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ABSTRACT: E-cigarettes gained popularity globally through the promotion of e-cigarettes as a risk-free way to stop traditional smoking.
However, new evidence suggests that they may have a detrimental effect on the nervous system and ultimately adverse neurological mani-
festations. Seizures have been reported among both new and experienced e-cigarette users. In several cases, the seizure presented imme-
diately after its use, while others reported continuous use for weeks before seizures occurred. This review presents a deeper insight into the
clinical management, implications, and public health considerations of seizure susceptibility in e-cigarette users. Using recent case reports,
epidemiological studies, and experimental research, we highlight the role of likely etiological mechanisms such as how nicotine’s convulsive
effects are linked to a.7- nicotinic acetylcholine receptors (NnAChRs), the varied clinical presentations, and the potential nicotine toxicity linked to
seizures. Furthermore, we discuss the existing debates and controversies, diagnostic directions, and potential role in individual susceptibility
to e-cigarette-associated seizures. Importantly, we address how seizures may be accompanied by both physical and psychological sequelae,
which may impair the quality of life for individuals presenting for emergency care. We also address the limitations and challenges in the etiology
of e-cigarette-associated seizures and the non-criteria for defining seizures caused by e-cigarettes. The review concludes with an insight into
public health considerations and policy recommendations by highlighting the importance of mass awareness and clinical considerations that
could guide patient management.
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Introduction
In recent years, e-cigarettes have gained popularity all over the
world.! In the US and Canada, the proportion of young people
who vape regularly has at least doubled between 2017 and 2019.2
This is the case for a variety of reasons. These include its use as a
healthier substitute for smoking cigarettes,® as well as its social
recognition as a more refined option. E-cigarettes, or electronic
cigarettes, are battery-operated devices that resemble traditional
tobacco cigarettes but do not operate by burning tobacco. Rather,
the devices vaporize e-liquid, which consists of vegetable glycerin
(VG), propylene glycol (PG), and nicotine. Additionally, various
aldehydes such as ethyl vanillin, trace elements, volatile organic
compounds (VOC:s) like thujone, phenols, polycyclic aromatic
hydrocarbons (PAHs), and heavy metals like chromium and lead
may be present.* It is also frequently enhanced with different
flavorings and/or ethanol.®

Although e-cigarettes were once promoted as a safe method
to quit smoking conventional cigarettes, recent evidence contin-
ues to speculate that they may have numerous detrimental effects

on the body, particularly on the cardiovascular and respiratory
systems.” Research examining the effects of vaping on the nerv-
ous system includes investigations into the development of sei-
zures. A seizure is defined as a transient, involuntary alteration of
consciousness, behavior, motor activity, sensation, or autonomic
function caused by an excessive rate and hypersynchrony of dis-
charges from a group of cerebral neurons.”

The utilization of e-cigarettes has raised concerns about
their neurological implications, with seizures emerging as a sig-
nificant consequence of this concern. Reports have highlighted
instances of seizures occurring after exposure to nicotine-
infused vape fluids or vapor.® This association between e-ciga-
rette use and seizures is particularly alarming in individuals
lacking a medical or familial seizure history, along with other
risk factors. It may also exacerbate seizure frequency in those
with pre-existing conditions.’

Despite advancements in research, the exact mechanisms
underlying e-cigarette-related seizures remain elusive. Emerging
evidence suggests potential contributors, including nicotine
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toxicity, chronic exposure-induced neuroadaptations, and the
neurotoxic effects of e-liquid components. However, debates per-
sist regarding the timing of seizure presentations and the specific
role of nicotine versus other constituents in e-cigarettes.

Despite progress in an attempt to understand the relation-
ship, several challenges exist, such as the underreporting of
cases and the reliance on self-reported data. Understanding the
clinical relevance of e-cigarette-related seizures is crucial for
public health in the areas of policy development and public
awareness. By delving into the existing literature, examining
potential mechanisms, and highlighting public health implica-
tions, we aim to contribute to a deeper understanding of this
emerging issue and facilitate evidence-based interventions to
safeguard neurological medicine.

