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ABSTRACT

Background: Seizures after the use of cannabinoids are reported, but no precise descriptions of the characteristics of subjects
and factors that may trigger seizures are available.

Objectives: To study the characteristics and circumstances associated with the occurrence of seizures in individuals using can-
nabinoids for medical or recreational purposes.

Methods: A retrospective analysis of spontaneous reports of adverse drug effects issued by the French pharmacovigilance and
addictovigilance systems, and by manufacturers, extracted data from the Eudravigilance database (01/01/1985-21/07/2023). The
request used the broad MedDRA SMQ term ‘convulsive’, with all products containing cannabinoids (THC, CBD, cannabis or
natural cannabinoids).

Results: Among 4296 notifications with cannabinoids, 130 (3%) reports of convulsive effects were analysed: 29 cases (23.3%)
related to medical use (27 CBD, 1 THC and 2 combined THC/CBD preparations) and 98 (75.4%) related to recreational use. The
median age was 29.0years (min-max: 3-75), 78.7% were men and 81.1% were serious cases. Among the recreational users, 38.8%
used Cannabis sativa with a history of epilepsy, and 68.4% of them were taking antiepileptics. In total, 67.7% of individuals had
at least one risk factor for seizures, i.e., 31.0% among medical users and 78.6% among recreational users. The main risk factors
with medical use were inefficacy of CBD (17.2%), fatigue (13.8%) and concomitant epileptogenic medications (10.3%). The main
risk with recreational use was concomitant epileptogenic medications (39.8%), consumption of illicit drugs (33.7%) and alcohol
(32.7%).

Conclusion: This analysis demonstrates the importance of alerting cannabinoid users, particularly recreational cannabis users
and those with a history of epilepsy, about seizure-associated risks. Moreover, educational information should be provided to-
gether with the prescription of licensed cannabinoids and medical cannabis.

Abbreviations: ADR, adverse drug reaction; ANSM, French Medicine Agency; CBD, cannabidiol; EMA, European Medicines Agency; FDA, Food and Drug
Administration; GABA, gamma-aminobutyric acid; HLGT, High Level Group Term; HLT, High Level Term; IQR, interquartile range; LLT, Lower Level Term;
MedDRA, Medical Dictionary for Regulatory Activities; PT, preferred term; SMQ, Standardised MedDRA Queries; SOC, System Organ Class; THC, delta-9
tetrahydrocannabinol
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1 | Introduction

Cannabinoids have been used for medicinal and recreational
purposes for a long time in human history, in the form of phyto-
cannabinoids or synthetic derivatives [1]. The effects of cannabi-
noids are mainly associated with delta-9 tetrahydrocannabinol
(THC), the principal component responsible for the psychoac-
tive effects reported in humans and the cannabidiol (CBD) [2].
The cannabinoid system plays an important role in controlling
neuronal excitability and brain function [2].

Initially, the beneficial effects of Cannabis sativa on seizures
have been observed empirically. Following animal studies and
clinical trials, CBD has been approved in the United States in
2018 and in Europe in 2019 for use in patients with severe and
medication-resistant forms of epilepsy (i.e., Dravet syndrome,
Lennox-Gastaut syndrome and tuberous sclerosis complex),
in association with a first-line treatment such as clobazam.
However, paradoxically, since its approval, undesirable convul-
sive effects have frequently been reported [3-6]. Prior to this,
seizures had been reported as an adverse effect in clinical trials
with CBD in patients with epilepsy [3]. In a systematic review
of Fazlollahi et al. in assessing the adverse events of CBD use
in patients with epilepsy, the percentage of status epilepticus
was higher in the CBD group than in the control group (3.6%
vs. 2.7%, but not significantly) [4]. In 2023, Ammendolia et al.
conducted a retrospective analysis on the safety of CBD use as
an antiepileptic agent using data from the Eudravigilance data-
base, the pharmacovigilance system of the European Medicines
Agency (EMA), which allows monitoring the safety of medi-
cines marketed in Europe [5]. In this study, the most common
serious adverse reactions reported for the use of CBD were also
aggravations of epilepsy (25.5% of reports). Similarly, a study by
the same research team showed a frequency of 18.6% for con-
vulsions with the use of CBD, not licensed as a drug for medi-
cal use [6]. However, these two pharmacovigilance studies did
not analyse the circumstances and risk factors surrounding the
adverse effects, thus not allowing for contextualization of the
occurrence of seizures.

In addition, rare cases of seizures have been reported with rec-
reational use or accidental ingestion of C. sativa by children
[7-11]. In a study from the French Addictovigilance Network,
neurological adverse effects with recreational cannabis were the
second most frequently reported adverse effect, with 10.7% of
them being convulsions [12]. In these reports, the THC content
of recreational cannabis was blamed, leading to the suggestion
that THC, an agonist of the CB1 receptor (type 1 cannabinoid
receptor), might have proconvulsant effects [13]. However, ani-
mal models have produced conflicting results on the proconvul-
sivant and anticonvulsivant effects of THC, depending on the
chosen animal model [14, 15].

