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Abstract
Harmful use of alcohol is associated with a higher risk of seizures. The relationship between alcohol and
seizures is complex. Numerous researches on rats and mice have contributed to elucidate alcohol’s effects on the
brain. The consequences of seizures are relevant in terms of quality of life, injuries, therapeutical adherence, social
and professional insertion. Therefore, it is important for all patients, whatever their age or stage of the alcoholism
intoxication process (from first experience to chronical alcoholism) to tent to prevent the apparition of seizures,
providing adequate prevention of withdrawal syndrome and to identify the patients who need chronic antiepileptic
treatment. This presentation summarizes some of major data to understand how alcohol consumption, from acute
intoxication to chronic misuse, can promote seizures and the basic measures to manage alcohol-related epilepsy.
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Introduction
Ethanol is an old recreational and social beverage easily obtained
by fermentation of sugars and consumed throughout the world. The
highest level of consumption is observed in developed countries [1].
The harmful use of alcohol, defined as a pattern of drinking that leads
to physical or mental damage, is recognized by the World Health
Organization as one of the major risk factors for the development of
disease, disabilities and death throughout the world [1]. It has also
been associated with an increased risk of seizures. A meta-analysis
performed in 2010 by Samokhvalov and coworkers concludes to
a relative risk (RR) for epilepsy/unprovoked seizures of 2.19 (95%
confidence interval CI= 1.83-2.63) for alcohol consumers, compared
to abstainers. These authors point out a dose-response relationship
between the daily amount of alcohol intake and the RR of epilepsy,
raising from 1.17 (95% CI=1.13-1.21) to 3.27 (95% CI = 2.52-4.26) for
an individual daily alcohol consumption of 12g to 96g respectively [2].
It is likewise observed, in a multicenter case-control study performed in
Italy, that an alcohol intake of more than 50 grams a day is a risk factor
(odds ratio 4.9; confidence limits 3.1-7.9) for a first generalized tonicoclonic seizure in adult life (≥15 years) [3].
The relationship between alcohol and seizure/epilepsy is complex.
On the one hand, ethanol misuse promotes the occurrence of brain
diseases or metabolic changes that can provoke seizure (such as stroke,
traumatic brain injuries, dementia and acute hyponatremia). On the
other hand, the toxicity of ethanol changes neurotransmitter pathways
modifying the epileptic threshold. The risk for alcohol-related seizures
depends on the daily amount of alcohol intake but is also modulated by
multiple individual factors as sex, age, genetic factors, environmental
factors and co-morbidities. Psychiatric co morbidities associated with
alcohol misuse can also aggravate neurological status or diminish the
epileptic threshold (e.g., depression and anxiety disorders leading to
neuroleptic or antidepressant drugs use).
Although epilepsy is a common disease around the world, it remains
often misunderstood by some or stigmatized, can deteriorate social
integration or self-esteem and can promote psychiatric comorbidities
as depression, anxiety and suicide [4]. The risk of injuries and cognitive
deterioration related to epilepsy adds to these related directly to alcohol,
with possible loss of autonomy as consequences. Hence, it is important
to tent to prevent the apparition of epilepsy in the context of alcohol
misuse, essentially providing adequate withdrawal management, or
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to treat it adequately once necessary. This presentation provides an
overview of the major data about the relationship between alcohol
consumption and seizures/epilepsy and the management of alcoholrelated seizures.

