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Introduction

Cannabidiol (CBD) is a neuroactive Cannabis 

derivative with antiseizure properties. Purified, plant-

based, pharmaceutical-CBD was US Food and Drug 

Administration (FDA) approved for the management of 

2 treatment-refractory epilepsies (Lennox-Gastaut syn-

drome [LGS] and Dravet syndrome) in June 2018, with 

expanded indication for tuberous sclerosis in July 2020, 

but literature on its use for seizures dates to the 1970s.1,2 

A 2014 Cochrane review of 4 randomized controlled trials 

concluded that these studies were “low quality” and “no 

reliable conclusions” could be made regarding the use of 

cannabinoids in the treatment of epilepsy.3 Patients with 

refractory epilepsy have been using non–FDA-approved, 

artisanal-CBD oil and other cannabis derivations as an-

tiseizure medications (ASMs) for several years. These 

preparations may be manufactured without using stan-

dardized methods and may contain imprecise amounts 

of CBD and/or other substances including psychoactive 

compounds such as Δ-9-tetrahydrocannabinol (THC).4

In an open-label trial of 162 patients using pharma-

ceutical-CBD, 79% reported adverse events including: 

somnolence (25%), anorexia (19%), diarrhea (19%), and 

status epilepticus (6%).5 The data for artisanal-CBD use 

in epilepsy, especially in pediatrics, are more limited; 

specifically, there is a lack of serum CBD concentration 

monitoring recommendations available that relate to 

artisanal-CBD in pediatric epilepsy.6 There is no clear 

target therapeutic range, and data are limited and in-

consistent when correlating serum CBD concentration 

with e�cacy and/or side e�ects. A known drug-drug 

interaction between CBD and clobazam, in which 

CBD inhibits CYP 2C19 and CYP 3A4 isoenzymes 

that metabolize clobazam and its active metabolite, 
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N-desmethylclobazam, leads to increased serum con-

centrations of both moieties and increased side e�ects, 

especially somnolence.7 A study of 81 patients taking 

CBD and other ASMs reported no change in serum val-

proic acid concentrations, but some patients reported 

increased somnolence on combination therapy.8 Driven 

by questions regarding the comparative safety and ef-

ficacy between artisanal- and pharmaceutical-CBD, we 

examined serum CBD concentrations, seizure control, 

and adverse e�ects in patients administered CBD. We 

hypothesized that serum CBD concentrations will be 

higher in patients taking pharmaceutical-CBD versus 

artisanal-CBD oil and that higher CBD concentrations will 

be correlated with increased side e�ects9 and decreased 

seizure frequency.

Materials and Methods

We performed a retrospective chart review of CBD-

treated children at Children’s National Hospital from 

2017 to 2021. Patients were identified by their treating 

neurologists and through an expanded access program 

using pharmaceutical-CBD (Epidiolex, GW Pharmaceu-

ticals, Cambridge, UK) for pharmacoresistant epilepsy. 

We also retrieved comprehensive reports for the hos-

pital system of all patients with quantitative CBD testing 

and included these patients. The expanded access 

program, which included patients 2 years of age to adult 

age who were not receiving any artisanal-CBD and with 

any type of refractory epilepsy, occurred prior to com-

mercial availability of Epidiolex. We included patients 

with epilepsy treated with artisanal- or pharmaceutical-

CBD who had quantitative serum CBD concentrations 

available. Artisanal-CBD was administered and dosed 

solely by caregivers.

We recorded demographics, epilepsy diagnosis, 

artisanal-CBD dosage/concentration (as reported by 

manufacturer on product bottle at visit), pharmaceutical-

CBD dose, serum CBD concentration, seizure his-

tory, and patient or caregiver reported side e�ects as 

documented in the medical record. We also recorded 

if the patient was prescribed a ketogenic diet and for 

the purposes of this study, considered the ketogenic 

diet as an ASM.10 Blood was obtained for the deter-

mination of a random CBD concentration in serum 

that was quantitated with high performance liquid 

chromatography/tandem mass spectrometry (LC-MS/

MS; NMS Labs, Horsham, PA). A patient blood sample 

was obtained at the clinic visit once the patient was 

estimated to be taking the stable dose for at least 2 

weeks. Baseline total seizure frequency was recorded 

as of the last documented note prior to starting CBD. 

Duration of follow-up was defined as months between 

starting CBD and the date of last follow-up. We tracked 

overall percentage change in all seizures from baseline 

to the time of obtaining the first serum CBD concentra-

tion. Responder rate was defined as ≥50% reduction in 

overall seizures11,12 (all seizure types [motor, non-motor 

including absence and focal unaware seizures] were 

included in this analysis).