In clinical practice, physicians observed seizures after the use
of medical cannabis and with the recreational use of C. sativa.
However, there are many biological, environmental and medical
factors that favour the occurrence of seizures, such as concom-
itant alcohol or illicit drug consumption, fever, asthenia, cen-
tral nervous system infections, traumatic brain injury, stroke,
ionic disorders, hypoglycaemia and epileptogenic medications
[16]. To date, there are no precise descriptions available of the

characteristics of subjects exposed to THC or CBD and experi-
encing seizures, of the factors that may trigger the seizure, or
of the context of the exposure. These are important factors to
consider in the management and care of patients with epilepsy,
but also for recreational cannabis users. Furthermore, Bueno
et al. advocated for a more comprehensive understanding of the
safety profile of cannabinoids, emphasising the necessity for
real-world data [17].

The aim of the present study was to investigate personal and
product characteristics and circumstances of use that may be
related to the occurrence of seizure in subjects using cannabi-
noids according to the type of use: medical or recreational use,
from pharmacovigilance and addictovigilance data.

2 | Methods
2.1 | Design

We conducted a systematic pharmacovigilance-addictovigilance
assessment of reports of a seizure with any cannabinoid use,
having occurred in France between January 1, 1985 and July
31, 2023. We used the narrative of cases to identify the avail-
able individual characteristics of subjects, the cannabinoids and
other medications involved, as well as the circumstances of use
in relation to the occurrence of seizures.

2.2 | Overview of Data Sources

2.2.1 | Safety Monitoring of Cannabinoids by the French
Pharmacovigilance and Addictovigilance Systems

In France, cannabinoids are subject to a double control sys-
tem depending on the type of use: medical or recreational
(Figure 1). Cannabinoids for a therapeutic purpose may be
used in France under two modalities. On one hand, there
are formal licensed pharmaceuticals products that obtained
a marketing authorisation or are accessible through early
access programmes, e.g., Epidyolex (CBD, cannabidiol) or
Marinol (synthetic THC or dronabinol) issued by the French
or European health authority. It is estimated that there are
around 200 patients/year treated with Epidyolex in France
(public data unavailable for Marinol because it is prescribed
as a compassionate medication only). On the other hand, med-
ical cannabis, derived from the cannabis plant, is available in
the form of flowers for inhalation by vaporisation, of oil or
capsules for oral use. These products have different THC/CBD
ratios (THC dominant ratio, CBD dominant ratio or balanced
THC and CBD ratio) and contents. The French Medicine
Agency (ANSM) had assessed a specific experimental pro-
gramme in order to allow the medical use of cannabis derived
from the cannabis plant (2021-2024) [18]. This experimenta-
tion was launched for five indications: palliative situations,
supportive care in oncology, severe and medication-resistant
forms of epilepsy, painful spasticity associated with multiple
sclerosis or other central-nervous-system-related diseases and
neuropathic pain [19]. Approximately 3000 patients have been
enrolled in the experimental programme, of whom around
8% (250) were suffering from drug-resistant epilepsy and 50%
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Organisation of the safety monitoring of cannabinoids by the pharmacovigilance and addictovigilance systems in France. Legend:

Pharmaceutical companies, French Pharmacovigilance centres and French Addictovigilance centres collect, evaluate, record and exploit data on

adverse reactions occurring in France. Adverse reactions related to medical cannabis and approved cannabinoids are reported to manufacturers and

French Pharmacovigilance centres (RFCPV, reseau frangais des centres régionaux de Pharmacovigilance). Adverse effects related to cannabis and

synthetic cannabinoids, whether used for self-medication or recreationally, are reported to French Addictovigilance Network. All adverse effects are
recorded in the French Pharmacovigilance and Addictovigilance database coordinated by the ANSM, or in the databases of pharmaceutical com-
panies for cases notified solely to them. All cases are then electronically sent to the EudraVigilance database by the ANSM and the pharmaceutical

companies, respectively.

(1700) from neuropathic pain [18, 19]. On the other hand, the
use of cannabis outside the authorised medical framework
is illegal in France, with the French regulations, prohibiting
cultivation, possession and recreational use, being among
the most restrictive in Europe. In Europe, national surveys of
cannabis use show that, overall, 8% of European adults (22.8
million, aged between 15 and 64) used cannabis in 2023 [20],
and around 1.3% (3.7 million) of adults (aged 15-64) were
daily or almost daily cannabis users (i.e., they used the drug
for 20days or more in the previous month). Despite the restric-
tive regulations on recreational cannabis in France, the prev-
alence of cannabis use remains among the highest in Europe:
In 2021, 47.3% of 18-64-year-olds had already experimented
with cannabis (32.9% in 2010), with twice as many men as
women. While cannabis use remains the most prevalent illicit
drug among teenagers, the proportion of adults is also increas-
ing, particularly for daily use [20, 21].

In the context of the adverse effects of cannabinoids, man-
ufacturers, French Pharmacovigilance centres and French
Addictovigilance centres are responsible for collecting, evaluat-
ing, recording and exploiting data on adverse reactions occurring
in France [22, 23]. As an example, the French Addictovigilance
Network already explored cannabis-related cardiovascular
disorders [24]. Figure 1 explains the organisation of the safety
monitoring of cannabinoids by the pharmacovigilance and ad-
dictovigilance system in France.

