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We present the case of a child with long-standing, super-refractory status epilepticus (SRSE) who manifested
prompt and complete resolution of SRSE upon exposure to pure cannabidiol. SRSE emerged in the context of re-
mote suspected encephalitis with previously well-controlled epilepsy. We discuss the extent to which response
may be specifically attributed to cannabidiol, with consideration and discussion of multiple potential drug–drug
interactions. Based on this case, we propose that adjunctive cannabidiol be considered in the treatment of SRSE.

© 2018 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Keywords:
EEG
Status epilepticus
Cannabidiol
Pediatric
1. Introduction

Super-refractory status epilepticus (SRSE) is defined as status epi-
lepticus that continues or recurs at least 24 h after the onset of anesthe-
sia [1]. SRSE is an important focus of ongoing research given the
exceptionally highmorbidity andmortality [2, 3], and the absence of ev-
idence-based therapeutic options. Given the relatively low incidence of
SRSE, clinical trials are quite challenging from a feasibility standpoint.
Accordingly, although there are no randomized controlled trials
supporting any specific treatment modality, there are abundant con-
temporary case reports and case series suggesting effectiveness of mul-
tiple therapies including ketamine [4], ketogenic diet therapy [5, 6],
electroconvulsive therapy [7], thalamic deep brain stimulation [8], re-
petitive transcranial magnetic stimulation [9], surgical resection (even
hemispherectomy) [10, 11], immunotherapy (i.e. corticosteroids) [12],
and most recently, allopregnanolone [13–15].

The treatment of epilepsy with cannabis (marijuana) derivatives,
and in particular cannabidiol (CBD), has generated great enthusiasm
in recent years. Several contemporary studies suggest that adjunctive
CBD is efficacious and well-tolerated in the setting of Dravet syndrome
[16], Lennox–Gastaut Syndrome [17], and infantile spasms [18], and
controlled clinical trials are either completed or underway for all three
syndromes. However, there is no compelling evidence that the potential
efficacy of CBD is limited to these relatively uncommon childhood-onset
epilepsies. CBD may represent a broad-spectrum anti-seizure drug
10833 Le Conte Ave, Room 22-
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. This is an open access article under
(ASD), given that (1) the precise anti-seizure mechanism of action of
CBD is unknown, (2) the hypothesis that CBD impacts neuronal function
via multiple – and perhaps novel –mechanisms [19], and (3) the obser-
vation that CBD bears little structural resemblance to all other ASDs.
With regard to SRSE, there has been mixed success accompanying the
use of CBD.Whereas an artisanal CBD-enriched extractwas reported in-
effective in the treatment of a single young adultwith SRSE [20], efficacy
of pharmaceutical-grade purified cannabidiol was favorable in a series
of children treated for highly refractory seizures (including status epi-
lepticus) attributed to febrile infection-related epilepsy syndrome
(FIRES) [21]. We now present the case of a child with SRSE (not associ-
ated with FIRES) treated with pharmaceutical-grade purified CBD.

2. Methods

Clinical data were abstracted from the medical record. The use of
CBD (Epidiolex®, GW Pharmaceuticals, UK) was accomplished via the
emergency investigational new drug (EIND) program of the United
States Food and Drug Administration. Informed consent was obtained
from the patient's parents prior to any study procedures.

3. Clinical history

The patient is a 12-year-old right-handed female with history of ep-
ilepsy of unknown cause (possible encephalitis), with onset at age
5 years. Seizures manifested with exclusively left-hemispheric onset
focal seizures, with and without impairment of awareness, and with
and without focal to bilateral tonic–clonic seizures. From age 5 to
12 years, long spans of seizure freedom accompanied the use of
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ebcr.2018.07.004&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ebcr.2018.07.004
shussain@mednet.ucla.edu
http://www.sciencedirect.com/science/journal/22133232
www.elsevier.com/locate/ebcr
https://doi.org/10.1016/j.ebcr.2018.07.004
http://creativecommons.org/licenses/by-nc-nd/4.0/


Fig. 2. Clobazam and N-desmethylclobazam (NDCLB) levels as a function of cannabidiol
exposure. A dramatic non-linear rise in dose-normalized CLB and NDCLB levels
accompanied CBD exposure. Maximum CBD dosage was achieved on day 10 and further
elevations in serum CLB/NDCLB levels accompanied discontinuation of MDZ, PB, PER,
and dose-reduction of LAC.

142 R.R. Rajaraman et al. / Epilepsy & Behavior Case Reports 10 (2018) 141–144
lacosamide (LAC), levetiracetam (LEV), and clobazam (CLB), though
breakthrough seizures occurred approximately annually. At age 12,
the patient suffered a precipitous and unexplained escalation of sei-
zures, with evolution to SRSE. After numerous treatment failures (see
Fig. 1), seizures were nearly controlled with intravenous midazolam
(MDZ) or pentobarbital (PTB), thoughmultiple attempts to wean either
agent led to resurgence of seizures. With seizures localized to both the
left central and frontopolar regions on EEG – despite normal neuroim-
aging – the clinical team prepared for extraoperative electrocorticogra-
phy with the expectation that the identified epileptogenic zone would
likely encompass dominant motor cortex (hand). Anticipated resection
of eloquent cortex was deemed reasonable, relative to the risks of SRSE
and prolonged intensive care unit hospitalization.

