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Objective: Here we present a series of patients with WS that were refractory to antiseizure medications and the
ketogenic diet and who were treated with cannabidiol-enriched cannabis oil (CBD) as add-on therapy analyzing
efficacy, safety, and tolerability.

Material and methods: Medical records of eight patients with WS treated with CBD at a ratio of cannabidiol:A-9-
tetrahydrocannabinol (CBD:THC) of 25:1 seen between May 2020 and March 2021 were retrospectively
analyzed. In all patients CBD was started as add-on therapy.

Results: Eight patients (six female and two male) who received CBD for treatment-resistant WS were evaluated.
Ages ranged from 16 to 22 months. The etiology was unknown in five and structural in three. Initial CBD dose
was 2 mg/kg/day which was uptitrated to a median dose of 12 mg/kg/day (range, 2-25). Prior to CBD initiation,
patients had a mean of 63 seizures per day (range, 31-79). After a follow-up of between 6 and 13 months, a
75-99% decrease in seizure frequency was observed in two patients, a 50-74% decrease in two, a less than 50%
decrease in three, and no changes in seizure frequency were seen in the remaining patient. The index of EEG
abnormalities improved between 20 and 80% in seven patients concurrently with the reduction in seizures.
Adverse effects were mild and transient. Somnolence was observed in one patient, nausea and vomiting in one,
and behavior disturbances and irritability in another patient.

Conclusion: This study evaluating the use of cannabidiol-enriched cannabis oil in children with WS showed that

Cannabidiol
Epileptic spasms
Treatment-resistant
West syndrome

four (50%) of eight had a more than 50% seizure reduction with good tolerability.

1. Introduction

West Syndrome (WS) is an epileptic encephalopathy characterized
by epileptic spasms (ES) in clusters, an EEG pattern of hypsarrhythmia in
most of the cases, and developmental arrest or regression. The etiology
of WS may be either genetic, infectious, metabolic, immune, or un-
known as defined in the latest classification of the International League
against Epilepsy (ILAE) [1]. The prognosis of WS regarding seizures,
response to treatment, and cognitive development is variable [2].

In more than 70% of infants with WS an etiologic diagnosis can be
identified which may lead to early initiation of a specific therapy
possibly improving developmental outcome in the long term [3]. Hor-
mone therapy with adrenocorticotropic hormone ( ACTH) and pred-
nisolone and vigabatrin (VGB) are the first-line treatment for WS.
Unfortunately, only around 25% of children with WS become seizure
free and have normal (or near-normal) intellectual outcomes. The
remaining children are at risk of developing intellectual disability and
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treatment-resistant seizures that often evolve to other epilepsy syn-
dromes [4].

Over the past years, cannabidiol (CBD), a non-psychoactive deriva-
tive of the cannabis plant, has been used as a last resort for epilepsy
patients who do not respond to other treatments. There is increasing
evidence that CBD is a safe, and effective add-on therapy for patients
with Dravet [5] and Lennox-Gastaut syndrome (LGS) [6,7] as well as
other treatment-resistant epilepsies [8-10].

Since in previous studies CBD was found to be effective in children
with LGS [6,7] and particularly in those with LGS preceded by WS [11],
we hypothesized that patients with refractory WS may be good candi-
dates for treatment with CBD. Recently, a multicenter phase-2 study in
patients with refractory WS treated with synthetic pharmaceutical grade
CBD has been conducted [12].

Here we present a series of patients with WS refractory to antiseizure
medications (ASM) and the ketogenic diet (KD) who were treated with
CBD-enriched cannabis oil as add-on therapy analyzing efficacy, safety,
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and tolerability.
2. Material and methods

Medical records of eight patients with WS treated with CBD seen at a
private epilepsy center between May 2020 and March 2021 were
retrospectively analyzed. In all patients CBD was started as add-on
therapy.

The inclusion criteria were: (1) Infants aged 6 to 24 months, (2) a
diagnosis of WS according to the ILAE classification of seizures and
epilepsy syndromes [1], and (3) unresponsiveness to ACTH, corticoste-
roid therapy, and VGB, alone or in combination, and/or to other ASM,
and the KD. Infants with ES in clusters without hypsarrhythmia were
excluded.

