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 Patient: Female, 17-year-old
 Final Diagnosis: Drug toxicity
 Symptoms: Seizure
 Medication: —
 Clinical Procedure: —
 Specialty: Neurology

 Objective: Unusual clinical course
 Background: The electroencephalographic (EEG) findings associated with tetrahydrocannabinol (THC) use, particularly in con-

centrated form, are not well-described, despite the current widespread availability of these products. There is 
a lack of prior research describing the EEG findings in adolescent cannabis users, and the effects of THC on the 
seizure threshold have been variably reported.

 Case Report: A 17-year-old girl with no prior history of seizures or known seizure risk factors presented to an Emergency 
Department with acutely abnormal behavior in the setting of daily vaping of highly concentrated THC marijua-
na (“wax”). On admission, she had a witnessed generalized tonic-clonic seizure. Urine toxicology was positive 
for THC, and an extensive evaluation for other etiologies of her encephalopathy was unrevealing. Extended EEG 
on admission showed mild diffuse background slowing with occasional bifronto-centrally predominant sharp 
and spike wave discharges. Seven days later, without interim antiseizure medications, a repeat extended EEG 
showed resolution of the previously seen interictal findings.

 Conclusions: The clinical and EEG findings were temporally associated with the patient’s use of concentrated THC and may 
represent a constellation of symptoms of a THC wax toxidrome. In this case, THC was associated with lower-
ing the seizure threshold and triggering a provoked seizure in an adolescent with no prior evidence of seizure 
tendency. This case also suggests the possibility of THC concentrate itself generating epileptiform discharges, 
as has previously been described with synthetic cannabinoid use.
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Background

Interictal electroencephalographic (EEG) changes have not been 
previously described in the setting of the use of highly con-
centrated tetrahydrocannabinol (THC), despite these products 
being widely available in recent years. Although marijuana is 
the second most frequently used drug (after alcohol) in ado-
lescents, with nearly 7% of 12th grade students in the United 
States reporting daily marijuana use in 2020 per the National 
Institute on Drug Abuse’s Monitoring the Future study, there 
is a paucity of research describing EEG findings among adoles-
cent cannabis users, and the described effect of THC on seizure 
threshold has varied widely [1-3]. Limited data from animal 
models and human studies of chronic cannabis use describe 
a disruption in gamma EEG oscillations and thus a potential 
modulation of underlying network rhythms [4-7]. Recently, a 
limited number of case series have described seizure provoca-
tion and interictal EEG abnormalities following the use of syn-
thetic cannabinoids (eg, “spice”). The mechanism of these out-
comes is unknown but is thought to be potentially related to 
effects at the cannabinoid type 1 (CB1) receptor [8,9]. However, 
to our knowledge, this phenomenon has not been previous-
ly described with cannabis “wax,” which typically refers to a 
concentrated preparation with far higher amounts of THC (on 
the order of 50 times greater) than in other formulations [10].

We report a case of an adolescent with no prior seizure his-
tory or known epilepsy risk factors who experienced a gener-
alized tonic-clonic seizure after use of cannabis wax. The pa-
tient was found to have interictal abnormalities on EEG, which 
normalized after 7 days of inpatient monitoring without fur-
ther marijuana use.

Case Report

A 17-year-old girl with a history of depression and a prior psy-
chiatric hospitalization, but no prior personal or family his-
tory of seizure, was brought in by her foster mother to the 
Emergency Department after 4 days of abnormal behavior, 
including emotional lability, paranoia, and irritability. Several 
hours before presentation, the patient’s foster mother found 
her unresponsive after a presumed unwitnessed fall, with a 
brief episode of “eye darting” and decreased responsiveness 
with no prodromal symptoms. The patient endorsed daily use 
of highly concentrated THC marijuana (wax) in the form of vap-
ing cartridges, for at least the past 5 days. In the Emergency 
Department, she had a witnessed 1-min seizure with general-
ized tonic-clonic semiology and urinary incontinence. She was 
subsequently admitted for further evaluation.

The patient had no recent infectious symptoms, fevers, or sick 
contacts (including exposure to COVID-19). There was no prior 

history of seizure, syncope, or prior head trauma. She was pre-
viously diagnosed with depression and had an inpatient psychi-
atric hospitalization 6 months prior (for unspecified psychosis), 
and was started on olanzapine, which was self-discontinued 
2 months before presentation. There was a family history of 
schizophrenia in the patient’s father and bipolar disorder in 
the patient’s mother, but no known family history of seizures 
or neurological disease (although available history was limited 
by the patient’s infrequent contact with her biological family).