All cases of adverse reactions are documented, and a causal
relationship between events and suspected substances is rig-
orously evaluated before their recording. For all reports, sus-
pected adverse reactions are evaluated by the pharmacologists
of both the Pharmacovigilance and Addictovigilance centres,
or the pharmaceutic companies. The assessment of causality
in Pharmacovigilance uses a standardised scale of causality

assessment developed in France: If a causality can be reason-
ably suspected between the substance and the adverse drug re-
action (ADR), the substance is defined as ‘suspect’ [25]. Adverse
reactions are coded using the Medical Dictionary for Regulatory
Activities (MedDRA) [26]. The MedDRA dictionary is organised
by System Organ Class (SOC), divided into High Level Group
Term (HLGT), High Level Term (HLT), Preferred Term (PT)
and Lower Level Term (LLT). Cases of adverse reactions are
considered as serious if they resulted in death, hospitalisation (or
hospitalisation prolongation), permanent incapacity or disabil-
ity, congenital anomaly/birth defect, if they are life-threatening
or considered as clinically relevant by the physicians reporting
the cases.

Regardless of the context of cannabinoid use and how case re-
ports are collected, all adverse effects are finally recorded in the
French Pharmacovigilance and Addictovigilance database co-
ordinated by the ANSM, or in the databases of pharmaceutical
companies for cases notified solely to them. All cases are then
electronically sent to the EudraVigilance database by the ANSM
and by the pharmaceutical companies [27] (Figure 1).

2.3 | Data Extraction

In the aim of collecting all French reports of seizures re-
lated to cannabinoids from pharmaceutical companies and
French pharmacovigilance-addictovigilance systems, the
Eudravigilance database has been used. The ANSM selected
all cases of seizures for which the products CBD, tetrahydro-
cannabinol, cannabis or natural cannabinoids were coded as
‘suspect’ or ‘interaction’, from January 1, 1985 to July 31, 2023,
and reported in France. To identify the adverse reactions, the
Standardised MedDRA Queries (SMQ) ‘convulsion” were used
to consider all terms related to a seizure including all forms of
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epilepsy, convulsion or seizure [28]. The broad SMQ ‘convul-
sions’ was used to be more sensitive.

The extraction data included the following: identification num-
ber of the case, age, sex, name of products, origin of the report
(pharmacovigilance, addictovigilance or manufacturer), re-
porter qualification, year of occurrence, seriousness, outcome
of the case and narrative reports. The following data were ex-
tracted from the narrative reports: indication, context of use
(medical or recreational), history of epilepsy, concomitant an-
tiepileptic treatments and other risk factors for seizure (illicit
drugs, alcohol, hyperthermia/fever, central nervous system
infection, traumatic brain injury, brain tumour, stroke, hypo-
natraemia, hypoglycaemia, asthenia, underdosed antiepileptic
medication, CBD ineffectiveness and concomitant epileptogenic
medications) [16]. In order to identify concomitant epileptogenic
medications, we consulted several sources of the literature, such
as certain antipsychotics (clozapine, quetiapine, aripiprazole,
haloperidol etc.), antidepressants (amitritptyline, citalopram,
sertraline, mirtazapine, mianserine etc.), psychostimulants
(e.g., gamma-hydroxybutyrate), opioids (morphine, tramadol
etc.) and drugs used in opioid dependence (buprenorphine and
methadone), non-opioid analgesics (diclofenac, indomethacin
etc.), antibiotics (penicillin, fluoroquinolones, isoniazid etc.)
and chemotherapeutic (cisplatin, oxaliplatin, 5-fluorouracil,
methotrexate etc.) [16, 29-31].

2.4 | Statistical Analysis

We calculated the reporting ratio of seizures observed with can-
nabinoids among all reports on adverse effects of cannabinoids
during the study period and described the characteristics of sei-
zures according to the context of use (medical vs. recreational).
We also described the frequencies of each risk factor for a sei-
zure identified, according to each context of use. Finally, we
calculated the proportion of subjects with a seizure using can-
nabinoids and presenting at least one risk factor of seizure in
each context of use, besides a diagnosis of epilepsy. The only
continuous quantitative variable (age) was described by the
mean and the corresponding standard deviation (SD), and by
the median and the respective interquartile range (IQR). All
statistical analyses were performed using Microsoft Excel 2021
(version 16.0).

2.5 | Ethical Considerations

In accordance with French law (articles 34 and 38 of the law
n°78-17 regarding electronic data use, databases and freedoms)
(loi relative a l'informatique, aux fichiers et aux libertés), the
ANSM guarantees the protection of patients' privacy about the
data they collect and the studies they conduct using these data
for their pharmacovigilance missions. Thus, no specific ethical
approval had to be obtained for this study.