We also recorded the serum concentration for 

clobazam and its metabolite N-desmethylclobazam 

(if measured). The determination of parent and me-

tabolite concentrations in serum was performed with 

LC-MS/MS (Mayo Clinic Laboratories, Rochester, MN). 

The number of ASMs was also tracked.

Statistical analysis was performed with Jamovi ver-

sion 1.6.23 (The Jamovi Project, Sydney, Australia). 

For interval variables (CBD concentration, percent-

age change in seizures, clobazam concentration, 

N-desmethylclobazam concentration), we used 2-sided 

Welch t test of independent sample, assuming unequal 

variance and statistical significance if p < 0.05. For 

categorical variables (50% responder rate), we used 

the chi-squared test. Spearman rho was calculated 

for the relationship between CBD dose and the CBD 

concentration.

Anonymized data will be shared by reasonable re-

quest from any qualified investigator.

Results

Forty-two patients met inclusion criteria, 48% female, 

with mean age of 10.1 years (range, 3–20 years) (Table). 

Three patients in the artisanal group had incomplete 

documentation of seizure change and were excluded 

from this analysis. There were several products re-

ported in the artisanal-CBD group. Four patients used 

Charlotte’s Web, 1 used Palmetto Harmony, 2 used 

Haleigh’s Hope, and 4 reported non-branded CBD oil 

use. There were 11 patients in the artisanal-CBD group 

whose charts were reviewed: LGS (n = 3), Dravet syn-

drome due to pathogenic SCN1A variant (n = 1), SCN2A 

developmental and epileptic encephalopathy (DEE) 

(n = 1), STXBP1 epileptic encephalopathy (n = 1), focal 

epilepsy due to structural etiology (n = 3), and genetic 

generalized epilepsy (n = 2). There were 31 patients in 

the pharmaceutical-CBD group—23 who were partici-

pating in a pharmaceutical-CBD (Epidiolex) expanded 

access program from September 2017 to March 2019, 

and 8 pharmacoresistant epilepsy patients—with the 

following diagnoses: LGS (n = 13), genetic generalized 

epilepsy (n = 9), DEE (n = 6), Dravet syndrome (n = 2), 

and focal unaware epilepsy of unknown etiology (n = 1).

Median CBD dose was as follows: artisanal group, 

4.3 mg/kg/day (IQR, 3.5–6.8 mg/kg/day); pharmaceu-

tical group, 25 mg/kg/day (IQR, 20–25 mg/kg/day). 

Dose was not recorded for 2 patients in the artisanal 

group. Mean serum CBD concentration was as follows: 

artisanal group, 51.2 ng/mL; pharmaceutical group, 124 

ng/mL (see Figure 1) (p = 0.022). There was a trend asso-

ciation between median CBD dose and CBD concentra-

tion (Spearman rho = 0.22; p = 0.089). At last follow-up 

(median follow-up, 7.8 months [IQR, 4.6–45 months] for 

artisanal group; 14.1 months [IQR, 4–20.7 months] for 

pharmaceutical group), patients treated with artisanal-
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CBD had no change in median overall seizures (IQR, 

−50% to 50%), whereas the pharmaceutical-CBD group 

had a median 50% reduction (IQR, −90% to no change; 

p = 0.199), as shown in Figure 2. The artisanal group had 

a 36% responder rate (n = 4/11) and the pharmaceutical 

group had a 45% responder rate (n = 14/31; p = 0.583). 

There were no reported side e�ects in the artisanal 

group; all reported side e�ects were in the pharmaceu-

tical group. Thirteen patients reported adverse e�ects 

(somnolence, emesis, diarrhea, diminished appetite), 

4 of whom ultimately discontinued CBD owing to side 

e�ects. Two patients in the pharmaceutical-CBD group 

discontinued CBD owing to lack of e�cacy.

All patients were co-administered another ASM. 

In both groups, patients were receiving on average 

2 other ASMs, not including CBD. Six of the 11 patients 

in the artisanal group (55%) and 6 of the 31 patients in 

the pharmaceutical group (26%) were administered 

clobazam; 2 patients in the artisanal group (18%) and 

4 patients in the pharmaceutical group (17%) used 

valproic acid. Other ASMs by drug (artisanal group 

number of patients, percentage of artisanal group/

pharmaceutical group, percentage of pharmaceuti-

cal group) included levetiracetam (4, 36%/8, 26%); 

topiramate (2, 18%/4, 13%); lacosamide (1, 9%/4, 13%); 

zonisamide (1, 9%/4, 13%); lamotrigine (3, 27%/6, 19%); 

ketogenic diet (1, 9%/2, 6%); oxcarbazepine (2, 18%/3, 

10%); phenobarbital (1, 9%/1, 3%); felbamate (1, 9%/4, 

13%); vigabatrin (1, 9%/0, 0%); ethosuximide (0, 0%/5, 

16%); rufinamide (0, 0%/6, 19%); clonazepam (0, 0%/4, 

13%); tiagabine (0, 0%/1, 3%); gabapentin (0, 0%/1, 3%); 

and brivaracetam (0, 0%/1, 3%). The average serum 

clobazam concentration in the artisanal group was 408 

ng/mL and the average serum clobazam concentration 

in the pharmaceutical group was 423 ng/mL (p = 0.938). 