Methodology

This is a narrative review that analyzes the role of e-cigarette
use in the development and susceptibility of seizures. As e-cig-
arettes are a relatively new topic, the review includes only stud-
ies reviewed in the last twenty years (January 2004 to 2024) to
provide a holistic perspective on e-cigarette usage, seizure
development, and the existing controversies between them.
Using keywords such as “e-cigarette/ electronic cigarette” “sei-
zures and epilepsy” “Vaping-related seizures” “Seizure risk,”
“Electronic nicotine delivery systems (ENDS)” “E-cigarette-
related seizures” “Nicotine-induced convulsions,” the database
searched included ScienceDirect, Medline, PubMed, and
Google Scholar. To manage duplicate articles retrieved from
multiple databases, duplicates were identified and removed
using reference management software. Selected articles from
reading the abstracts were those that were in English or French
that could be analyzed with full paper and had sufficient con-

tribution to the topics.

Neurological manifestations/associations in
e-cigarette users

A few case reports have shed light on the clinical presentation of
this condition and these reports unveil the severity of seizures
and aim to characterize their adverse outcomes. Documented
symptoms include tonic-clonic seizures associated with loss of
consciousness (LOC), tongue biting, and urinary incontinence,
which typically manifest abruptly within minutes to hours of
vaping, with many reported cases occurring within 30 minutes of
vaping.1912 These seizure episodes are generally brief, lasting less
than 5 minutes, and are followed by a postictal state character-
ized by amnesia, confusion, and altered consciousness.!-12
Seizures may occur at rest or during various activities, such as
walking, climbing stairs, driving, or swimming in open water,
leading to potentially life-threatening accidents. Complications
resulting from falls have been reported and include scalp bruises,
concussions, skull fractures, traumatic brain injury, and skeletal
fractures. Seizure disorders can potentially lead to a cascade of
psychosocial consequences for individuals. These consequences

may include stigmatization, unemployment, and loss of driving
privileges, which have all been reported in association with
e-cigarette-related seizures.!3

There is a need for further investigation into the complexi-
ties of e-cigarette-associated seizures, as seizures have been
reported among both new and experienced e-cigarette users. In
some cases, the seizure started immediately after the first “puft,”
while in others, it occurred after weeks of continuous use.1213
Several individuals experienced recurrent seizures until vaping
was discontinued.’ A significant portion of these cases,
approximately two-thirds, reported to the Food and Drug
Administration’s (FDA) in the USA, involves youths and
young adults, potentially reflecting the demographic distribu-
tion of e-cigarette users.!>!3 Although research is ongoing to
identify risk factors for e-cigarette use-associated seizures,
many cases did not have documented preexisting conditions or
comorbidities. However, among those cases where comorbidi-
ties were identified, the most common were psychiatric disor-
ders such as depression, anxiety, and ADHD. A recent study
found that the majority of users of ENDS were young adults
aged 14 to 24 years, with 41% of this group reporting underly-
ing medical conditions. Seizures were common, with 85%
occurring within 24hours of the last use and 62% occurring
within 30minutes.!? Additionally, it was also reported that
some individuals exhibited concurrent abuse of cocaine, alco-
hol, and marijuana. In contrast, others had a prior history of
seizure disorders or were taking medications known to cause
seizures such as tricyclic antidepressants.12

Possible mechanism and existing controversies

The mechanism underscoring how the use of e-cigarettes leads
to seizures is still poorly understood. It is widely believed that
nicotine toxicity can affect neuronal excitability and lower sei-
zure thresholds. The inhalation of e-cigarette vapor results in
nicotine, which rapidly crosses the blood-brain barrier and
produces its euphoric effects by attaching to nicotinic acetyl-
choline receptors (nAChRs).* Nicotine acetylcholine recep-
tors are then activated by a conformational change that opens
the internal pore, allowing sodium and calcium ions to enter,'
leading to glutamate release through the calcium-calmodulin
cascades (see Figure 1). The nicotine acetylcholine receptors
located in the neocortex, amygdala, hippocampus, and thala-
mus cause neuronal excitability by later activating the NMDA
receptors and nitric oxide production.’® The amygdala is
already known for epileptogenesis and seizure generation, and
it is most likely the medial amygdala.