Alcohol and Central Nervous System, from Acute
Alcohol Intoxication to Alcohol Tolerance
A little part (up to 10%) of the ingested alcohol is eliminated
through the lungs, urine and sweat. The main part is metabolized by
the stomach and the liver. Afterwards, the remaining amount of ethanol
and its metabolite acetaldehyde crosses the blood brain barrier and
affects brain neurotransmitters. The main signs of acute intoxication
are dose-dependant and consist of behavioral (euphoria, anxiolysis,
disinhibition) and cognitive (misjudgment and memory problems)
changes, as well as altered states of consciousness, ranging from slight
sedation to coma. Due to prolonged alcohol exposition, the central
nervous system adapts and develops alcohol tolerance, defined as the
need to drink more alcohol to obtain signs of intoxication or the desired
effect [5].
Several variants of alcohol dehydrogenase (ADH) and aldehyde
dehydrogenase (ALDH), two enzymes implicated in the peripheral
alcohol metabolism and a wide polymorphism among genes implicated
in neurotransmitter pathways contribute to the variability of the
individual alcohol sensitivity and the risk of alcohol-use disorders
[6]. The term alcohol-use disorders make reference to alcohol abuse
(a maladaptive pattern of substance use leading to clinically significant
impairment or distress […]), and alcohol dependence (physiological
dependence on alcohol is indicated by evidence of tolerance or
symptoms of withdrawal) [5].
Numerous ethanol brain targets have been identified. The part
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of each in the apparition of alcohol-use disorders or alcohol-related
seizures is still the subject of several researches. Among them, the
glutamatergic N-methyl-D-aspartate (NMDA) receptor is one of the
major keys for a better understanding of the relationship between
alcohol and seizures.
The amino acid glutamate belongs to a complex system involved in
fast synaptic transmission, plasticity and cognitive/memory functions.
It is known as the major excitatory neurotransmitter used throughout
the brain. The glutamatergic post-synaptic action is mediated by
ionotropic receptors (ligand-gate ion channels, represented by NMDA,
kainic acid (KA) and α-amino-3-hydroxy-5-methyl-4-isoxazole
(AMPA) receptors) and metabotropic receptors (G protein-mediated
receptors). The ionotropic NMDA receptor is formed by a combination
of two subunits. One (NR1) determines the major electrophysiological
and pharmacological features of the NMDA receptor, while the other
(NR2) confers modulatory properties. Both subunits present several
variants (respectively seven and four). The first is expressed at high
levels in most neurons, while the expression of the other evolves from
the developing into the adult brain [7].
Various researches on mouse and rat brains or cultured cells have
demonstrated an inhibition of the NMDA receptor activity induced
by acute alcohol ingestion [8-11]. Lovering and coworkers have
demonstrated a linear inhibition up to 61% of the ion current produced
by NMDA receptors, induced by ethanol (from 5 to 50mM), and a
slighter ethanol affinity to inhibit the AMPA and KA receptor function
[12]. Several allosteric regulatory binding sites on the NMDA receptor
modulate its activity (such as the binding site of glycine). It can also
vary according to the subunits composition of the receptor, which
varies across brain regions [7,13].
Contrariwise, ethanol facilitates the activation of γ-amino butyric
acid (GABA)a receptor [14], a chloride channel that stabilizes the
membrane potential near the resting level. This effect is variably
highlighted, maybe due to an indirect effect of ethanol to the GABA
receptor [15] or due to the variation of subunit composition [13].
In acute alcohol intoxication, the inhibition of the NMDA receptor
combined to the enhancement of the GABAa activity offer clues to
understand dose-related clinical signs of acute intoxication, during
which the epileptic threshold is raised.