3 | Results

A total of 4332 case reports involving CBD and/or THC prod-
ucts were recorded in France between January 1985 and July

2023, including 143 cases of seizures related to CBD and/or THC
products were extracted. Thirteen cases were excluded from the
analysis due to coding errors or a lack of narrative. Of the 130
complete cases, three were accidental intoxications with C. sa-
tiva in children aged 1 to 2years. All three children remained
drowsy and hypotonic after their epileptic seizure. They were
hospitalised to monitor their neurological condition, which
improved. In total, we thus described 127 cases of convulsions
after the exclusion of cases related to the accidental use of can-
nabinoids during the study period, which represented a pro-
portion of 3.0% of seizures observed with cannabinoids among
all reports on adverse effects of cannabinoids. This proportion
ranged between 2% and 7% according to the years of reporting
(Appendix A).

Seizures after the cannabinoid use were mainly reported by
healthcare professionals (physicians, pharmacists or others)
(n=123, 96.9%) and more frequently in the context of recre-
ational use or abuse (n =98, 77.2%) (Table 1), as compared to a
total of 29 (22.8%) cases of seizures reported in the context of
medical use, mainly with CBD. Globally, seizures were con-
sidered severe in 81.1% of cases, with hospitalisations more
common in recreational than in medical use (57.1% vs. 20.7%).
Eight deaths were observed, equally divided between medical
and recreational use. The four deaths associated with licenced
cannabinoids occurred in patients with severe epilepsy: Two
were sudden unexplained death in epilepsy (SUDEP) in patients
with Lennox-Gastaut syndrome (aged 7 and 33years); one in a
3-year-old child with Dravet syndrome who died of status ep-
ilepticus associated with a disturbed hepatic and haemostasis
profile and who was being treated with combined CBD/THC
purchased over the Internet despite medical advice to the con-
trary (toxicological analysis of the product with no identified
toxins). Another death occurred in a 3-year-old child with en-
cephalopathy associated with a mutation in the CACNA1E gene,
who had been treated with CBD and clobazam for 3years, with
a recent introduction of levetiracetam and lamotrigine 6 months
earlier, who died of an epileptic seizure with cardiopulmonary
arrest. The four other deaths associated with recreational CBD
occurred in users of several illicit drugs (polydrug users) who
died after a tonic-clonic seizure with cardiorespiratory arrest or
multivisceral failure (aged 34—41years).

Individuals with a seizure after the cannabinoid use were pre-
dominantly male, especially for recreational use (Table 2).
Overall, the median age was 29.0years (min-max: 3-75), but
there were more children in the reports related to the medical
use than in the reports on recreational use (53.0% and 4.1% were
under 16years of age, respectively). The main medical indica-
tion was severe epilepsies for medical use (Table 2). In the recre-
ational users, 38.8% used C. sativa with a history of epilepsy, and
68.4% of these users were also taking antiepileptic medications.
The main antiepileptic medications used among those using
cannabinoids for medical purposes were valproate (n=11), la-
motrigine (n=10) and clobazam (n=9) (Table 3). Among the
case reports concerning recreational use, the main antiepileptic
medications were valproate (n=11), followed by levetiracetam
(n=7) and lamotrigine (n =6) (Table 3).

Among the whole sample of case reports, two-thirds (67.7%) of
individuals with a seizure after the cannabinoid use had at least
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TABLE1 | Characteristics of reports with cannabinoid-related seizures (n=127).

Medical use (n=29)

Recreational use (n=98) Total (n=127)

Origin of reports n (%)

Addictovigilance 0(0.0%)
Pharmacovigilance 13 (44.8%)
Manufacturer 16 (55.2%)
Reporter qualification n (%)
Physician 21 (72.4%)
Pharmacist 3(10.3%)
Consumer 2(7.0%)
Others health professionals 3(10.3%)
Seriousness n (%)
Serious reports 22(75.9%)
Hospitalisation 6 (20.7%)
Death 4(13.8%)
Life threatening 2(6.9%)
Other medically important condition 10 (34.5%)
Type of products n (%)
Cannabis sativa (recreational) 0(0.0%)
C. sativa (abuse) 0(0.0%)
Cannabidiol (CBD) 26 (89.7%)
THC 1(3.4%)
Combined THC/CBD preparations 2(6.9%)

92 (93.8%) 92 (72.4%)
3(3.1%) 16 (12.6%)
3(3.1%) 19 (15.0%)

64 (65.3%) 85 (67.0%)

28 (28.6%) 31(24.4)
2(2.0%) 4 (3.1%)
4 (4.1%) 7 (5.5%)

81 (82.6%) 103 (81.1%)

56 (57.1%) 62 (48.8%)
4(4.1%) 8 (6.3%)
8 (8.1%) 10 (7.9%)

13 (13.3%) 23 (18.1%)

35 (36,1%) 35 (27.6%)

62 (63,9%) 62 (48.8%)
1 (1.0%) 27 (21.2%)
0(0.0%) 1(0.8%)
0(0.0%) 2 (1.6%)

one seizure risk factor besides epilepsy. The proportions were
31.0% among those with medical use and 78.6% among those
with recreational use (Table 2). The main risk factors among
medical use cases were inefficacy of CBD (17.2%), fatigue (13.8%)
and concomitant epileptogenic medications (10.3%), including
mainly morphine and antidepressant drugs. The main risk fac-
tors among those with recreational use were concomitant epi-
leptogenic medications (39.8%) including mainly buprenorphine
and methadone, opioids, antidepressants and antipsychotics, fol-
lowed by consumption of illicit drugs (33.7%, the first illicit drug
was cocaine) and alcohol (32.7%) (Table 2).