Consequently, a spontaneous oscillation in the thalamocor-
tical circuits leads to seizure presentation. Specifically, the
alpha-7 subunits (a7) involved in seizure activation are usually
expressed in the amygdala. While several studies report that
nicotine’s convulsive effects are linked to 07-nAChREs, the spe-
cific subtypes of nACh receptors responsible for nicotine-
induced seizures remain undefined.!” Interestingly, in vitro
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Figure 1. This diagram illustrates the potential mechanism of seizures caused by e-cigarette use. E-cigarettes contain nicotine, propylene glycol, and
vegetable glycol and other substances, which play key roles in triggering adverse effects. Nicotine from e-cigarettes crosses the blood-brain barrier and
activates a7-nicotinic acetylcholine receptors (a-7nAChRs) in the brain, specifically in regions like the thalamus and amygdala. This activation leads to
increased neuro-excitability in these areas, which can contribute to seizure onset. Additionally, propylene glycol and vegetable glycol, 2 other key
components of e-cigarettes, may further increase the risk of seizures. Propylene glycol is known to cause hyperosmolar metabolic acidosis at toxic levels,
while the osmotic properties of vegetable glycol can lead to dehydration, both of which could exacerbate seizure risk.

models have reported that nicotine may have anticonvulsant
effects by impairing seizure generation after repeated and
chronic exposure to nAchR.!® This effect is seen in Autosomal
dominant sleep-related hypermotor (hyperkinetic) epilepsy
(ADHSE), a rare epilepsy syndrome characterized by muta-
tions in the gene that encodes the nAchR subunit.!?

E-cigarettes are known to have a variety of compositions,
including concentrated mixtures of propylene glycol and vege-
table glycol. Propylene glycol has the potential to cause serious
adverse effects at various levels. PG has been reported to cause
seizures and cause hyperosmolar metabolic acidosis at toxic
levels.>?0 PG and its interactions with other chemical constitu-
ents may be likely to cause seizure induction in e-cigarettes.
Moreover, the osmotic characteristics of VG may cause dehy-
dration and, if severe enough could potentially trigger seizures.
Other substances in e-cigarettes such as cannabidiol, THC,
and ethanol, may have additive or synergistic effects, further
increasing the risk of seizures.?!

Prolonged exposure to nicotine causes an increase in the
number of nAChR receptors in the brain.?? This is achieved
by changes in the way the receptors are assembled, transported,
and broken down. The neuroadaptations occurring in neuro-
transmitter systems due to nicotine exposure are considered to

directly contribute to nicotine addiction. These modifications
may alter neuronal excitability, synaptic plasticity, and neuro-
transmitter release, thereby modulating seizure susceptibil-
ity.?2 The inhalation of vaporized flavorings and chemicals in
e-liquids may have neurotoxic effects, leading to neuronal
hyperexcitability and aberrant synaptic transmission. Studies
have shown that flavored e-cigarettes produce aerosols that
include reactive oxygen species (ROS), which contribute to
the development of oxidative stress-induced damage in lung
cells.?>?* Emerging empirical evidence indicates that oxidative
stress may contribute to the underlying mechanisms of sei-
zures, epilepsy, and epileptogenesis.?> The excessive produc-
tion of reactive oxygen species (ROS) during seizures results
in lipid peroxidation (LPO), DNA damage, enzyme inhibi-
tion, and mitochondrial damage, eventually resulting in the
death of neurons.26

An individual’s vulnerability to vaping-induced seizures
may be influenced by a combination of genetic predisposition,
pre-existing neurological disorders, and environmental fac-
tors.?”?8 Genetic polymorphisms in the genes responsible for
ion channels, neurotransmitter receptors, and metabolic
enzymes that are involved in the metabolism of nicotine and
e-liquid may also affect the likelihood of developing seizures
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after using e-cigarettes. Genes such as SCN1A, SCN2A, and
SCNI1B encode voltage-gated sodium channels, while
GABRA1, GABRB3, GABRG2 which encode subunits of the
GABA-A receptor to mediate inhibitory neurotransmission
can increase the risk of seizures and linked to various forms of
epilepsy.2%3% Polymorphisms that alter channel function could
predispose individuals to seizures, especially when exposed to
stimulants like nicotine.

Existing controversies

With the rising popularity of e-cigarettes amongst youths and
adolescents, literature continues to evolve; however, it still pre-
sents a myriad of controversies ranging from the presentation
timing, quality of reported data, and etiology of symptoms.

