mechanisms
by which rTMS works in PSE can pave the way for the
development of more targeted and effective treatment
approaches.

Conclusions

Research on rTMS for PSE has provided exciting find-
ings. Initial studies suggest that rTMS helps reduce sei-
zures, showing potential as a valuable tool for managing
the condition. The potential benefits are two-fold. First,
some studies observed a trend towards fewer seizures
within only two weeks of treatment initiation, suggesting
a relatively rapid response, which is beneficial for patients
needing faster relief. Second, rTMS may have improved
efficacy for seizure control when used in combina-
tion with medications, particularly in drug-refractory
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patients. This could greatly improve their quality of life.
Another interesting finding is that rTMS might be more
effective when targeting certain locations of the stroke
damage and types of seizures a patient experiences. This
paves the way for personalized treatment.

However, there is still more to learn. Larger studies
with standardized protocols are needed to definitively
confirm the effectiveness and safety of rTMS. It is also
crucial to optimize treatment parameters, such as stim-
ulation frequency and duration. Long-term studies will
be essential to assess the lasting impact of rTMS on sei-
zures, cognitive function, and overall patient well-being.
Additionally, it is vital to develop more precise criteria
for selecting patients who will benefit most from rTMS.
Finally, a deeper understanding of how rTMS works in
PSE will allow researchers to develop even more targeted
and effective treatment approaches. While further inves-
tigation is necessary, the initial findings on rTMS for PSE
are encouraging. This non-invasive and generally well-
tolerated treatment approach holds promise for improv-
ing seizure control and quality of life of patients with this
condition.
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