4 | Discussion

This pharmacovigilance assessment of seizures occurring in
subjects using cannabinoids showed that cases are observed
both in a context of medical and recreational use, and that their
reporting was rare among cases of cannabinoid-related adverse
reactions (3%). Among the whole sample of 127 case reports of
seizures as adverse effects in subjects using cannabinoids, two-
thirds (67.7%) of individuals had at least one concomitant risk
factor of seizures: 31.0% among those with medical use and
78.6% among those with recreational use.

Our results showed that a majority of reported cases of sei-
zures were among those using cannabis recreationally (77%),
as compared to medical use (23%). The number of patients
treated with licenced cannabinoids is low in France (200 pa-
tients/year with Epidyolex, 3200 patients in the experimental
context since 2021), explaining the low number of cases re-
ported in the context of medical use in France. More cases
of seizures related to recreational cannabis use were reported
in relation to the high prevalence of cannabis use in France,
which has among the highest number of cannabis users in
Europe [20]. Moreover, in our study, the characteristics of
cannabis-related seizures were similar to those of the general
population of recreational cannabis users, in terms of sex (81%
in our study compared with 82% in the French population of
cannabis users) and age (mean age of 32.0 in our study com-
pared to 54% subjects under 35years in the population of can-
nabis users in France) [20]. In a survey examining the reasons
for self-medicated use associated with self-reported cannabis
use, a majority of people aged 50 and over reported medical
versus recreational use of cannabis (52% vs. 18%, respectively),
while the younger 18-29 age group reported a majority of rec-
reational versus medical use (18% and 50%, respectively) [32].
In our sample, 53% of seizure cases among medical users were
children, compared to 4.1% among recreational users.
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TABLE 2 | Characteristics of individuals with cannabinoid-related seizures (n =127).

Medical use (n=29)

Recreational use (n=98) Total (n=127)

Age (years)
Mean +SD
Median (IQR)
Min-max
Sex n (%)
Female
Male
Medical indication of cannabinoid use n (%)
Lennox-Gastaut syndrome
Dravet syndrome
Drug-resistant epilepsy
Other type of epilepsy
Epileptic encephalopathy
Bourneville tuberous sclerosis
Neuropathic pain
History of epilepsy n (%)
Yes
No
Unknown
Concomitant antiepileptic medications

Number of antiepileptic medications

23.4+17.2

21.5 (11.0-33.0)

3-75

10 (34.5%)
19 (65.5%)

10 (34.4%)
3(10.4%)
5(17.2%)
4(13.8%)
3 (10.4%)
1(3.4%)
3(10.4%)

27(93.1%)
2(6.9%)
0 (0.0%)

21 (72.4%)

32.0+12.3 30.1+13.9

30.0 (22.5-39.0) 29.0 (20.0-38.0)

11-75 3-75
17 (17.3%) 27 (21.3%)
81 (83.7%) 100 (78.7%)
38 (38.8%)
46 (46.9%)
14 (14.3%)

26 (68.4%)®

1 4(19.0%) 20 (76.9%)
2 4(19.0%) 3(11.5%)
3 9 (42.9%) 2(7.7%)
4 3(14.3%) 1(3.9%)
5 1(4.8%) 0 (0.0%)

At least one risk factor of seizure 9 (31.0%) 77 (78.6%) 86 (67.7%)
Consumption of illicit drugs® 0(0.0%) 33 (33.7%) 33(26.0%)
Alcohol 0(0.0%) 32(32.7%) 32(25.2%)
Hyperthermia, fever 2(6.9%) 4 (4.6%) 6 (4.7%)
Central nervous system infection 0(0.0%) 1(1%) 1(0.8%)
Traumatic brain injury 0(0.0%) 2(2%) 2 (1.6%)

Brain tumor 0(0.0%) 2(2%) 2(1.6%)
Stroke 0(0.0%) 3 (3%) 3 (2.4%)
Hypoglycemia 0(0.0%) 11 (11.2%) 11 (8.7%)
Hyponatremia 1(3.4%) 3(3.1%) 4 (3.1%)
Fatigue 4(13.8%) 19 (19.4%) 23 (18.1%)
Inefficacy of CBD 5017.2%) 0(0.0%) 5(3.9%)
(Continues)
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TABLE 2 | (Continued)

Medical use (n=29)

Recreational use (n=98) Total (n=127)

Underdosing of antiepileptic medication

Concomitant epileptogenic medication

1 (3.4%)
3(10.3%)

9 (9.2%)
39 (39.8%)

10 (7.9%)
42 (33.1%)

2Antiepileptic medications were used by 19 patients with severe epilepsy and 2 patients with neuropathic pain.
bAntiepileptic medications among recreational users of cannabinoids with a history of epilepsy.
“Illicit drugs were used by 33 individuals and polysubstance abuse was common (cocaine [19], ecstasy [5], heroin [41], LSD (diethyllysergamide) [38], GHB (gama-

hydroxybutyric acid) [1], 3MMC (mephedrone) [1], and methamphetamine [1]).