Etiology of symptoms. There is no general agreement on the
lethal dose in adults, but it is estimated to range between 0.5
and 1 mg/kg of body weight. This estimated lethal dose refers
to the amount of nicotine that could be potentially fatal if
ingested as high nicotine levels can cause significant adverse
side effects such as neurological complications.3! However, the
use of e-cigarettes, which are believed to have a similar or
higher rapidity of delivery of nicotine than conventional ciga-
rettes,3? raises questions as to how these seemingly small
amounts of nicotine can lead to toxic-level complications such
as seizures. While it is generally unclear whether toxicity from
e-cigarettes stems from higher nicotine concentrations or rapid
delivery mechanisms, it is hypothesized that increased plasma
concentration and higher bioavailability of nicotine, depending
on the isomer of nicotine, make it faster to be absorbed into
circulation, hence why its effects may be exaggerated.

Timing of presentation. Another leading question on its symp-
tomatology surrounds the timing of presentations. Several case
reports indicate varied times of presentation of seizures, from a
few seconds after use to 30minutes and several hours. It is
envisaged that nicotine possesses increased bioavailability,
which suggests the highest point activity of nicotine is imme-
diately after use when brain levels are highest.’® This makes the
presentation of seizures immediately after the use of e-ciga-
rettes plausible since its nicotine levels and brain activity are
presumably still at their highest (see Figure 2).

However, nicotine metabolism and elimination half-life
must also be considered. Nicotine is rapidly absorbed and
reaches peak plasma concentration within minutes, but its
effects can persist as it is metabolized into cotinine, which has
a longer half-life. This ongoing presence of nicotine and its
metabolites in the bloodstream could explain why seizures can
occur several hours after vaping,

Additionally, variations in individual metabolism, genetic
polymorphisms affecting nicotine metabolism, and the pres-
ence of other substances in e-cigarette liquids could influence
the timing and severity of seizure presentations. Therefore,
while the highest risk period for seizures may be immediately

after vaping due to peak nicotine levels, the extended effects of
nicotine and its metabolites can account for delayed presenta-
tions. This variability demonstrates the complexities of nico-
tine’s impact on the body and emphasizes the need for
additional research to fully understand the timing and mecha-
nisms of seizure presentations associated with e-cigarette use.

Quality of evidence. Furthermore, another ongoing curiosity
among scholars is why, in cases where seizures were the only
presentation, no other symptoms of potential toxicity from
e-cigarette use were observed. Nicotine toxicity presents with
neurological, cardiovascular, and respiratory complications, and
it raises questions as to why seizures were the only presentations
without accompanying systemic toxicity. This leads to further
debate on the quality of reported seizures in existing literature
(see Table 1). Could it be that the reported seizures were not
seizures? To date, no study has described the causal link between
e-cigarettes and seizures, and many of the existing data consists
of self-reported data, making it unreliable. Since neurological
complications of toxicity include tremors and muscle fascicula-
tions,* it can be envisaged that the seizures were tremors.

Many of these presentations also do not account for co-
morbid or concurrent medical conditions. This was proven in a
pediatric case report in which the patient vaped the entire con-
tents of an e-cigarette cartridge and developed seizures soon
after.3* While nicotine toxicity was the initial diagnosis since it
was consistent with patient symptoms, her toxicology profile
revealed a severe diphenhydramine overdose, which was con-
sistent with her symptoms. In this case, no nicotine or its
metabolites were detected.

Delving deeper into nicotine toxicity as a likely cause of sei-
zures, it is interesting to note that many of these case reports
show normal investigations that do not support nicotine toxic-
ity. It is expected that clinical findings such as pulmonary infil-
trates on chest imaging, signs of oxidative stress, cardiovascular
effects like impaired vascular flow and high blood pressure, and
immune effects are present along with seizures.®® One theory
that could be investigated is that smokers’ susceptibility to
e-cigarette-induced seizures differs. Case reports suggesting
e-cigarette-induced seizures revealed only a small fraction of
people who take e-cigarettes. This brings up the notion that
individual susceptibility plays a role in seizure presentation.
Differences in the frequency of usage, patterns, synergistic
interaction with other drugs, and concurrent medical condi-
tions may contribute to differences in how seizures present.
Ultimately, investigating these factors could play a role in
understanding individual susceptibility.

