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Summary
Objective: To investigate the feasibility, safety, and tolerability of add- on treatment 
of the triglycerides of heptanoate (triheptanoin) vs the triglycerides of octanoate and 
decanoate (medium chain triglycerides [MCTs]) in adults with treatment- refractory 
epilepsy.
Methods: After an 8- week prospective baseline period, people with drug- resistant 
epilepsy were randomized in a double- blind fashion to receive triheptanoin or MCTs. 
Treatment was titrated over 3 weeks to a maximum of 100 mL/d to be distributed 
over 3 meals and mixed into food, followed by 12- week maintenance before taper-
ing. The primary aims were to assess the following: (a) safety by comparing the 
number of intervention- related adverse events with triheptanoin vs MCT treatment 
and (b) adherence, measured as a percentage of the prescribed treatment doses taken.
Results: Thirty- four people were randomized (17 to MCT and 17 to triheptanoin). 
There were no differences regarding (a) the number of participants completing the 
study (11 vs 9 participants), (b) the time until withdrawal, (c) the total number of 
adverse events or those potentially related to treatment, (d) median doses of oils 
taken (59 vs 55 mL/d, P = 0.59), or (e) change in seizure frequency (54% vs 102%, 
P = 0.13). Please note that people with focal unaware seizures were underrepre-
sented in the triheptanoin treatment arm (P = 0.04). The most common adverse 
events were gastrointestinal disturbances (47% and 62.5% of participants). Five peo-
ple taking on average 0.73 mL/kg body weight MCTs (0.64 mL/kg median) and one 
person taking 0.59 mL/kg triheptanoin showed >50% reduction in seizure frequency, 
specifically focal unaware seizures.
Significance: Add- on treatment with MCTs or triheptanoin was feasible, safe, and 
tolerated for 12 weeks in two- thirds of people with treatment- resistant epilepsy. Our 
results indicate a protective effect of MCTs on focal unaware seizures. This warrants 
further study.
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1 |  INTRODUCTION

Epilepsy is characterized by heightened excitability of the 
brain. In addition, glucose metabolism has been shown to be 
reduced in epileptogenic areas in people with epilepsy and in 
animal models.1–6 This may result in local shortages of carbon 
and adenosine triphosphate (ATP), which likely contributes to 
seizure generation. Glucose- derived carbons are metabolized 
to amino acids, lipids, and energy, which are all vital for regu-
lated neuronal signaling. Therefore, alternative sources of car-
bons for the brain, such as medium chain fatty acids or ketone 
bodies, are needed to address reduced glucose metabolism (re-
viewed by Ref. 6,7; Figure 1). Moreover, decreases in brain 
levels of glutamate, glutamine, and malate have been found in 
people with epilepsy and in rodent chronic epilepsy models, 
indicating that the tricarboxylic acid (TCA) cycle is deficient 
of intermediates containing 4 or 5 carbons.8–12 This decreases 
the capacity for TCA cycle flux and subsequent ATP, amino 
acid, and lipid production. Thus, refilling of the pools of C5 
and C4 TCA cycle metabolites (anaplerosis) is also needed.6,12

Few approaches can address these impairments in energy 
metabolism. Ketone bodies are able to supply the majority of 
fuel to the human brain during low- carbohydrate, high- fat keto-
genic diets.13 These diets can be very effective, specifically for 
certain childhood epilepsies14,15 and also for some adults with 
refractory epilepsy (reviewed in Ref. 16, but see Ref. 17). In 
addition, the diets and ketones have a variety of additional bene-
ficial mechanisms, including antioxidant and antiinflammatory 
activities.7,18 Ketogenic diets are not straightforward, especially 
not for adults, with the main problems being compliance and 
body weight loss, which cannot be sustained long term.16,19