Eligible patients were treated with a standardized plant extract of
cannabis (Rideau® oral cannabidiol solution) with a CBD: A—9-tetra-
hydrocannabinol (THC) ratio of 25:1 diluted into medium-chain tri-
glyceride oil provided by the Canadian laboratory Aphria. To ensure a
consistent potency of the oil, quality and production steps were used.
Analytical results within the specification range defined for the input
material, in-process control, and finished product. The manufacturing
process was validated to ensure consistency of each step and for the
product to meet all required specifications. The resulting end product
was tested by quality control. In addition, stability studies were per-
formed to ensure that shelf life was within the specification range. The
product was evaluated and approved by Health Canada and the
Argentine national drug control agency (ANMAT).

The initial CBD dose was 2 mg/kg/day given twice daily. The dose
was gradually increased during two-weekly office visits up to a
maximum of 25 mg/kg/day until response and as long as the drug was
well tolerated. Follow-up visits were monthly thereafter.

After CBD initiation, the ASM the patients were receiving were not
modified and no other pharmacological or non-pharmacological treat-
ments were added. At CBD initiation, the patients were receiving a mean
of five ASM (range, 4-7). The month previous to CBD initiation was
considered as the baseline period for comparison.

Physical and neurological examinations and laboratory studies as
well as seizure frequency, type, and duration were assessed. The seizures
were classified according to the Revised Classification of Seizures of the
ILAE [13]. The ES were recorded in a seizure diary by the parents or
caregivers of the patients and the association with other types of seizure
was also considered. Improvements on the EEG were evaluated by the
treating neurologist (RC).

A prolonged video-EEG of at least 6 h during sleep and while awake
was performed at treatment initiation and regularly afterwards. EEG
studies were compared to identify changes on the EEG before and after
CBD was started. The epileptiform discharges were quantified consid-
ering the index of EEG abnormalities, including spikes, spikes and
waves, polyspikes, slow waves, and voltage attenuation, including the
presence, disappearance, or modification of the hypsarrhythmia pattern.
The EEG abnormalities index was calculated during sleep and while
awake in an EEG recording lasting one hour. Single epileptiform dis-
charges as well as discharges with epileptic events that occurred over a
longer period were counted separately.

The efficacy of CBD was evaluated comparing seizure frequency
before starting treatment and after, and response was defined as (1)
seizure freedom, (2) a 75%-99% decrease in seizure frequency, (3) a
50-74% decrease in seizure frequency, (4) a less than 50% decrease in
seizure frequency, (5) no change, and (6) increase in seizure frequency.
A seizure reduction of > 50% was considered a good response.

Adverse effects, recorded at each follow-up visit, were also
evaluated.

The study was approved by the ethics committee and a written
informed consent form was signed by the caregivers of all the patients.
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3. Results
3.1. General characteristics

Overall, eight patients (6 female and 2 male) who received CBD-
enriched cannabis oil for treatment-resistant WS were evaluated.
Mean age was 17 months (range, 10 to 22 months). The etiology was
unknown in five and structural in three. Initial CBD dose was 2 mg/kg/
day which was uptitrated to a median dose of 12 mg/kg/day (range,
4-25). None of the patients received concomitant clobazam. Mean
follow-up was 9.5 months (range, 6 to 13 months).

Prior to CBD initiation, patients had a mean of 63 ES per day (range,
31-79) and of six focal seizures per week (range, 2-10), respectively.
One patient had status epilepticus of ES lasting for 16 h (Fig. 1A and B).
In this patient, who had Aicardi syndrome, the interictal EEG recording
during sleep showed hypsarrhythmia alternating between one hemi-
sphere and the other (Fig. 2). The EEG recording during sleep did not
show paroxysmal abnormalities, except for background activity con-
sisting of “alpha-like” rhythms in the left hemisphere and bilateral slow
waves (Fig. 3).

3.2. Efficacy

After a follow-up of between 6 and 13 months, a 75-99% decrease in
seizure frequency was observed in two patients, a 50-74% decrease in
two, a less than 50% decrease in three, and no changes in seizure fre-
quency were seen in the remaining patient. The ages of the four patients
who responded were 12, 13, 14, and 15 months, respectively. None of
the patients became seizure free and in none of the patients the seizure
frequency increased. The index of EEG abnormalities improved between
20 and 80% in seven patients concurrently with the seizure reduction; in
three of four patients who had a more than 50% response, the hypsar-
rhythmia pattern disappeared. In the remaining patient, the pattern of
hypsarrhythmia was modified. In the four non-responders, hypsar-
rhythmia remained unchanged. In one (12.5%) patient CBD was dis-
continued after a period of 6 months because no changes in the seizure
frequency and EEG abnormalities were observed.