Clinical relevance and management protocol of
selected case reports

A study by Harden et al,?¢ highlights a crucial link between
seizures and the quality of life in epilepsy patients, a relation-
ship that persists even when considering the impact of depres-
sion. Severe recurring seizures can lead to increased worry,
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Figure 2. This figure outlines key factors related to seizures induced by e-cigarettes. The etiology of symptoms remains unclear, with no consensus on a
lethal dose of nicotine. High nicotine levels may cause neurological conditions, and symptoms can vary based on nicotine’s isomer and genetic
differences in users. The timing of seizure presentation can be immediate due to nicotine’s high bioavailability or delayed due to its long half-life. The
quality of evidence is impacted by the absence of other symptoms and the failure to account for co-morbidities in many case reports.

anxiety, and avoidance behaviors, ultimately affecting patients’
independence and daily functioning.3¢ Seizure clusters may
result in increased emergency room visits and hospitalization,

thus negatively impacting and disrupting other daily activities
such as work and studies.3” Also, the influence of seizures on

quality of life may likely be due to the physical dangers posed
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Table 1. Existing debates and controversies with e-cigarettes as a
cause of seizures.

CONTROVERSY DESCRIPTION

Etiology of There is consensus on the adverse effects of

symptoms high nicotine levels, but questions remain
about how e-cigarettes deliver nicotine
rapidly and whether this leads to toxic-level
complications like seizures. It is
hypothesized that increased plasma
concentration and higher bioavailability of
nicotine contribute to the exaggerated
effects.

Timing of
presentation

Varied times of seizure presentation have
been reported, ranging from immediately
after e-cigarette use to several hours later.
The immediate post-use presentation is
plausible due to peak nicotine levels, but the
existence of delayed seizures challenges
this hypothesis.

Quality of
evidence

Scholars question why seizures are the only
reported toxicity of e-cigarette use, as
nicotine toxicity typically presents with
systemic symptoms. Doubts persist
regarding the reliability of reported seizures,
with some cases suggesting misdiagnosis or
unreported concurrent conditions. Normal
investigations in some cases contradict
nicotine toxicity, raising further doubts.
Individual susceptibility may also play a role
in seizure presentation, suggesting the need
for investigation into usage patterns and
medical conditions.

by severe seizures, as well as concerns about future episodes and
potential side effects of medications.3¢

Seizures are accompanied by psychosocial challenges that
can profoundly impair the quality of life of vapers.3® Research
has consistently shown that as seizure severity increases, health-
related quality-of-life scores decrease, highlighting the perva-
sive impact of epilepsy on well-being.?® Even patients with
infrequent seizures, typically considered to have good control,
experience compromised quality of life compared to those who
are seizure-free.38

Furthermore, the connection between feelings of stigma and
medication side effects adds another layer to the clinical pic-
ture. Stigma related to seizures can impact patients’self-esteem
and well-being, albeit not conclusively supported by all find-
ings. There is a substantial impact of seizures on patients’ psy-
chological well-being.3? Studies like this consistently highlight
the substantial impact of seizure activity on patients’ psycho-
logical well-being. This is reflected in measurements using
scales like the HAD Scale, indicating a clear relationship
between seizure activity levels and patients’ emotional health.0

Multiple episodes of seizures lower the seizure threshold in
a person, increasing the likelihood of experiencing status epi-
lepticus, a potentially life-threatening seizure event. Recurring
seizure episodes may trigger a malignant epilepsy syndrome,
which may also be accompanied by gradual cognitive impair-
ment and resistance to anticonvulsant drugs.*! Many variables,

including a causal etiology like vaping, may combine to affect
how an epileptic seizure develops. Additionally, there is a
heightened risk of seizure-related injuries such as falls, head
injuries, fractures, and other physical traumas.3’

Ultimately, these findings underscore the critical impor-
tance of addressing seizure severity in the clinical management
of seizures due to vaping. The impact of seizures on various
aspects of patient’s lives, from social functioning to mental
well-being, can guide clinicians in developing comprehensive
treatment plans aimed at improving the overall quality of life
for the population.

