
Seizures in Multiple Sclerosis are, above all, a Matter of 
Brain Viability

Abstract

Objective: Most patients with Multiple Sclerosis (MS) never have a seizure, although they are at risk for seizures since the 
onset of MS. This paradox leads us to suppose that MS plays a minor role in seizure generation and epileptogenesis.

Methods: Qualitative study using data triangulation and inductive content analysis. A comprehensive literature search was 
carried out in four electronic databases (MEDLINE, Embase, Web of Science, and Google Scholar).

Results: In MS patients, unprovoked seizures occur rarely (in about 3 percent of cases). Pediatric MS involves seizures more 
common than adult or late-onset MS. In general, children with seizures do not have poorer MS prognoses than children with-
out seizures. Contrary to the general population, seizures do not peak in older MS patients. Since the use of disease-modifying 
therapies in the treatment of MS (i.e., since 1993), the frequency of seizures in MS patients has not changed considerably. 
Epilepsy syndrome cannot be recognized in MS patients with seizures. As a rule, seizures in MS are not difficult to treat. A 
sudden unexpected death in MS patients with seizures has not been observed more commonly than in the general epilepsy 
population. A disruption of the blood–brain barrier is the most obvious proconvulsive factor of MS. However, neither MS re-
lapses nor a high rate of MS relapses is normally accompanied by seizures. Structural brain abnormalities usually accumulate 
over the course of MS. However, a high brain magnetic resonance imaging lesion load does not have a substantial impact on 
seizure occurrence in MS.

Conclusion: MS does not have a major role in seizure generation and epileptogenesis. In most cases, the seizure-promoting 
effects of MS can be successfully counteracted by the brain´s protective mechanisms.
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Introduction

The epileptogenicity of Multiple Sclerosis (MS) was realized 
shortly after Charcot defined MS and gave it the name [1,2]. At 
that time (i.e., in the second half of the 19th century), the oc-
currence of seizures in MS patients was observational evidence 
that, due to a lack of understanding of both MS and seizure dis-

orders, could not evoke a debate on the causation of seizures in 
MS. Since then, a mounting number of epidemiological studies 
have shown an increased frequency of epilepsy in MS patients 
compared with the general population [3,7]. Some research-
ers have tried to prove the opposite by intensive searching for 
competing causes of seizures in MS patients [5]. However, even 
though they found competing risks of seizures in many cases, 
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they could not demonstrate that seizures in MS happen purely 
by chance [5]. The seizure generation and epileptogenesis in MS 
are still poorly understood [7]. During an MS relapse, epileptic 
seizures do not usually occur [8]. A relapse rate in MS does not 
correlate with seizure occurrence [9]. Owing to these observa-
tions, it seems that highly active MS does not have a proconvul-
sive effect. Current knowledge on the Blood–Brain Barrier (BBB) 
argues the opposite [10,11]. Namely, every MS relapse implies 
a breakdown of the BBB [11], and this—as has been repeatedly 
demonstrated by miscellaneous experimental studies—actually 
induces seizures [10]. A lack of coherence between seizure oc-
currence and MS activity leads us to suppose that MS has a mi-
nor role in seizure generation and epileptogenesis.

Methods

To elucidate the role of MS in seizure generation and epi-
leptogenesis, a qualitative study using data triangulation and 
inductive content analysis was performed. A comprehensive 
literature search was conducted in four electronic databases 
(MEDLINE, Embase, Web of Science, and Google Scholar). The 
following keywords or key phrases were searched – multiple 
sclerosis, clinically isolated syndrome, radiologically isolated 
syndrome, seizure generation, epileptogenesis, risk factors for 
seizures, structural brain abnormalities, autoimmunity, blood–
brain barrier, blood–brain barrier disruption, excitatory–inhibi-
tory balance, homeostasis, brain aging, neurodegeneration, 
immunosenescence. To avoid ambiguities regarding seizures 
and epilepsy in MS patients (see Limitations), in the study, we 
preferred the term seizures. We covered all epileptic seizure 
disorders that could be related to MS. Acute symptomatic sei-
zures and genetic epilepsies in MS patients were not addressed. 
The term epilepsy was used only when it was inevitable due to 
context.