Here, we investigated for the first time the safety and toler-
ability of medium chain triglycerides (MCTs, which contain 
triglycerides with octanoate and decanoate) and triheptanoin 
(triglyceride of heptanoate) as add- on treatments, because they 
target the metabolic deficiencies in epilepsy described. MCTs 
and triheptanoin are metabolized to their respective medium 
chain fatty acids in the gastrointestinal tract; these are able 
to diffuse into tissues, and eventually mitochondria, mostly 
without the help of identified transport proteins20 (Figure 1). 
In addition, the liver can produce ketone bodies, such as  
β- hydroxybutyrate, acetoacetate, and acetone, specifically 
when blood glucose levels are low, and the C5 ketone bodies 
β- ketopentanoate and β- hydroxypentanoate from heptanoate. 
All medium chain fatty acids eventually provide acetyl– 
coenzyme A (CoA), providing energy and carbon. In addi-
tion, triheptanoin, heptanoate, and C5 ketone bodies provide 
anaplerotic propionyl- CoA, which can further improve amino 
acid and energy production in vivo and in vitro.6,21–27

Thirty- five percent of energy intake triheptanoin and 
MCTs have shown anticonvulsant, beneficial metabolic 
and antioxidant effects in several epilepsy models.10,25–30 
Triheptanoin has been used in various metabolic disorders at 

the same or similar doses31,32 in glucose transporter 1 defi-
ciency33–35 and in children with epilepsy.36 MCTs have been 
used for a long time to treat long- chain fatty acid oxidation 
disorders and in the context of ketogenic diets.30,37 When 
glucose is low, MCTs are highly ketogenic and can help to 
provide seizure control.37–39 Without restrictions in carbohy-
drates, ketone levels remain low.25 Both octanoate and deca-
noate are fuels for cultured brain- derived cells,25,40 whereas 
octanoate has been shown to enter the brain and to be used as 
a fuel in the brain, largely by astrocytes.41,42

Here we tested to see if adding triheptanoin or MCTs to 
a regular diet is feasible, safe, and tolerated in adults with 
medically refractory epilepsy. Patients were advised to mix 
the treatments with food and to reduce energy intake of reg-
ular foods (but no specific types of macronutrients) to avoid 
gastrointestinal problems and excess energy intake.

2 |  METHODS

2.1 | Classification of evidence

We sought to investigate whether MCTs or triheptanoin are 
safe and tolerated as an add- on therapies in people with drug- 
resistant epilepsy. The evidence generated from this trial is 
classified as class II, because of the relatively small subject 
numbers.

2.2 | Standard protocol approvals, 
registrations, and patient consents
We confirm that we have read the Journal's position on issues 
involved in ethical publication and affirm that this report is 
consistent with those guidelines. Ethics approval was granted 

Key Points

• MCTs and triheptanoin add-on treatment  
(45-75 mL/d, interquartile range [IQR]) was toler-
ated in about two-thirds of adults with refractory 
epilepsy

• Adverse effects consisted mostly of nonserious 
gastrointestinal problems, but not neurocognitive 
effects, except for headaches

• Five people taking MCTs (mean daily intake 
0.73 mL/kg body weight), all with focal unaware 
seizures, had >50% reduction in seizure 
frequency

• Further trials are suggested to focus on long-term 
safety, tolerability, and body weight control and 
improved treatment formulations
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by the Human Research and Ethics Committees of Melbourne 
Health and the University of Queensland. Written informed 
consent was provided by all participants or their legal guard-
ians, prior to any study procedures being undertaken. The 
trial was registered with the Australian New Zealand Clinical 
Trials Registry (registry no: ACTRN12612000226808). The 
trial protocol can be found in the supplementary files.

2.3 | Organization of study
The study was a single- center, double- blind, comparative 
randomized controlled trial. The study was conducted from 
2014 to 2016 at the Royal Melbourne Hospital and was mon-
itored for safety, data collection, and integrity by an inde-
pendent clinical research organization (CRO), Neuroscience 
Trials Australia Inc. The CRO used computer- generated ran-
dom numbers to randomize the 2 treatments (labeled with 

participant numbers and recording glass container numbers), 
which were then given to the hospital's pharmacy to supply 
the investigational treatments to the participants. Everyone 
else involved in the trial was blinded until after the statistical 
analysis.

2.4 | Participants
Male or female subjects (≥12- years- old) with epilepsy who 
experienced at least 2 seizures of an eligible type per 28 days 
over 2 months before enrollment despite treatment with at 
least one antiseizure drug at clinically appropriate doses were 
eligible. Eligible seizure types included focal unaware, focal to 
bilateral tonic seizures, focal aware motor, generalized tonic, 
tonic, and atonic seizures.43 Exclusion criteria were eating and 
psychiatric disorders, substance abuse, currently on ketogenic 
diet, nonepileptic seizures, changes of antiseizure medication 
1 month before trial, pregnancy, and breastfeeding.