While a definitive consensus or guideline for the assessment
and treatment of seizures resulting from e-cigarette use remains
lacking, several case reports indicate a consistent management
protocol for such cases. This alignment could potentially stem
from the wealth of literature available on the management of
seizures and epilepsy.#>#

It is conceivable that a general approach to history-taking
and seizure evaluation was employed, which might not neces-
sitate detailed reporting. However, the prevalent comorbidity
noted across these cases was the presence of mental disorders
such as depression, eating disorders, and ADHD.%1046:47 For
the examinations conducted, the case reports primarily cen-
tered on the findings of neurological examinations, all of
which yielded unremarkable results. Notable features of the
seizures, as documented in these cases, included generalized
tonic-clonic seizures,!? often followed by a typical post-ictal
state without accompanying neurological manifestations.
Some individuals additionally described experiencing visual
auras and anxiety attacks.”*® The duration of these seizures
typically lasted under 2 minutes, occurring within minutes to
several hours after vaping.

The management of seizures resulting from vaping has been
the subject of various case reports, each revealing a recurring
pattern in investigative approaches. In a study by Liu and
Meclntosh,* 2 cases of vaping-associated seizures were docu-
mented, involving a 17-year-old and a female patient. The
investigations conducted included a urine drug screen, electro-
encephalogram (EEG), brain MRI without contrast, and elec-
trocardiography (ECG). Additionally, the female patient
underwent a urine hCG test to rule out pregnancy, mirroring
the approach seen in a study by Liu-Zarzuela and Sun.’ Their
report of multiple seizure episodes included a comprehensive
evaluation with a drug screen, head CT scan without contrast,
brain MRI, EEG, and ECG, with the addition of transesopha-
geal echocardiography (TTE).

A different but similarly thorough assessment was described
in the case of the 16-year-old female with a history of general-
ized epilepsy. Here, an epilepsy panel was incorporated along-
side the aforementioned investigations from other case reports.
It is important to highlight that all investigations yielded unre-
markable results across these cases (see Supplementary Figure
1 for detailed breakdowns of other cases). Notably, despite a
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history of vaping before the seizure events and hospital presen-
tation, urine drug tests were consistently negative. This under-
scores the complexity of diagnosing and managing seizures
associated with vaping, urging further investigation into the
mechanisms underlying these events.

To date, no studies or trials have specifically investigated
pharmacological and non-pharmacological treatments for sei-
zures associated with e-cigarette use. However, many reports
draw treatment inferences from the established knowledge of
seizures related to other causes, such as epilepsy.## In a case
report detailing 2 cases,!® no pharmacological intervention or
antiepileptic drugs were prescribed. This decision may have
been influenced by the absence of any identifiable pathological
cause, the recording of a single seizure episode, and the unre-
markable results of investigations.

Conversely, 3 separate case reports documented the admin-
istration of levetiracetam to patients experiencing seizures fol-
lowing e-cigarette use.”1%47 Levetiracetam is an anti-epileptic
drugs that involves modulatuing neurotransmitter release mak-
ing its frequent use in seizure management.*

Interestingly, a recurring pattern of seizure episodes persisted
in some individuals until they discontinued vaping entirely.!°
Additionally, in the case of a 16-year-old female with a history
of epilepsy, her medication regimen was modified from
Levetiracetam, Zonisamide, and Ethosuximide to Lamotrigine.
Lamotrigine is involved in modulating activity of voltage-gated
ion channels as well as its neuro-protective effects.”® Despite
7months free of seizures and vaping, the seizures returned upon
resuming e-cigarette use. It is possible that Levetiracetam was
preferred in the reported cases due to its broad-spectrum effi-
cacy and favorable side effect profile, which makes it suitable for
managing various seizure types, including those potentially trig-
gered by the neurotoxic effects of nicotine.

The management protocol for seizures associated with vap-
ing remains multifaceted and largely reliant on the existing
knowledge of seizures, particularly those stemming from epi-
lepsy. There are no general guidelines or consensus on the
approach toward the evaluation and management of patients
with seizures as a result of e-cigarettes.