Results

Recent epidemiological studies have shown that epilepsy oc-
curs in approximately 3% of MS patients [6,7]. A comparison to 
the general population and to some other patients is depicted 
in Figure 1 [12,17].

Possible causes of seizures in MS: It is certain that MS bears 
a risk factor for seizures because (1) seizure occurrence is con-
siderably higher in MS patients than in the general population 
[7], and (2) structural brain abnormalities existing in every MS 
patient usually accumulate over the course of MS [18]. If MS is 
an autoimmune disease, autoimmunity must be considered a 
possible cause of seizures as well [19]. Furthermore, while liv-
ing with the disease, MS patients are aging (an additional risk 
factor for seizures) [20]. MS patients can suffer from medical 
conditions unrelated to MS, which concurrently carry a risk of 
seizures (Figure 2) [20]. Considering the general knowledge on 
the genetics of epilepsy [21], some MS patients are very prob-
ably genetically predisposed to seizures. The current diagnostic 
methods for seizures are insufficient to bridge the gap between 
the risk factors for seizures (population level) and the actual 
cause of seizures (individual level) [22]. Therefore, the true 
cause of seizures in a particular MS patient is seldom, if ever, 
absolutely clear. 

Proconvulsive properties of structural brain abnormalities: 
Gray and white matter abnormalities are present not only in 
structural epilepsies but also in other epilepsies, including idio-
pathic generalized epilepsies [23,24]. Their role in seizure gen-
eration and epileptogenesis remains incompletely understood 

[24].

The frequent structural brain abnormalities in both the epi-
lepsies and the MS are represented in Figure 3. Changes in the 
frontal lobe and thalamus are usually seen in temporal lobe 
epilepsy (the most common type of focal epilepsy syndrome), 
idiopathic generalized epilepsies, and MS [24,25]. Hippocam-
pal sclerosis, one of the most common pathological features 
in drug-resistant epilepsy, is found in up to 45% of all epilepsy 
syndromes [26]. In MS, regional atrophy of the hippocampus 
can already be identifiable in the early clinical stages [27]. Here-
after, across the MS course, the structural alterations of the hip-
pocampi (including demyelination, synaptic dysfunction, and 
neuronal loss) often progress [27]. Developmental anomalies 
of the corpus callosum are frequently associated with seizures 
[28]. Callosotomy can improve seizure outcomes in some drug-
resistant generalized epilepsies [29]. In MS, changes in the cor-
pus callosum can be seen early in the disease course and vary 
according to the duration and severity of the disease, from fo-
cal demyelination to almost complete destruction of the corpus 
callosum [30].

Proconvulsive properties of autoimmunity: Since the 1960s, 
several antibody-mediated encephalitis accompanied by sei-
zures have been demonstrated [19]. In MS patients with sei-
zures, no specific autoantibody has yet been identified [19]. 
Consequently, the contribution of immunological alterations to 
seizure generation and epileptogenesis in MS cannot be directly 
evidenced. However, there have been anecdotic reports on sei-
zure control in MS through immunotherapy after standard anti-
epileptic drugs have failed to suppress seizures [31,32]. Hence, 
at least in some MS cases, the immunological etiology of sei-
zures cannot be denied.

Resilience to seizures in MS: The infrequency of seizures 
in MS patients proves that in MS, the regulation of neuronal 
excitability is mainly preserved [7,33]. Proconvulsive effects of 
MS are, in most cases—due to the brain´s protective mecha-
nisms—successfully counteracted. This phenomenon can be 
seen throughout the course of MS. The onset of MS is clinically 
silent [34]. MS relapses are normally not accompanied by sei-
zures [8]. There is a whole range of MS unrelated risk factors 
for seizures (Figure 2), which—alone or in combination—are 
frequently experienced by MS patients, but below them, MS 
patients rather infrequently develop a seizure [20]. In the later 
stages of MS, seizures do not peak [6].