After enrollment by a nurse, participants underwent an 
8- week baseline period during which they completed a pro-
spective seizure diary. People who had experienced an av-
erage of 2 seizures per month (excluding seizures without 
motor features) during the 8- week baseline period and were 
screened negative for disorders affecting medium and short 
chain fatty acid oxidation were randomized to treatment.

2.5 | Study intervention
Participants were randomized 1:1 by the CRO using computer- 
generated random numbers to receive either add- on MCTs 
containing the triglycerides of octanoate (55%) and decanoate 
(45%, Stepan Lipid Nutrition, IL) or triheptanoin (>98.9%, 
Stepan Lipid Nutrition), both in oil form. The treatments were 
indistinguishable, as they were both clear and tasteless. After 
dietitian counseling, patients were given a titration scheme 
to increase their treatment dose over a period of 3 weeks to 
35% of energy intake (based on 4- day food diaries) or maxi-
mum 100 mL, or in the case of gastrointestinal disturbances, 
to their maximal tolerated daily dose. Participants reported all 
treatment doses taken in their treatment diaries and brought 
remaining treatments and empty containers back to the clinic 
for checking by the trial research coordinators, as is standard 
practice for clinical trials. The treatment period consisted of 
the on- titration phase and 12- week maintenance phase. Then, 
participants titrated off their treatments for 3 weeks and re-
mained off the treatment for 4 weeks, until the last visit.

2.6 | Outcome measures
The study's primary prespecified endpoints were the follow-
ing: (a) safety, measured as the number of and proportion 
of patients with adverse events that are possibly, probably, 
or definitely causally related to study intervention over the 

F I G U R E  1  Schematic of the proposed biochemical effects of 
medium chain triglycerides (MCTs) and triheptanoin in epilepsy. 
Glucose is typically the main fuel for brain cells and is oxidized by 
the tricarboxylic acid (TCA) cycle producing most of the adenosine 
triphosphate (ATP) during aerobic metabolism, and lipids and amino 
acids, such as aspartate and glutamate. The red double lines indicate 
that in many epilepsy types there is evidence for impaired glucose 
metabolism, which is likely to result in local shortages of ATP as well 
as carbons to produce lipids and amino acids. This may contribute 
dysregulation of neuronal signaling and subsequent seizure generation. 
Alternative sources of carbons for the brain can be provided by C3/4 
ketone bodies, which are produced when carbohydrates and calories 
are restricted. Another carbon source are medium chain fatty acids, 
such as octanoate and decanoate as well as heptanoate. Octanoate 
and decanoate can be provided via MCTs and heptanoate from 
triheptanoin, and all can directly produce acetyl- CoA (coenzyme A). 
In addition, heptanoate can be metabolized by the liver to C5 ketones. 
Both heptanoate and C5 ketones are also metabolized to propionyl- 
CoA which after carboxylation refills the C4 intermediate pool of 
the TCA cycle as succinyl- CoA (anaplerosis). This is important to 
compensate for the loss of carbons from the TCA cycle for production 
of lipids and amino acids and to continue efficient TCA cycling
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18- week treatment period; and (b) adherence, measured as 
percentage of the prescribed treatment dose reported to be 
taken over the 12- week maintenance phase.

Secondary prespecified endpoints for the study in-
cluded (a) seizure frequency over the 12- week full- dose 
treatment period as compared to the baseline period, and 
(b) responder rate measured as the proportion of patients 
who show ≥50% improvement in seizure frequency over 
the 12- week full- dose treatment period as compared to 
during the baseline period.