In clinical practice, it is also essential for physicians to con-
sider the assessment of pre-existing psychiatric conditions
when evaluating patients, as the treatment of these conditions
with certain pharmacological agents can potentially induce sei-
zures. Clinical complications resulting from the treatment of
psychiatric disorders are well-documented. For instance, parox-
etine, used in treating social anxiety disorder, has been associ-
ated with hair loss.! Additionally, isotretinoin has been
reported to induce psychotic mania,*? and bupropion intoxica-
tion has led to acute dystonia following epileptic seizures.>

While these cases may not directly diagnose e-cigarette-
induced seizures, they underscore the importance of a thor-
ough differential diagnosis. By ruling out psychiatric conditions
and their treatments as potential causes, physicians can more

accurately attribute seizures to e-cigarette use, thereby contrib-
uting to a diagnosis of exclusion. This comprehensive assess-
ment approach ensures a more precise identification of
e-cigarette-induced seizures, emphasizing the need for vigi-
lance in monitoring the neurological effects of both psychiatric
treatments and e-cigarette usage.

Public health directions

The implications for public health are profound, particularly
given the rise in e-cigarette use among young people. Vaping
products are widely marketed as smoking cessation aids and are
prominently displayed in various retail settings in countries like
the UK, the US, and many others. The extensive marketing and
advocacy through various channels, such as social media, broad-
ens exposure to e-cigarette products. The accessibility to these
products puts young people, especially children and adolescents,
atrisk of being introduced to e-cigarettes. The acute toxicity asso-
ciated with e-cigarettes and their recent link to seizures raises
concerns, highlighting the need for urgent policies to protect
young individuals from the adverse effects of these products.

FDA's actions, such as the marketing denial orders issued to
JUUL Lab Inc.in 2022 (which were later rescinded), reflect the
need to address these concerns in various countries. The FDA
of the USA is currently compiling data and reports on seizures
associated with vaping. According to publicly available infor-
mation, there have been 129 reported cases from 2010 to
2019.5% As of March 2021, more than 250 reports of e-ciga-
rette-associated seizures have been documented, further under-
scoring the need for awareness and intervention.!3 Such
interventions should be targeted at young people and adoles-
cents who are known to be primary users of the product while
ensuring that all perspectives on the consequent use of e-ciga-
rettes are properly demonstrated. This should include targeted
educational campaigns and engagement with community
members and healthcare providers to enhance prevention and
intervention measures. The educational campaigns should
focus on informing young people about the potential neuro-
logical risks associated with e-cigarette use, including seizures,
and the long-term implications, such as addiction.

There is evidence that those who use e-cigarettes and have
seizures have an increased risk of developing spontaneous or
neurologically triggered epilepsy. Several variables, including a
causal etiology like vaping, may combine to affect how an epi-
leptic seizure develops. Anticonvulsant medication does not
seem to affect the long-term prognosis in terms of short-term
seizure suppression. Recurring seizure episodes following vap-
ing may trigger a malignant epilepsy syndrome, which may also
be accompanied by gradual cognitive impairment and resist-
ance to anticonvulsant drugs.*!

To control the use of e-cigarettes, debates around e-ciga-
rette regulation have intensified. While some advocate for
complete bans on e-cigarette sales to curb youth usage, others
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argue for a nuanced approach. Banning sales in gas stations and
convenience stores while allowing them in specialty tobacco
and vape shops is proposed as a balanced strategy.*” Regulatory
agencies such as the FDA should conduct and disseminate the
latest research on vaping, which shows that nicotine used in
vaping devices has potential to cause seizures, may be harmful
to attention, learning, and memory in young people, and that
people who vape may be more susceptible to long term addic-
tion. Policymakers and other interested parties should be
informed about these facts for informed evidence-based deci-
sion-making and public and mental health education efforts. It
is also essential that manufacturers of ENDS are held to a
stricter transparency standards. Regulatory bodies should
impose measures such as clearer labeling of e-cigarettes com-
ponents to ensure proper information on health risks as well as
more rigorous testing to identify and quantify chemical con-
stituents while also minimizing the potential for harmful addi-
tive effects of various ingredients.

To highlight the importance of addressing psychological
sequelae in patients with seizures, it is imperative to draw par-
allels with other medical conditions where psychological
impacts are well-documented. Evidence shows that psycho-
logical sequelae are significant in various health conditions,
such as contact dermatitis, resistant epilepsy, acne vulgaris, and
beta-thalassemia. For example, contact dermatitis can lead to
social appearance anxiety,> while resistant epilepsy has been
linked to heightened psychological distress due to its chronic
and debilitating nature.”® Similarly, patients with acne vulgaris
often experience social appearance anxiety,”> and those with
beta-thalassemia major suffer from anxiety and depression.*”

Applying these findings to patients with seizures suggests
that the psychological burden can be considerable, necessitat-
ing comprehensive management strategies that address both
the physical and mental health aspects of the condition. This
holistic approach ensures that patients receive the necessary
support to improve their overall quality of life.