All patients received corticosteroid therapy; ACTH was given in
seven patients and oral corticosteroids in one. In addition, eight patients
received vigabatrin, associated with corticosteroids in four of them.
Furthermore, topiramate was given in five, valproic acid in five, leve-
tiracetam in five, zonisamide in three, rufinamide in three, lamotrigine
in two, and sulthiame in two patients. The ketogenic diet was tried in all
eight patients.

3.3. Adverse effects

Adverse effects were mild and transient. Somnolence was observed
in one patient, nausea and vomiting in one, and behavior disturbances
and irritability in another patient. Liver enzymes were not found to be
increased in any of the patients. In none of the patients CBD was dis-
continued due to severe adverse events.

Table 1 lists the etiology, seizure reduction, and improvement of the
EEG features in our series of eight patients with WS.

3.4. Follow-up

In all seven patients who continued on CBD, efficacy was maintained
over a mean follow-up of 9.5 months. Four of eight patients (50%) had a
greater than 50% decrease in seizures and in two patients with a seizure
reduction of less than 50%, communication and sleep patterns
improved.

4. Discussion

Over the past decade, CBD has been increasingly used as a last-line
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Fig. 1. A 13-month-old girl with Aicardi syndrome. The EEG recording shows repetitive epileptic spasms associated with diffuse slow waves in clusters during status
epilepticus 30 min after ES onset. Fig. 1B: The EEG recording of the same patient shows status epilepticus of ES associated with diffuse slow waves 3 h after onset.

option for patients with treatment-resistant epilepsy, particularly
epileptic encephalopathies. A good response to purified CBD was found
in patients with Dravet syndrome [5] and LGS [6,7] and specific etiol-
ogies, such as CDKL5 deficiency disorder and Aicardi, Dup15q, and
Doose syndromes [8-10].

Here we report our preliminary findings regarding efficacy and
tolerability of CBD added to ASM in a group of eight patients with
treatment-resistant WS. Four (50%) of eight patients had a more than
50% seizure decrease, of whom two had a 75-90% decrease in seizures;
therefore, response was considered to be good in these four cases. CBD
was started between 6 and 14 months after initiation of the first-line
treatment.

In our previous study evaluating patients with treatment-resistant
encephalopathies treated with add-on CBD-enriched cannabis oil [11],
38 patients had LGS of whom 29 (76.3%) were responders with a more
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than 50% seizure decrease. Twenty-four of 38 patients previously had
WS. Of this subgroup of 24 patients, 18 (75%) had a more than 50%
seizure reduction. Interestingly, two of these patients had Aicardi syn-
drome and two lissencephaly, all four of whom had a more than 75%
decrease in seizures. Our patient with Aicardi syndrome in the present
study had a 75-90% improvement in seizure frequency. In the study by
Devinsky et al. [9], in the subgroup of 19 patients with Aicardi syndrome
71% had a > 50% response to purified CBD. These findings suggest that
patients with treatment-resistant WS secondary to severe malformations
of cortical development and Aicardi syndrome may respond well to CBD.

In an open-label investigational-new-drug study, Herlopian et al.
[14] enrolled nine patients with refractory ES in addition to other
seizure types. Response of the ES to purified pharmaceutical CBD was
good, with a success rate in attaining ES freedom of 33% at two weeks
and 56% at 12 weeks.
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Fig. 2. The EEG recording during sleep shows hypsarrhythmia alternating between one hemisphere and the other in the patient with Aicardi syndrome.
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Fig. 3. The EEG recording during sleep of the same patient as in Figs. 1 and 2 does not show paroxysmal abnormalities, except for background activity consisting of
“alpha-like” rhythms in the left hemisphere and bilateral slow waves.
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Table 1
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Etiology, seizure reduction, improvement of the EEG features, CBD dose, adverse effects and follow-up in eight patients with WS treated with CBD-enriched cannabis

oil as add-on therapy.