In contrast to studies conducted in other pharmacovigilance sys-
tems, our study showed a lower proportion of seizures after the
cannabinoid use among all cannabinoid-related reported adverse
events cases in France (3%). A pharmacovigilance study of adverse
reactions to Epydiolex recorded in the FDA'S FAERS (Adverse
Event Reporting System) database between 2018 and 2023 showed
that one third of reported ADRs were related to seizures [33]. In
Europe, including French data, similar results were observed in
the Eudravigilance database, where seizures accounted for 25.5%
of reports with licensed cannabinoid and 19% with recreational
cannabis [5, 6]. First of all, a majority of seizure reports occurred
among persons with a history of epilepsy (51.2%). The low propor-
tion of seizure cases among all cannabinoid-related reports of ad-
verse events, specifically in France, may be explained by a different
reporter profile compared to other countries. Healthcare profes-
sionals are the main reporters in the French pharmacovigilance-
addictovigilance system [23, 34]|. They may generally consider
seizures as a symptom of the lack of treatment efficacy and thus
not consider and report them as adverse reactions. In pharma-
covigilance, the lack of therapeutic efficacy is part of the definition
of ADRs. Thus, information on this suspicion should be collected
and reported. Given the ambiguity for healthcare professionals of
considering a seizure among patients treated for epilepsy as either
a lack of treatment efficacy or as an adverse event, seizure events
may be largely under-reported, due to a lack of comprehensive
knowledge of the pharmacovigilance definitions. Complicating
healthcare professionals understanding of pharmacovigilance
definitions is the fact that therapeutic ineffectiveness refers to the
notion of efficacy (benefit) for a healthcare professional, and not
to adverse reactions (risk). Another reason for the low number of
reports may be that patients treated with cannabis use for med-
ical purposes are under medical supervision, which may reduce
the risk of adverse effects. We observed a relatively high number
of reports in the addictovigilance data. A seizure is not perceived
as the result of a cannabinoid dependence effect and is likely to be
reported more frequently to the addictovigilance system.

Several factors may explain why cannabinoids and particularly
CBD may be associated with seizure events. One of those fac-
tors may be related to the origins of seizures. Shorvon et al. pro-
posed an etiologic classification of epilepsies in four categories:
idiopathic, symptomatic, provoked and cryptogenic [35]. In our
analysed reports, symptomatic and provoked categories may
explain most of the cases. Indeed, symptomatic epilepsy is de-
fined as an epilepsy of an acquired or genetic cause, associated
with gross anatomic or pathologic abnormalities and/or clinical
features, indicative of underlying disease or condition. In this
category, seizures can be due to acquired causes such as brain
infection, trauma, stroke or tumour, encountered in 9% of cases
in our data. Similarly, a provoked seizure is defined as an ep-
ilepsy in which a specific systemic or environmental factor is

the predominant cause of the seizures, and in which there are
no gross causative neuroanatomic or neuropathologic changes.
Most cases of provoked seizure are caused by fever, menstrual
cycle, sleep-wake cycle, metabolic and endocrine; 51% of cases
in our data were related to these factors. Cannabinoids, by
their excitatory activity on the brain, could thus be the cause
of provoked seizures. Other provoked seizures are considered
as reflex epilepsies, induced by precipitating factors such as vi-
sual, auditive or somatosensory stimuli. In our study, most in-
dividuals had associated factors that could have triggered the
onset of seizures. These factors differed according to the con-
text of cannabinoid use. However, co-use of epileptogenic med-
ications was the most common factor in both contexts of use.
Psychotropic drugs and morphine were common in both types
of use, and opiate substitution drugs (methadone and buprenor-
phine) in recreational use. Medication-related factors include
blood-brain barrier penetration, target pharmacological activity
on brain receptors/proteins, dose level, route of administration
and lipid solubility [16]. Mechanisms of medication-induced sei-
zures could be impacts to metabolic pathways (e.g., ibuprofen,
diclofenac and indomethacin), cell death due to neurotoxicity
(e.g., cisplatin, methotrexate, interferon alpha, busulfan and
5-fluorouracil) or altered function/expression of voltage gated
ion channels or neurotransmitter interferences (e.g., penicillin
G, carbapenems, cephalosporins, fluoroquinolones, clozapine,
opioids and lidocaine).

Among recreational cannabis users in our sample, the use of
other illicit drugs and alcohol was the second most common risk
factors for seizures, after the use of epileptogenic medications.
These findings are not surprising, given that individuals who
use cannabis recreationally are also more likely to use other il-
licit substances and alcohol [12, 36, 37]. Illicit drugs associated
with cannabinoid use, such as cocaine, amphetamines, ecstasy
and LSD, are known to cause epileptic seizures. These users
may not be sufficiently informed about the risks of seizures as-
sociated with illicit drugs and multiple drug use. In addition,
THC itself is thought to be a proconvulsant, although this has
not been clearly explained [10]. If this effect of THC is con-
firmed, it could also contribute to explaining why in our data
more recreational cannabis-related cases of seizure are reported
than licensed cannabinoids and medical cannabis-related cases.