The average serum N-desmethylclobazam concentra-

tion in the artisanal group was 8054 ng/mL, and 6780 

ng/mL in the pharmaceutical group (p = 0.73). The ref-

erence range for serum clobazam is 30 to 300 ng/mL, 

and for N-desmethylclobazam, 300 to 3000 ng/mL.13

Discussion

We found that the use of pharmaceutical-CBD is as-

sociated with larger average CBD dosages and higher 

serum CBD concentrations than artisanal-CBD in pedi-

atric patients with pharmacoresistant epilepsy. We also 

noted that the pharmaceutical-CBD group reported 

increased adverse e�ects. Given the wider acceptance 

of and expanding access to naturopathic treatments, we 

feel it is important to highlight the di�erences in CBD 

dosing and concentrations in a real-world cohort.

Given the typical recommended dosing of pharma-

ceutical-CBD at 10 to 20 mg/kg/day, our data suggest 

that the use of artisanal-CBD is associated with smaller 

CBD dosages, lower serum CBD concentrations, and 

may be associated with worse seizure control. In an 

Italian trial of pharmaceutical-grade, purified CBD oil 

in 29 refractory epilepsy patients (age, 1.9–16.3 years) 

Table. Clinical and Demographic Data*

Artisanal-CBD (n = 11) Pharmaceutical-CBD (n = 31)

Age, median (IQR), yr 8 (5–13.3) 9.5 (7–15.3)

F/U, median (IQR), mo 7.8 (4.6–45) 14 (4–21)

Sex, n (%)

 Male

 Female

4 (36)

7 (64)

14 (45)

17 (55)

Additional ASM

 Median (IQR)

 Using CLB, n (%)

 Using VPA, n (%)

 Using Keto, n (%)

2 (1–3)

6 (55)

2 (18)

1 (9)

3 (2–3)

6 (26)

4 (17)

2 (6)

Diagnosis, n (%)

 LGS

 Dravet

 GGE

 DEE

 Focal

3 (27)

1 (9)

2 (18)

2 (18)

3 (27)

13 (42)

2 (5)

9 (29)

6 (19)

1 (3)

Seizure outcome

 Overall, n (%)

 50% RR

0 (−50 to 50)

36

−50 (−90 to 0)

45

ASM, antiseizure medication; CBD, cannabidiol; CLB, clobazam; DEE, developmental and epileptic encephalopathy; F/U, follow-up; GGE, genetic 

generalized epilepsy; Keto, ketogenic diet; LGS, Lennox-Gastaut syndrome; VPA, valproic acid; 50% RR, 50% responder rate

*  All values expressed as n (%) or median (IQR).
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using doses up to 25 mg/kg/day, 37.9% reported a 50% 

reduction in seizures, while 62.1% of the cohort had 

no reported change in seizure frequency. We found 

a similar responder rate in our pharmaceutical-CBD 

group (45%). Interestingly, serum CBD concentrations 

were not reported in this trial.14 A prospective trial of 

artisanal-CBD with 21 children (median age, 10.3 years; 

IQR, 6.8–12.6 years) at Colorado Children’s Hospital 

found no correlation between serum CBD concentra-

tion and seizure control. The median reported serum 

CBD concentration in the Colorado study was 3.1 ng/mL 

(IQR, 1.9–8.1 ng/mL),15 considerably lower than what we 

found in our 2 cohorts. An open retrospective study of 

37 mixed adult and pediatric patients with standardized 

CBD oil reported a 73% responder rate.16 Overall, our 

data suggest a wide range in reported seizure control 

but a possible trend for better seizure control in patients 

receiving pharmaceutical-CBD. However, there are 

conflicting data in the literature. A meta-analysis of 670 

patients (age, 0.1–31 years) reported that 71% of patients 

using artisanal-CBD reported improvement, compared 

with only 46% using purified CBD.17 All patients in the arti-

sanal group were from 6 retrospective studies (including 

3 with survey-reported data), whereas all patients from 

the purified-CBD group were from prospective studies. 