First-time seizures, in which evaluation reveals MS, at first 
glance question the resilience of MS patients to seizures. How-
ever, it is seen only in about 8% of MS cases with unprovoked 
seizures that a first-time seizure represents the first clinical 
manifestation of MS [4]. These kinds of seizures in MS are very 
probably overestimated because of the lack of evidence-based 
guidelines for evaluation after a first seizure in an MS patient 
[5]. So far, if MS is diagnosed, a first-time seizure is usually ex-
plained by MS without any further evaluation, although every 
seemingly unprovoked seizure in an MS patient is not always 
caused by MS [35]. In addition, first-time seizures in patients 
newly diagnosed with MS are not more difficult to treat than 
other seizures in MS [4]. They by no means herald drug-resis-
tant epilepsy.

Children are more prone to seizures than adults: This ob-
servation from the general population has also been observed 
in the pediatric MS population [12,36]. The occurrence of epi-
lepsy in children with MS is considerably higher than in patients 
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with adult-onset MS but is still rare; namely, less than 10% of 
children with MS suffer from epilepsy [36]. Epilepsy in a child 
with MS (which is very probably a result of MS) does not por-
tend poor outcomes, neither with regard to epilepsy nor to MS. 
Seizures in children with MS are usually pharmacoresponsive 
[36]. An accumulation of disability in children with MS due to 
seizures has not been observed [36].

Current therapies for MS do not seem to affect seizure oc-
currence: Although disease-modifying therapies for MS (in clin-
ical use since 1993) have reduced disability accrual in relaps-
ing-remitting MS (RRMS) patients, the occurrence of seizures 
in RRMS patients has not changed noticeably in the last three 
decades [6,37].

Convulsive status epilepticus is not a frequent event in MS 
patients: In MS patients, convulsive status epilepticus occurs 
very rarely [32]. The treatment of status epilepticus in MS pa-
tients usually does not pose particular difficulties [32]. In refrac-
tory status epilepticus, the addition of immunotherapy often 
proves beneficial [32].

Figure 1: The estimated proportion of epilepsy in the general population, in patients with multiple sclerosis, and in some other 
patients. Patients who have had epilepsy before the development of an acquired disease (before a traumatic brain injury) are not 
included. The data were collected from the most recent studies.
1within 5 years after stroke
2preoperative
3within 5 years after injury
410 or more years after injury

In MS patients without a prior history of seizures, status epi-
lepticus carries an 86% risk of epilepsy over the subsequent 10 
years [9]. The possible correlation between status epilepticus 
and subsequent pharmacoresistant epilepsy in MS patients has 
not yet been studied. However, pharmacoresistant epilepsy has 
not been more commonly observed in MS patients than in the 
general population [3].

Sudden unexpected deaths in MS patients: Sudden unex-
pected death in MS patients with seizures has not yet been 
widely investigated. There are no hints that in MS patients with 
seizures, sudden unexpected death would be more common 
than in the general epilepsy population [38].

The role of MS in seizure generation and epileptogenesis: 
The natural history of seizures in MS shows that it does not play 
a major role in seizure generation or epileptogenesis. This view 
is confirmed by epidemiological data on seizures and epilepsy 
in MS patients [7]. Specific pathological events underlying MS 
are seizure-promoting [11]. However, in vivo, they can be suc-
cessfully counteracted by the brain´s protective mechanisms 
[33,39].

 

 

 

Figure 2: MS is a risk factor for seizures. While living with the dis-
ease, MS patients are aging (an additional risk factor for seizures). 
Besides, they can suffer from medical conditions unrelated to MS, 
which concurrently carry a risk of seizures. MS: multiple sclerosis; 
t: time.
1if MS is an autoimmune disease 
2with a low threshold for seizures

 

 

 

Figure 3: The most striking structural brain abnormalities of both 
MS and common epilepsies. In these brain regions, pathological 
changes are frequently found already in the early stages of MS. 
MS: Multiple Sclerosis.
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Discussion

The BBB disruption—the most striking seizure-promoting ef-
fect of MS—highlights the paradoxical feature of MS patients 
– resilience to seizures [11]. Most MS patients never have a sei-
zure, even most of them with a high brain Magnetic Resonance 
Imaging (MRI) lesion load or a long disease duration [7,40]. The 
homeostatic regulation of neuronal excitability is usually main-
tained in MS, although brain integrity is—as a result of MS—ir-
reversibly lost [25]. How this is possible, however, is still poorly 
understood.