Epilepsyis aneurological disorder characterised by an imbalance
between the inhibitory neurotransmitter gamma-aminobutyric
acid (GABA) and the excitatory neurotransmitter glutamate.
Cannabinoids can modulate GABA transmission, since endo-
cannabinoid binding at presynaptic type 1 cannabinoid (CB1)
receptors results in the suppression of GABA-mediated inhibi-
tion from GABAergic neurons [38, 39]. CBD is thought to act
as an antagonist or even a negative allosteric modulator of the
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TABLE 3 | Number of concomitant antiepileptic medications and epileptogenic medications in individuals with cannabinoid-related seizures.

Medical use Recreational use
Number of concomitant antiepileptic medications (n=92) 56 (60.9%) 36 (30.1%)
Calcium ion channel modulators 0(0.0%) 2(5.5%)
Pregabaline 0 2
Sodium ion channel modulators 21 (37.5%) 15 (41.7%)
Carbamazepine 3 2
Eslicarbazepine 1 1
Lacosamide 1 4
Lamotrigine 10 6
Oxcarbazepine 1 1
Phenytoin 0 1
Rufinamide 1 0
Zonisamide 4 0
Enhancers of GABAergic transmission 15 (26.8%) 1(2.8%)
Clobazam 9 1
Clonazepam 4 0
Phenobarbital 1 0
Stiripentol 1 0
Modulators of presynaptic machinery (SV2A) 4(7.1%) 7 (19.4%)
Levetiracetam 4 7
Selective postsynaptic inhibitors of excitatory neurotransmission (AMPA receptor) 1(1.8%) 0(0.0%)
Perampanel 1 0
Multiple modes of action 14 (25.0%) 11 (30.5%)
Sodium ion channel, GABA , receptors, NMDA receptors: felbamate 1 0
Sodium ion channel, AMPA /kainite receptors, GABA , receptors: topiramate 2 0
Sodium ion channel, GABA turnover, NMDA receptors: valproate 11 11
Number of concomitant epileptogenic medications (n = 53) 3(5.7%) 50 (94.3%)
Opioids 1(33.3%) 14 (28.0%)
Morphine 1 3
Tramadol 0 11
Antipsychotics 0(0.0%) 8 (16.0%)
Aripiprazole 0 1
Cyamemazine 0 3
Haloperidol 0 1
Quetiapine 0 1
Risperidone 0 2
Antidepressants 2(66.7%) 9 (18.0%)
Nonselective monoamine reuptake inhibitors
Amitriptyline 0 2
(Continues)
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TABLE 3 | (Continued)
Medical use Recreational use
Amoxapine 0 1
Selective serotonin reuptake inhibitors
Escitalopram 1 0
Paroxetine 0 1
Sertraline 0 2
Others antidepressants
Mianserine 0 1
Minalcipran 1 0
Mirtazapine 0 2
Psychostimulants 0(0.0%) 1(2.0%)
Gamma-hydroxybutyrate (GHB) 0 1
Drug used in opioid dependence 0(0.0%) 16 (32.0%)
Buprenorphine 0 10
Methadone 0 6
Antihistaminics 0(0.0%) 1(2.0%)
Desloratadine 0 1
Antinematodal agents (veterinary drug) 0(0.0%) 1(2.0%)
Levamisole? 0 1

Abbreviations: AMP, alpha-amino-3¢hydroxy-5-methyl-6-isoxaloepropionic acid; GABA gamma-aminobutyric acid; NMDA, N-methyl-D-aspartate; SV2A, synaptic

vesicle glycoprotein 2A.
aLevamisole combined with cocaine reduces the seizure threshold [54].

CB1 receptor, explaining its use as anticonvulsant agent [40].
However, other findings suggest an absence of direct interaction
of CBD at this receptor and rather point to an indirect action
mediated by different other mechanisms [41]. The observation
of seizure as adverse effect related to the medical use of can-
nabinoids, particularly CBD, indicated for treatment-resistant
epilepsy forms, is counterintuitive and hard to explain. Previous
research showed that some patients with epilepsy treated with
CBD may have an increase in the number of seizures, which is a
paradoxical effect [42, 43] and is currently unexplained. It is sug-
gested that the use of non-pure CBD products (i.e., potentially
containing other cannabinoids) may be linked to an increase
in seizures compared to the use of the CBD product approved
by the Food and Drug Administration (FDA), which does not
contain other cannabinoids [44]. For example, in a study that
assessed the effect of CBD-enriched products (i.e., containing
some amount of THC) for intractable paediatric epilepsy [44],
a seizure aggravation was reported in 7% of the patients [44].
However, while contamination may contribute to explaining
some cases related to some preparation types of CBD, it can-
not explain cases related to Epydiolex, which contains purified
CBD. Other hypotheses such as the interaction of CBD with
other epileptogenic medications or factors should be explored
for such cases. Further hypotheses suggest that the effect of
CBD could depend on whether it is combined with other anti-
seizure medications or not. In a preclinical study that assessed
the interaction between CBD and other antiseizure medications
in a rat model of recurrent severe seizures, the combination