Aftermore than threemonths of SRSE, as a lastmedication trial prior
to surgery, the patient began treatment with CBD in the midst of
frequent clinical seizures (5–20/day) and while still receiving MDZ
(0.3 mg/kg/h), CLB (1 mg/kg/day), phenobarbital (PB, 0.8 mg/kg/day),
LAC (10 mg/kg/day), and perampanel (PER, 0.2 mg/kg/day). CBD was
administered orally with an initial dosage of 5 mg/kg/day, divided
BID, with titration by 5 mg/kg/day every 3 days to a peak dose of 20
mg/kg/day. Clinical seizure-freedom was achieved on day 12 of CBD,
but subclinical seizures persisted. The patient was discharged on day
21 of CBD, and complete seizure freedom was demonstrated with 24-
hour video-EEG on day 64 of CBD. The patient remains seizure-free at
most recent follow-up, despite the sequential discontinuation of PB,
MDZ, PER, and dose-reduction of LAC. At present, the patient is
maintained on CBD (20 mg/kg/day), CLB (0.8 mg/kg/day), and
zonisamide (ZNS) (0.6 mg/kg/day, tapering).

CBD was generally well-tolerated with the patient having resumed
all activities of daily living, though she reported substantial fatigue
and gained 15 kg (25% body mass) in the first year of CBD exposure.
In addition she developed new-onset non-epileptic seizures (NES),
which were initially mistaken for epileptic seizures and which
prompted a course of corticosteroids, titration of CBD to the original
weight-based dosage of 20 mg/kg/day, and initiation of ZNS.

Of note, compared to pre-CBD baseline, serum levels of CLB and N-
desmethylclobazam (NDCLB) rose substantially (Fig. 2) during both ti-
tration andmaintenance of CBD treatment, and despite aforementioned
reductions in the weight-based dosage of CBD and CLB. In addition, the
Fig. 1. Time course of seizure burden and treatment exposure. After three months of SRSE an
seizures. On day 258, non-epileptic seizures emerged and were mistaken for epileptic seizure
off). Abbreviations: IVIG, intravenous immunoglobulin; SRSE, super-refractory status epilepticu
relatively dramatic rise in CLB and NDCLB levels over the first 60 days of
CBD therapy also accompanied discontinuation of PB and MDZ and
dose-reduction of PER.

4. Discussion

To our knowledge, this is the first report in which adjunctive CBD
treatment promptly accompanied resolution of SRSE not associated
with FIRES. The favorable outcome in this patient is especially notewor-
thy given the considerable risk of morbidity that would have likely ac-
companied an even longer intensive care unit hospitalization, or the
disability that might have accompanied the resection of eloquent cor-
tex. However, as this was not a controlled trial, we must consider
other potential – albeit unlikely – mediators of response, including
spontaneous resolution of SRSE, a late effect of allopregnanolone, or per-
haps elevated serum levels of CLB and NDCLB. Furthermore, to the
d numerous treatment failures, CBD treatment (blue) accompanied prompt resolution of
s, prompting a course of prednisone (now discontinued) and zonisamide (now tapering
s.
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extent that CBDmay have been effective, it is unclear whether response
should be attributed to CBD alone, or the combination of CBD with CLB,
MDZ, LAC, and/or PB.

With regard to allopregnanolone, the likelihood of late response is
small. In those cases in which allopregnanolone has been reported as
successful, allopregnanolone enabled successful taper of first-line ther-
apy for status epilepticus (e.g. PTB or MDZ) [13–15]. In our patient,
PTB taper following allopregnanolone was unsuccessful. Furthermore,
this patient required continuous PTB or MDZ infusion for 20 days fol-
lowing the last dose of allopregnanolone, a span duringwhich CBD dos-
age was titrated.

The possibility of interaction – or perhaps synergy – between CBD
and CLB is intriguing. The effect of CBD exposure on CLB and NDCLB
levels is well-characterized. Given that CBD is a potent inhibitor of
CYP3A4 [22] and CYP2C19 [23] – at least in vitro – and that both CLB
and NDCLB are substrates of CYP3A4 and CYP2C19 [24] it is not surpris-
ing that CLB and NDCLB concentrations rose. However, rather than a
symmetric rise in CLB and NSCLB levels, we would have expected iso-
lated NDCLB elevation, or NDCLB rise out of proportion to CLB, as ob-
served in prior reports [25–27]. Furthermore, it is unclear why CLB
and NDCLB levels continued to rise after CBD titration was complete.
We suspect that a third- or higher-order drug–drug interaction may
have occurred and speculate that dose reduction of PB (a CYP3A4 in-
ducer) might have also yielded higher CLB and NDCLB concentrations.
Conversely, CLB exposure may increase serum levels of both CBD and
its activemetabolite, 7-hydroxycannabidiol, via CYP2D6 and/or UGT in-
hibition, thus suggesting a bidirectional relationship [28]. Froma clinical
standpoint, however, it seems unlikely that the supratherapeutic levels
of CLB and NDCLB that accompanied CBD treatment are responsible for
resolution of SRSE. With the observation that our patient was conscious
in spite of long-standing and high doses of MDZ (0.3 mg/kg/h) and CLB
(1 mg/kg/day), we postulate that synaptic GABAA receptors were likely
internalized to a large extent, and thus inaccessible targets of CLB and
NDCLB at the time CBD were initiated.

5. Conclusion

Given the paucity of evidence-based therapies for SRSE aswell as the
prompt and enduring response that accompanied the adjunctive ad-
ministration of CBD in this patient, CBD should be a consideration in
the treatment of SRSE. However, this report does not prove efficacy
and pharmacokinetic analysis in the setting of SRSE is needed to disen-
tangle possible drug–drug interactions. A formal clinical trial to evaluate
the safety and efficacy of CBD for treatment of SRSE is warranted.
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