Alcohol and Central Nervous System, from Chronic
Alcohol Intoxication to Alcohol-Dependence and
Withdrawal Syndrome
According to the definition of the DSM-IV, physiological
dependence on alcohol is indicated by evidence of alcohol tolerance
or symptoms of alcohol withdrawal including withdrawal seizures [5].
It is observed in rats that chronic ethanol administration induces
up-regulation of the glutamate receptors with a raised amount of
subunits NR1, NR2A and 2B in the cortex and hippocampus. This
phenomenon is reversible and returns almost to baseline 48h after
the last dose of ethanol administration [16]. In rat experiments, the
overexpression of NMDA receptors leads to glutamatergic hyperactivity
in the hours after alcohol withdrawal and the release of the NMDA
receptor inhibition [11,17]. This hyperactivity is temporally correlated
with the withdrawal symptoms. Furthermore, the administration of
a NMDA receptor antagonist reduces ethanol withdrawal symptoms
and glutamate extracellular overflow, in the same way that ethanol
recharges, whereas diazepam reduces withdrawal symptoms but not
glutamatergic output [17].
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A similar mechanism is observed with the L-type voltage-sensitive
calcium channels, which are inhibited by acute exposition to ethanol
and up-regulated after chronic exposition. They can contribute to the
further withdrawal syndrome [13]. Moreover, the chronic exposition to
alcohol decreases the expression of α1 and α2 mRNAs subunits of the
GABAa receptor in the brain cortex of rats [18], a mechanism that is
probably also implicated in tolerance phenomena.
Headache, tremor, agitation, anxiety, sweating, craving to drink, but
also abnormal vital signs as tachycardia, hypertension, hyperthermia,
and tachypnea can be the first symptoms of alcohol withdrawal. Fast
intervention is needed to prevent further severe complications as seizure,
delirium tremens or sever autonomic hyperactivity. The mortality related
to alcohol withdrawal syndrome reaches about 8% [19]. Generalized
tonic-clonic seizures occur in 3 to 10% of individuals in alcohol
withdrawal [5,20]. Focal seizures related to alcohol consumption are also
reported (up to 24% in the alcohol related seizures group reported by
Earnest and Yarnell) with an other underlying etiology in some of them
(up to 15% in the same series) [21-23].
Using benzodiazepines (BZD) for seven days is recommended to
prevent the withdrawal syndrome when a detoxification is planned for
a patient who has at least one of the following: 1) a daily consumption
reaching 10 units in woman or 15units in men (1 unit = a beverage
containing 8g of ethanol). 2) recent withdrawal symptoms. 3) recent
drinking to prevent withdrawal symptoms. 4) heavy episodic drinking
(>20 units/day) with a last bout longer than one week [24]. 5) a history
of withdrawal seizures. 6) notable comorbid medical illness [25]. All
BZD seems to be efficient to reduce withdrawal symptoms. The use of
long-acting agents (as diazepam and chlordiazepoxide) presents the risk
of prolonged sedation. Agents with shorter half life (as lorazepam) can
be considered as first choice in elderly who present lower metabolism
and higher risk of toxic accumulation [25]. Besides, lorazepam has the
advantage of a prolonged anticonvulsive activity and reduces the risk of
recurrent seizures compared to placebo [19,26] but evidence lacks to
make further recommendations [24,27]. The risk of misuse exists with
all BZD and their utilization must be supervised [24,25].
In the case of unplanned or spontaneous withdrawal and according
to the severity of the latter, oral or intravenous BZD are used as first
choice, eventually associated with phenobarbital (PB) or propofol in
most severe cases [20]. Indeed, PB enhances both the binding of GABA
and the binding of BZD to the GABAa receptors, promoting the BZD
effect. Propofol offers probably the advantage of a combined GABAergic
and anti-NMDA activity, and has documented effectiveness in BZD
resistant withdrawal syndrome [20].
Alcohol-withdrawal seizures occur between 6 at 48 hours after
cessation of alcohol consumption in one third of patients in withdrawal
status, and can precipitate status epilepticus (up to 10.8% of the
patients admitted for generalized status epilepticus) [28]. BZD are
the drugs of choice to treat seizures. They are efficacious and safe for
primary and secondary seizure prevention. Lorazepam presents the
advantage of long-acting anticonvulsant action, compared to diazepam
or midazolam [29,30]. Other anticonvulsant drugs associated to BZD
should be restricted to the first few days because they do not provide
evidence of preventing further withdrawal seizures [27, 31-33] and
because of the elevated risk of poor therapeutic compliance in this
population [32,33].
Due to the heterogeneity of the trials, three reviews realized
respectively in 2005, 2010 and 2011, failed to demonstrate a benefit
of anticonvulsant therapy in the prevention/treatment of alcohol
withdrawal syndrome [27,34,35]. The major points can be resumed
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as follows: valproate and carbamazepine tried in primary prevention
and compared with placebo were difficult to use because of rapid
titration and related side effects [32]. Phenytoin failed to prevent
relapses of alcohol withdrawal seizures as compared to placebo, in a
tiny study population [31]. Oxcarbazepine was as efficient as BZD to
prevent seizures and reduce withdrawal symptoms and provided the
advantages of lower side effects and easier tapering, but again the study
population was small [36]. Topiramate, a large spectrum antiepileptic
with GABAergic and antiNMDA activities, has demonstrated efficacy
to prevent seizures and reduce withdrawal symptoms in rats and mice
[37,38] and to prevent seizures (open label study, with only 12 patients)
and to improve alcohol dependence in humans [39,40].

determined epilepsy syndromes such as juvenile myoclonic epilepsy
and epilepsy with generalized tonic clonic seizures only. These patients
must be well informed of the risk of ethanol consumption (in particular
in association with sleep deprivation). Avoidance of precipitant seizure
factors is one of the major parts of their treatment. An profound
anamnesis, in search of previous seizures, absences of myoclonia,
combined to EEG investigations are recommended for all patients to
identify those with underlying genetic determined epilepsy, especially
among patient with seizures within 6 hours after intake of alcohol
without withdrawal symptoms [23].