of CBD with the antiseizure medications reduced the severity
and prevalence of generalised seizures. In contrast, CBD alone
reduces the seizure severity, but does not decrease the expres-
sion of generalised seizures [45]. Due to the magnitude of CBD's
pharmacokinetic interaction, the combination of this drug with
other antiseizure medications has been suggested to be associ-
ated with a proseizure effect in certain contexts [46]. CBD may
also attenuate the anticonvulsant effect of levetiracetam due to
drug-drug interaction [47]. However, the majority of preclini-
cal studies suggest a potentiation of the antiseizure medication
effect while combined with CBD [47-50]. Indeed, the complex
pharmacology of CBD includes direct and indirect interactions
at CB1 receptors, and both CBD antagonism and potentiation of
THC have been suggested [41].

The individuals in the study were also exposed to anti-epileptic
drugs, which may also lead to worsening of seizures, with an
increase of the frequency or severity of existing seizures, emer-
gence of new types of seizure or the occurrence of status epi-
lepticus. Discrimination of drug-induced worsening of seizures
from spontaneous fluctuation or epilepsy evolution is not always
easy. For example, epilepsies may be severely aggravated by in-
appropriate treatment due to an adverse interaction between the
mode of action of the drug and the pathogenetic mechanisms
underlying specific seizure types or syndromes. For example,
seizure aggravation has been reported in Lennox-Gastaut syn-
drome with gabapentin, carbamazepine and intravenous clonaz-
epam [51, 52]. Finally, other circumstances such as drug-drug
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interactions, under-dosing and lack of treatment adherence may
explain the recurrence of seizures.

The strengths of this pharmacovigilance assessment lie in the
availability and the analyses of the narrative reports of cases.
These narrative reports provide a more accurate clinical de-
scription of the circumstances of the occurrence of seizures
after the cannabinoid use. The French pharmacovigilance sys-
tem is one of the largest ADR reporters in the world, and the
addictovigilance system is unique in Europe [23, 34]. Moreover,
as in France, most reporters are healthcare professionals, the
reported cases of seizures have a high degree of accuracy (i.e.,
validated seizure diagnosis).

Limitations of the study include the spontaneous nature of the
reporting in the pharmacovigilance and addictovigilance sys-
tem leading to possible under-reporting. A likely important
contributing factor to the under-reporting of cannabis-related
seizures in these French data is their interpretation as result-
ing from a lack of efficacy rather than as a proper ADR. The
level of investigation into the causes of seizures and the quality
of the data collected may exclude some risk factors associated
with cannabinoid-related seizures. In particular, co-exposure
medication data, therapeutic indication or context of medica-
tion use are likely lacking, or heterogeneously recorded in these
adverse reaction reporting databases. Nonetheless, even if the
used data are incomplete, they are reported by healthcare pro-
fessionals and investigated by pharmacologists in the pharma-
covigilance and addictovigilance centres before being recorded
into the database. Moreover, paradoxical adverse reactions,
such as seizures after seizure treatment with CBD, have been
shown to be difficult to detect in pharmacovigilance databases
[53]. However, even if this possible under reporting of paradoxi-
cal adverse effects might be the case for CBD prescribed to treat
epilepsy (i.e., medical use of CBD), there is no reason to expect
such an underreporting bias for seizure cases with recreational
cannabis. Finally, it is not possible to conclude if cannabinoids
are the cause of seizures, as other risk factors of seizure were
also present among the studied cases. The objective of the study
was not to assess a causal relationship between seizure and can-
nabinoids, but to characterize the profile of cannabinoid users
who have seizures, so that preventive measures can be taken.

5 | Conclusion

The analysis of pharmacovigilance and addictovigilance data
provides relevant real-life information on seizures occurring
after the cannabinoid use and their associated risk factors. This
highlights the importance of informing cannabinoid users, par-
ticularly recreational cannabis users or those with a history of
epilepsy, about the associated risks of seizures. The study also
highlights factors that are likely to increase the risk of seizures,
underlining the importance of healthcare providers carefully
assessing the presence of these risk factors before prescribing
cannabis products to patients with epilepsy or at high risk of
seizure. The findings suggest that individuals at high risk of sei-
zures who use cannabis recreationally or for those with a history
of epilepsy should avoid this use without a medical assessment.
This is particularly important given the strong pressure to liber-
alise the use of cannabis in countries where it is still illegal for

recreational use and the increase of self-medication with canna-
bis. In addition, the prescription of licensed cannabinoids and
medical cannabis should be accompanied by educational infor-
mation to prevent or minimise these adverse effects.
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Appendix

Proportions of reports of seizures related to cannabinoids among all reports of adverse effects with cannabinoids by year, France,
1985-2023

Proportions of seizures with

Number of case reports with Number of seizures related to cannabinoids among all reports
cannabinoids cannabinoids with cannabinoids
1985-2014 45 1 2%
2015 14 1 7%
2016 49 2 4%
2017 107 4 4%
2018 194 4 2%
2019 304 11 4%
2020 428 13 3%
2021 1042 37 4%
2022 1370 39 3%
Until 07/31/2023 779 18 2%
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