Policymakers and other stakeholders should be informed
about these facts for evidence-based decision-making and pub-
lic health education efforts. Specifically, policies could include:

e Restrictions on e-cigarette marketing and sales to minors.

e Implementation of warning labels on e-cigarette prod-
ucts highlights the risk of seizures and other neurological
effects.

e Development of school-based educational programs to
inform students about the risks of e-cigarette use.

e Establishment of support services for young people look-
ing to quit vaping.

e Enhanced surveillance and reporting systems to monitor
adverse effects related to e-cigarette use.

These targeted efforts would help to mitigate the public health
risks associated with e-cigarette use and protect young indi-
viduals from its harmful effects.

Limitations of study

This narrative review has several strengths: it provides a com-
prehensive review of the current state of knowledge using
recent research findings, case reports, and epidemiological data.
Moreover, we adopt a multi-faceted approach by delving into
both clinical aspects and the public health implications of these
health concerns while identifying research gaps in e-cigarette-
associated seizures.

A foremost limitation is that many cases are unreported/
underreported, potentially skewing the data towards more
severe cases that warrant medical attention, and cases from
geographical locations with access to healthcare services.
Consequently, our study may not fully capture the spectrum of
seizure activity related to e-cigarette use, limiting our ability to
make definitive conclusions about its prevalence and character-
istics. Furthermore, the reliance on case reports and self-
reported data for identifying seizure incidents linked to
e-cigarette usage may be inherently prone to biases, including
recall bias and reporting bias. Individuals may not accurately
remember or choose to report all relevant details about their
e-cigarette use, seizure episodes, and any associated factors.
Given the objectives and large scope of this review, it is not
viable to undertake it using a structured methodological
approach (ie, systematic or review).

Conclusion

Our study revealed a range of neurological symptoms, includ-
ing sudden tonic-clonic seizures, tongue biting, and urinary
incontinence linked to e-cigarette use, highlighting the
potential dangers of neurotoxic substances like propylene gly-
col and nicotine in e-liquids. These ingredients may disrupt
neuronal function and increase seizure risk, pointing to the
necessity of further research to understand their interactions
with the brain. Additionally, the significant use of e-cigarettes
among young people also brings to the fore an urgent need
for effective public health policies and regulations to address
this growing concern.

Building on the insights gathered by our study, some recom-
mendations will potentially address the identified limitations
and pave the way for increased opportunities for enhanced
safety of e-cigarette use. To address the challenge of underre-
porting and to better understand the prevalence of e-cigarette-
associated seizures, there is an urgent need to enhance existing
FDA reporting systems for adverse events. Healthcare profes-
sionals should be encouraged to report cases through these
established channels, thereby strengthening the national
reporting network. The development and dissemination of
comprehensive clinical guidelines for the management of
e-cigarette-associated seizures are also crucial. These guide-
lines should outline best practices for the evaluation, classifica-
tion, diagnosis, and treatment of individuals presenting with
seizures potentially linked to e-cigarette use. They should also
address the management of e-cigarette use in individuals with
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pre-existing seizure disorders. This would make findings such
as clinical management outcomes more consistent, robust, and
comparable across studies. Specifically, the diagnostic guide-
lines should review a seizure-vaping specific history, which
would include details of the seizure episodes, including (date
and time of occurrence, activities before the seizure, including
vaping, description of the seizure from the patient, and, if pos-
sible, from witnesses, duration of the seizure, frequency of sei-
zures, recovery period, and any postictal symptoms), and
investigation of patterns or triggers noticed by the patient,
including association with vaping.

Ultimately, a multidisciplinary approach culminating in
clinical vigilance, policy regulatory action, and public health
awareness is imperative to address the association between
e-cigarette use and seizure susceptibility, thereby safeguarding
both individual well-being and public health. Longitudinal
studies are also needed to establish causal and temporal rela-
tionships between seizures and e-cigarette usage as users will
be monitored over time to assess the incidence of seizures, to
account for bias and confounding influences, and to take into
account changes in e-cigarette use patterns or devices.
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