West SyndromeEtiology Seizure reduction Improvement on the EEG (%)  CBD(dose) Adverse effects Time of Follow-up
(%) (months)
Unknown No changes No changes 25 mg/kg/ Somnolence 6
day
Unknown < 50% 25% 8 mg/kg/day — 8
Aicardi syndrome 75-90% 80% 20 mg/kg/ —_— 13
day
Hydrocephalus 50-75% 50% 12 mg/kg/ —_— 11
day
Unknown 75-90% 75% 13 mg/kg/ —_— 9
day
Hypoxic-ischemic < 50% 30% 10 mg/kg/ Nausea and vomiting 10
encephalopathy day
Unknown < 50% 30% 18 mg/kg/ —_— 7
day
Unknown 50-75% 50% 4 mg/kg/day Behavior disturbances and 12

irritability

Abbreviations: CBD: cannabidiol; EEG: electroencephalogram.

Hussain et al. [12] studied nine children 6 to 36 months of age with
IS that had failed treatment with both ACTH and VGB and subsequently
received synthetic pharmaceutical grade CBD. Their results were poor
with only one patient responding to therapy and eight patients exhib-
iting neither clinical nor electrographic response. The authors hypoth-
esized that younger patients with shorter duration of IS and fewer
treatment failures may respond better to CBD.

Although much remains unclear, differences in response to different
treatments of patients at different ages may be explained by brain
maturation, receptors, and epileptic syndromes. Receptors play a
prominent role in brain function, as they are the effector sites of
neurotransmission at the postsynaptic membrane. They exert regulatory
action in presynaptic sites for transmitter reuptake and feedback, and
modulate various functions on the cell membrane. This might explain
why CBD may be more or less effective at a certain age [15].

Timing of CBD initiation in children with WS has to be analyzed for
each case in particular, considering etiology. CBD may also be tried in
patients with treatment-refractory WS later in the course of the disease
when the clinical and electrographic features of WS are still present or in
the period of transition of WS to LGS [16].

Specific etiologies, such as genetic causes including malformations of
cortical development and Aicardi syndrome, may respond better to CBD.
Further studies, preferably randomized and double blind, with larger
sample sizes and subdividing patients into different etiological cate-
gories are necessary to support our findings. In addition, timing of
treatment initiation may be a factor to consider.

Furthermore, patients with other developmental epileptic encepha-
lopathies, such as ES in clusters without hypsarrhythmia or other en-
cephalopathies associated with ES that are refractory to ASM and KD,
may be candidates for CBD therapy.

In different systematic reviews on the use of CBD in randomized
controlled trials in DS and LGS as well as different other epileptic con-
ditions tolerability of CBD was found to be good. The most commonly
reported adverse events were somnolence, gastrointestinal symptoms,
decreased appetite, and increased serum aminotransferases [10,17,18].
In our series of children, the adverse events, consisting of somnolence
and nausea and vomiting, were mild. Behavior disturbances and irrita-
bility were observed in one of our patients.

In our study, we used an oil with a CBD/THC ratio of 25:1, different
from the purified or synthetic CBD preparations used in other studies. In
a clinical trial using CBD-enriched cannabis oil at a CBD:THC 20:1 for
the treatment of different types of epilepsy, Tzadok et al. [19] suggested
synergistic effects between CBD and THC, which was subsequently
emphasized by Melchoulam [20]. An '"entourage effect", in which
different pharmacokinetic interactions between cannabinoids lead to
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potentiation of the properties of the cannabis plant, has been described
[21]. In a epilepsy model of zebrafish [22] and in a mouse model of
Dravet syndrome [23] it was found that when THC and CBD were
applied together, they displayed a synergistic effect. These findings
might explain why our results were better than those observed when
purified or synthetic CBD was used. Whereas THC is known to directly
activate the brain endocannabinoid system, little is known about the
mechanism of action of CBD [24]. The intrinsic mechanisms of action of
both components and their interactions need to be further investigated.

Clearly, the small sample size and retrospective analysis of the pa-
tients are limitations of this study; however, the results in this series of
patients may contribute to further elucidate the role of CBD in the
treatment of patients with treatment-resistant WS.

5. Conclusions

This study evaluating the use of CBD-enriched cannabis oil in chil-
dren with WS showed that four (50%) of eight had a more than 50%
seizure reduction with good tolerability.

CBD may also be tried later when the clinical and electrographic
features of WS are still present or in the period of transition of WS to
LGS.

Further research studies with a larger number of patients and a
longer follow-up are necessary to evaluate if CBD is a good treatment
option in patients with refractory WS. These studies may also allow us to
assess which patients respond better to CBD in terms of etiology and
dosage.
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