Besides pharmacological therapy, cognitive-behavioral therapies
should be introduced to modify the attitude towards alcohol, to keep the
patient motivated to stay abstinent and to sustain the rehabilitation [41].

The nature of the risks related to alcohol consumption varies
during life. Due to the immature state of their brain, people exposed
to alcohol early in life present a risk factor for alcohol misuse in later
life [1,50]. Children, adolescents and also elderly are more vulnerable
to alcohol-related injuries and crashes with motor-vehicles [1],
whereas mild to severe traumatic brain injuries increase the risk of
epilepsy and are incriminated in about 6% of epilepsy [51]. Among
the elderly, alcohol misuse concerns 1-3% of them and is sometimes
underestimated [52]. Elderly are susceptible to present more severe and
longer alcohol withdrawal symptoms than mid-life adults [53]. Some
particularities appear with aging: the gastric and liver metabolism of
alcohol is reduced, enhancing the blood level of ethanol and its impact
on the central nervous system, the epileptic threshold decreases and
the incidence of both convulsive and nonconvulsive status epilepticus
raises after the age of 60 years [54]. By these ways, the elderly population
is particularly vulnerable to alcohol misuse and its consequences.

From First Withdrawal Seizure to Epilepsy
It is observed that withdrawal symptoms become more severe after
repeated episodes [42,43]. Sandeep and coworkers report a significant
association between cortical atrophy and duration of alcohol intake
(mean duration of 23.62years, in a population study of 100 patients)
with a higher risk of clustering seizures in this group [23].
It is also observed that spontaneous seizures (i.e. not related
to withdrawal episode) can occur later in life in alcoholic patients.
Bartolomei and coworkers, observed that alcoholic patients presenting
spontaneous seizures are older, present a longer duration of intoxication,
have more often brain atrophy, a history of higher number of previous
seizures, and more neurologic signs, compared with alcoholic patient
presenting withdrawal seizures only [44]. The apparition of spontaneous
seizures and epilepsy, defined by the International League Against
Epilepsy as a disease of the brain generating at least two unprovoked
seizures occurring >24h apart [45], requires the instauration of longterm antiepileptic drugs (AED) and the avoidance of alcohol withdrawal
episodes. It is estimated that the duration of heavy alcohol consumption
must reach a dozen years to produce repetitive unprovoked seizures
[2,44].
The choice of AED will be guided by the side effects profile: older
AED’s as valproate, phenytoin and carbamazepine present higher
risks of drug-drug interactions, hepatotoxicity, pancreatitis and –
in case of valproate- hepatic encephalopathy. Among newer AED:
topiramate seems to present advantages to reduce alcohol-dependence
[37-40], whereas levetiracetam failed [46]. Gabapentine needs more
investigations to confirm a quite similar benefit, observed in rats but
not in heavy drinking humans [47,48].

Alcohol-Related Seizures with another Underlying
Etiology
In a retrospective study of 140 patients presenting alcohol related
seizures, Rathlev et al identified a potential other etiology of seizure
in 53.6% of them (acute or past history of significant head trauma,
idiopathic seizure disorder, stroke, non-traumatic intracranial
lesion, toxic-metabolic abnormalities) [49]. Brain imaging and
electroencephalography (EEG) should be performed after the first
episode of alcohol withdrawal seizure. It should be repeated in case of
focal seizures [23].
Furthermore, all alcohol related seizures are not related to
alcoholism. It is well known that acute alcohol intake, even at low
dose, can provoke myoclonic or generalized seizures in genetically
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Conclusions
The management of alcohol-related seizures should not be
underestimated, whatever being the patient’s age. Repetitive withdrawal
syndrome should be avoided to lower the risk of further development
of epilepsy. A systematic screening of drinking habits, equally in elderly,
could therefore be helpful. Adequate anamnesis, radiological and EEG
investigations should be performed to identify patients who should
benefit of a prolonged AED treatment.
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