The nervous system mitigates its devastation due to MS: 
The human nervous system possesses numerous protective and 
regenerative mechanisms [39,41]. They invariably shape the 
MS manifestation and course. Here, interindividual variability 
must be considered because the ability of the Central Nervous 
System (CNS) to maintain itself is genetically regulated and, ad-
ditionally, influenced by the environment [39,42]. Every MS re-
lapse with a complete neurological recovery and therapy naïve 
benign MS indirectly proves the beneficial contribution of the 
CNS in the manifestation of MS. However, in progressive MS, 
CNS viability prevails over the devastating consequences of MS 
as well. On account of accumulating neurological disability, the 
protective and regenerative processes in progressive MS are 
admittedly not easily recognizable. Yet they certainly exist. Oth-
erwise, there would be no MS patients who would live for years 
in spite of MS progression. Nevertheless, a great number of pa-
tients with progressive MS reach old age [43].

Regulation of neuronal excitability is profoundly protected: 
The surprisingly rare occurrence of seizures in MS reveals that 
the regulation of neuronal excitability—the basic prerequisite 
of normal brain function in humans—does not automatically 
fail when the brain structure is irreversibly impaired due to MS. 
A similar uncoupling of neuronal excitability from brain intact-
ness is seen—to a greater or lesser extent—in other acquired 
diseases of the brain, in stroke, and in traumatic brain injury 
(Figure 1) [13,15,17]. Owing to such a hierarchy in brain orga-
nization, brain viability and functionality are much greater than 
they could be if the regulation of neuronal excitability is coupled 
with the normal brain structure. However, in spite of this and 
other major strengths, the human brain has several (minor) 
weaknesses on which environmental threats or unhealthy hab-
its play, and, finally, often cause various diseases of the brain.

MS is a risk factor for seizures: Although the exact origin of 
MS still needs to be clarified, it is evident that MS is a disease 
with two protagonists—the central nervous system and the im-
mune system. Both are never the same, for they are—owing to 
their fundamental aim—extremely open to the outside world 
(which is mutable and frequently dangerous) and because they 
memorize [39,44]. Viewed in this light, the variability in the clin-
ical manifestation of MS appears to be a logical consequence 
of the numerous interactions between the two changeable or-
ganic systems.

Epidemiological data on a considerably higher frequency of 
seizures in MS patients compared to the general population [7] 
raise the question how MS causes seizures. However, this ques-
tion disregards one of the core features of seizures in MS—their 
rarity. Namely, less than 10 percent of MS patients experience 
seizures [7], although in all MS patients, the brain is ad infini-
tum—and often mounting—affected owing to MS [25,27,30]. 

Generally speaking, the occurrence of seizures implies a 

breakdown in the regulation of neuronal excitability [33]. Why 
it happened only in some MS patients is still an enigma. Yet the 
current knowledge on seizures in MS portends that the brain, 
with its viability—and not the pathological processes related to 
MS per se—rules whether seizures occur in MS or not. 

Occurrence of seizures in MS is a complex phenomenon: 
In MS patients with seizures, all seizure types (epilepsy types) 
can be seen [3]. Here, epilepsy syndrome cannot be recognized. 
Consequently, it must be assumed that several pathophysiologi-
cal mechanisms underlie seizure generation and epileptogen-
esis in MS. This reasoning is strongly supported by the age of 
seizure onset, per se, and in relation to MS duration. In three 
and more decades, while living with MS, neither the CNS of MS 
patients nor their MS remained the same. The brain develops 
and subsequently ages (pediatric-onset MS) or ages (adult- and 
late-onset MS), and, in addition, usually suffers losses as a result 
of destructive processes related to MS (primary progressive MS 
and secondary progressive MS (SPMS)) [42,45]. With the pass-
ing of time, MS activity usually wanes, although the disability in 
MS patients often accumulates [45,46]. Therefore, it is impos-
sible that a first-ever unprovoked seizure in a child with MS, in 
a young adult newly or recently diagnosed with MS, or in an 
old person with long-term MS could share the same underlying 
mechanism.