Regardless, there was no di�erence between groups for 

“reduction of 50% or more in seizure frequency.”17 Our 

finding of no significant di�erence in responder rate is 

consistent with this finding.

This study provides support that pharmaceutical-CBD 

is associated with higher serum CBD concentrations. 

An open-label single center study including 44 pedi-

atric patients with refractory epilepsy found that there 

is a linear dose-response curve of CBD when using 

pharmaceutical-CBD oil. Larger CBD doses directly cor-

related to improved seizure control. Average serum CBD 

concentration in the pediatric subgroup was 115 ng/mL 

(IQR, 54–220 ng/mL) when using a dosage of 20 mg/

kg/day (IQR, 12–25 mg/kg/day),18 similar to the 124 ng/

mL found in the present study.

Some have argued that in patients receiving both 

clobazam and CBD, N-desmethylclobazam may be the 

potential cause of reported adverse e�ects such as 

somnolence.19 We did not find a correlation between 

these concentrations and reported side e�ects.

Our study has limitations. This is a real-world study 

in which artisanal-CBD dosing was solely controlled by 

the caregiver and given at significantly smaller (reported) 

dosages than for the pharmaceutical-CBD group. The 

purpose of this study was to highlight this di�erence 

in dosing due to the real-world scenario in the United 

States where physicians have limited data on which to 

base choice and dosing of artisanal-CBD; moreover, 

there are numerous, non-standardized, unregulated CBD 

formulations that caregivers are giving to their children. 

Future prospective, controlled studies are needed to 

better compare artisanal- and pharmaceutical-CBD. The 

retrospective nature of data collection and the small 

CBD, cannabidiol

Figure 1. Serum cannabidiol concentration as a function of CBD type. Bars indicate individual patient serum 

CBD concentration. The mean CBD concentration is 51 ng/mL (artisanal group) versus 124 ng/mL (pharmaceu-

tical group), p = 0.022.

0

100

200

300

400

500

600

Artisanal Pharmaceutical

S
e
ru
m
 C
B
D
 l
e
v
e
l 
(n
g
/m

L
)

CBD Type

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://m

e
rid

ia
n
.a

lle
n
p
re

s
s
.c

o
m

/jp
p
t/a

rtic
le

-p
d
f/2

7
/6

/5
5
8
/3

1
0
5
4
4
6
/i2

3
3
1
-3

4
8
x
-2

7
-6

-5
5
8
.p

d
f b

y
 g

u
e
s
t o

n
 1

5
 J

a
n
u

a
ry

 2
0
2
4



Variable CBD Dosing Cohen, N et al

562  J Pediatr Pharmacol Ther 2022 Vol. 27 No. 6 www.jppt.org 

number of patients in the artisanal-CBD group limit our 

interpretation of e�cacy, adverse e�ects, and serum 

concentrations. For example, the side e�ects are mostly 

by parental report; it is not possible to assign causality 

to CBD and/or state that this is clearly a dosing e�ect. 

Compliance was assumed and serum CBD concentra-

tions were collected at timing determined by the treating 

physician and were not collected at standardized time 

points. Some patients had incomplete data owing to 

documentation variability, artisanal-CBD concentration, 

and medication changes that were not tracked. We did 

not track medication or other changes in ASMs, which 

could be a source of bias. Furthermore, we did not track 

other metabolic laboratory tests, such as liver function 

tests, or serum concentrations of other ASMs (because 

they are not checked frequently or were unavailable). 

We tracked compliance by confirming reported regular 

use of CBD in the medical record. This study is not ran-

domized and/or controlled, and the sample size is small, 

so there may be other biases or variables at play. We 

note that our patient population is accessing and using 

non-standardized CBD preparations, which makes con-

trolled study di�cult. The dosing and administration of 

non–pharmaceutical-CBD was performed by caregivers.

Conclusion

Our data, which use a real-world population of pharma-

coresistant epilepsy patients, suggest that pharmaceuti-

cal-CBD use is associated with larger CBD weight-based 

dosing and generates higher serum CBD concentrations, 

which may also lead to increased reported adverse ef-

fects. There was no di�erence in seizure frequency be-

tween artisanal- and pharmaceutical-CBD groups. Future 

studies under controlled settings, particularly focused on 

the e�ect of targeted serum CBD concentrations, could 

help to more fully elucidate these findings.
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CBD, cannabidiol; X indicates individual patient with no change (artisanal, n = 3; pharmaceutical, n = 10)

Figure 2. Percentage change in seizure frequency as a function of CBD type. Median no change (artisanal 

group), 50% reduction (pharmaceutical group).
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