On admission, a complete metabolic panel (obtained in the 
postictal period) was notable for a bicarbonate of 10 mmol/L 
(attributed to postictal metabolic acidosis), which resolved 
on repeat testing; urine pregnancy test and urinalysis were 
negative. Magnetic resonance imaging of the brain with and 
without contrast showed an incidentally enlarged adenohy-
pophysis (felt to be clinically noncontributory in consultation 
with endocrinologists); results were otherwise unremarkable. 
An expanded urine toxicology screen was positive for THC. 
Broad-serum analyses to evaluate the patient’s encephalopa-
thy were obtained and unremarkable. These analyses includ-
ed SARS-CoV2 IgG and IgM, serum B12, HIV, syphilis rapid 
plasma reagin, thyroid studies, autoimmune encephalopathy 
panel, thyroglobulin and thyroperoxidase antibodies, antinu-
clear antibodies, double-stranded DNA antibody, complement 
studies, and Sjogren’s antibodies. Multiple cerebrospinal fluid 
(CSF) studies were obtained and were also unremarkable, in-
cluding basic CSF profile, bacterial culture, herpes simplex vi-
rus polymerase chain reaction, IgG index, oligoclonal bands, 
and autoimmune encephalopathy panel.

Extended EEG was performed on admission, and it showed mild 
diffuse background slowing with occasional bifronto-centrally 
predominant sharp and spike wave discharges, frequently oc-
curring in brief runs without ictal evolution (Figure 1). The pa-
tient was not given antiseizure medications and had no further 
seizures during the admission. Psychiatry evaluated the pa-
tient and felt her presentation was most likely related to sub-
stance-induced exacerbation of an underlying thought disor-
der. She was restarted on olanzapine with some improvement 
of her mental status, although with ongoing paranoid thought 
content and disorganized thought process. An extended EEG 
was repeated 7 days after admission and demonstrated com-
plete normalization of the background (Figure 2). The patient 
was ultimately discharged to an inpatient psychiatric hospital.

Discussion

This case report highlights the presence of interictal epilep-
tiform abnormalities on EEG following a first lifetime seizure 
(and another possible seizure within the prior 24 hours), like-
ly provoked by use of high-dose THC wax concentrate, in an 
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Figure 1.  Electroencephalography (longitudinal bipolar montage, sensitivity 10 μV/mm) on presentation demonstrating (A) mild 
diffuse background slowing with (B) occasional bifronto-centrally predominant sharp and spike wave discharges, frequently 
occurring in (very) brief runs without ictal evolution and primarily observed in wakefulness and N1 sleep.

A

B
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adolescent. In this case, we suspect the patient’s interictal 
discharges may have reflected a transient state of increased 
epileptogenicity following THC concentrate use, and that her 
diffuse background slowing was a related nonspecific finding 
reflective of her initial encephalopathy after frequent THC use 
and during the postictal period. Notably, these findings com-
pletely resolved on a repeat study with no interim antiseizure 
medication administration. The patient had no further seizures 
during her hospitalization, further supporting the theory that 
the initial clinical seizure(s) and EEG abnormalities were pro-
voked by THC use. As with spice use, the mechanism of this 
epileptogenicity is not fully understood, although we surmise 
it could be related to THC’s partial agonism of the CB1 recep-
tor. Further, high-dose THC may lower the seizure threshold 
by decreasing GABA transmission, as has been previously pro-
posed [8]. It is also possible that the patient may have had an 
underlying seizure tendency, although no historical risk fac-
tors suggested this. If the tendency existed, it may still im-
ply that use of the THC concentrate lowered the patient’s sei-
zure threshold.

Limitations of this case include unknown details about the spe-
cific THC (and possible CBD) concentrations in the wax prod-
uct used by the patient, as well as an inability to obtain the 
compound for analysis. Other potential confounding factors in 
this patient’s presentation include her suspected underlying 

Figure 2.  Repeat electroencephalography 7 days after presentation demonstrating normalization of the background.

psychiatric diagnosis, although this would not be expected to 
contribute to the epileptiform findings noted on EEG. Finally, 
while the patient did not receive antiseizure medications in the 
interim between the 2 EEG studies, it is possible that the olan-
zapine started during this time may have affected the back-
ground rhythm; however, olanzapine is typically associated 
with lowering the seizure threshold, and therefore would not 
be expected to reduce epileptiform discharges [11].

Conclusions

Amid conflicting evidence surrounding the effect of THC on the 
seizure threshold, this case supports a previously undescribed 
effect of high-dose THC concentrate in triggering a provoked 
seizure in an adolescent [2]. Moreover, as the patient had no 
prior evidence of an underlying seizure tendency, this case 
additionally suggests the possibility of THC concentrate itself 
generating epileptiform discharges, as has been previously de-
scribed in several cases of synthetic marijuana use [8,9]. As 
the use of THC concentrate, particularly in inhaled or vaped 
form, has a widely increasing prevalence among adolescents, 
it should therefore be considered in the differential diagnosis 
for otherwise unexplained presentations of first lifetime sei-
zure in patients of this age group.
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Department and Institution Where Work Was Done

This work was performed at the University of California San 
Francisco (UCSF), Department of Neurology, San Francisco, CA.
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