Given that MS relapses are practically never accompanied 
by seizures [8], MS patients with seizures cannot be viewed as 
those with less efficient endogenous antiseizure mechanisms. 
If an acute neurologic deterioration (with BBB disruption, as is 
the case in MS relapses [11]) proceeds without seizures, then 
the endogenous antiseizure mechanisms are certainly efficient. 

An overcharging of the endogenous antiseizure mechanisms 
could explain the occurrence of every single seizure in MS pa-
tients. However, a lack of clear correlation between seizure oc-
currence and brain MRI lesion load or MS duration [7,47] ar-
gues against the assumption that MS per se might, due to its 
intensity or over the course of time, induce exhaustion of the 
endogenous antiseizure mechanisms.

A lesson on corpus callosum: The non-occurrence of sei-
zures in MS, usually seen also in progressive MS [9], reminds 
by itself that the occurrence of seizures in MS cannot be gener-
ally explained by an exhaustion of the endogenous antiseizure 
mechanisms. How it is possible that the endogenous antisei-
zures mechanisms in MS do not abate as a rule still needs to 
be clarified. However, the changes in the corpus callosum in 
MS (varying from small scattered foci of demyelination to al-
most complete destruction [30]) provide food for thought. An 
extensive destruction of the corpus callosum taking place in ad-
vanced MS is actually like a corpus callosotomy (a surgical pro-
cedure often efficiently used in the treatment of patients with 
drug-resistant epilepsy since 1940 [29]). 

Besides the destruction of the corpus callosum, there have 
to be other MS-related changes in the CNS that are unfavorable 
for seizure generation and propagation in MS. Keep in mind that 
all stages of MS are features of resilience to seizures [7,9] and 
not only the late stages.

Limitations

Owing to its analytical approach, this study has no consider-
able limitations. Nevertheless, it should be considered that the 
field of both MS and epilepsy has been affected by the evolu-
tion of their understanding and by diagnostical errors due to a 
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lack of specific diagnostic tests for them. Several diseases mimic 
MS [48]. In some cases, they were mistakenly diagnosed with 
MS, especially before the MRI era (i.e., before the 1980s [49]). 
Similarly, the diagnosis of epileptic seizures and epilepsy in MS 
patients can be challenging. Nonepileptic paroxysmal events 
(resembling epileptic seizures) are sometimes misdiagnosed as 
epileptic seizures [22]. Furthermore, the definition of epilepsy 
has changed. According to the current definition of epilepsy 
[50], all MS patients cannot be diagnosed with epilepsy after 
the first unprovoked seizure but only SPMS patients and those 
in which a first-ever seizure leads to status epilepticus [9]. Due 
to this most recent and all prior revisions of the definition of 
epilepsy, the comparison of epidemiological studies on epilepsy 
in MS over time is doubtlessly restricted. In addition, appar-
ently unprovoked seizures in MS are not always related to MS, 
although they are often automatically (without any extended 
diagnostic) viewed as a result of MS [35].

Conclusion

The seizure generation and epileptogenesis in MS are still 
poorly understood. MS possesses proconvulsive properties. 
The destruction of BBB is the most obvious seizure-promoting 
factor of MS. Yet a high MS activity (clinically manifested as MS 
relapses and invariably accompanied by BBB destruction) does 
not correlate with seizure occurrence. Like most patients with 
non-progressive MS, most patients with progressive MS never 
have a seizure. Viewed in this light, it is evident that MS per se 
cannot play a major role in seizure generation and epileptogen-
esis.

A deep consideration of the cause of seizures in MS patients 
guides toward the homeostatic regulation of neuronal excitabil-
ity. If it fails, seizures are an unavoidable event. The frequency 
of seizures in MS of less than 10 percent indicates that in human 
beings, the homeostatic regulation of neuronal excitability is 
not coupled to structural intactness of the brain. The same can 
be seen in other acquired brain diseases and traumatic brain 
injuries as well.

Seizure occurrence in MS is dependent much more on the 
innate brain´s capabilities to inhibit seizure generation and epi-
leptogenesis than on MS per se. Here, it clearly shows that the 
manifestation of MS is significantly shaped by neurohomeosta-
sis. Therefore, without understanding neurohomeostasis (in 
health and disease), the heterogeneity of MS cannot be under-
stood. 
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