2.7 | Study procedures
After signing the informed consent, participants had a base-
line medical history taken, a physical examination, and an 
evaluation of inclusion and exclusion criteria. Blood and 
urine samples were obtained. Blood was analyzed for serum 
chemistry, cell counts, lipid profiles, and when applicable, 
the levels of valproate, carbamazepine, and phenytoin were 
monitored by the hospital's central laboratory. These evalu-
ations were repeated at all hospital visits before and after 
treatment and every 4 weeks during treatment (Figure 2A). 
To exclude metabolic abnormalities, blood spots and urine 
were analyzed by mass spectroscopy at the first visit and 

throughout the study for blood acylcarnitines and urine or-
ganic acids. Participants were instructed on the keeping of 
daily seizure diaries and 4- day food diaries and were not 
allowed to change their antiseizure medications during the 
study period. At all visits, a dietitian counseled patients in-
dividually on healthy eating. Based on food diaries from the 
participants at visits 2, 3, and 6, the dietitian provided treat-
ment plans with the doses of treatment to be taken during 3 
daily meals. She advised participants to mix the treatments 
with foods, suggested suitable food options, and assisted par-
ticipants in finding their maximal tolerated doses. In addi-
tion, she provided advice on how to optimize the remaining 
diet for adequate nutrition and minimization of gastrointesti-
nal side effects or body weight changes. Energy intake was 
calculated from food diaries provided using Foodworks 7 
(Xyris Software, Queensland, Australia). Before the treat-
ment and after the maintenance phase, on visits 2 and 6, 
participants filled out questionnaires, including the Quality 
of Life in Epilepsy Inventory-89 (QOLIE- 89)44,45 and the 
Hospital Anxiety and Depression Scale (HADS),45 as well 
as the Liverpool Adverse Events Profile (LAEP).46 Adverse 
events were noted throughout the study and assessed regard-
ing causality to treatment. All severe adverse events (SAEs) 
were reviewed by the study CRO. Both the site investigator 

F I G U R E  2  Diagrams specifying the 
trial design (A) and flow diagram indicating 
the number of people with refractory 
epilepsy from screening to study completion 
(B). A, Clinic visits are indicated as 
triangles on the weekly time line. After an 8- 
week baseline period, the on- titration period 
for MCTs or triheptanoin add- on treatment 
was 3 weeks until maximal tolerated dose 
was reached and was maintained for the 
12- week maintenance phase. Thereafter, 
add- on treatment was titrated off for 3 weeks 
and followed by a 4- week period without 
add- on treatment. B, The diagram shows the 
number of participants analyzed for primary 
and secondary outcomes and reasons for 
withdrawal from the study. MCT, medium 
chain triglyceride
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and the sponsor of the study (University of Queensland) as-
sessed the potential relationship between SAEs and study 
drug but remained blinded to treatment assignment.

2.8 | Sample size and statistical analysis
The original study design planned to enroll and randomize 
60 people with treatment- resistant epilepsy (≥12- years- old) 
to MCTs vs triheptanoin, 30 in each treatment arm from 4 
Melbourne hospitals (based on assuming Poisson distribution 
for adverse events and using Monte Carlo simulation by a com-
mercial statistician). Due to funding shortage, patients were only 
recruited at The Royal Melbourne Hospital and the study ended 
early with 34 randomized participants (Figure 2B). Safety was 
assessed among all randomized participants. Adherence and 
secondary endpoints were assessed in the participants with epi-
lepsy who completed the full treatment period (Figure 2B). To 
compare for differences in proportions regarding the number of 
patients completing the trial or showing changes in seizure fre-
quency we used Fisher exact tests. To compare time until drop-
out we used a log rank test. All other statistical comparisons 
were performed using Mann- Whitney tests. We used GraphPad 
Prism, version 7.0 (GraphPad Software, CA) and IBM SPSS 
Statistics (Java Console, version 25, Armonk, NY) for analysis, 
with P < 0.05 regarded as significant.

2.9 | Data availability policy
The lead author has access to all data, which will be made 
available on request. The study protocol can be found in the 
supplementary files.

3 |  RESULTS

3.1 | Patient cohort, maximal tolerated dose, 
and compliance
Figure 2B shows the participant flow. Seventeen people with 
epilepsy were randomized to each of the 2 treatments. One in-
dividual in the triheptanoin group was later diagnosed to have 
psychogenic nonepileptic seizures and was excluded from 
analysis. The characteristics of the participant population in-
cluded, randomized, and analyzed are shown in Table 1. The 
groups were similar in most characteristics, except that there 
were fewer people with focal unaware seizures in the trihep-
tanoin than in the MCT treatment arm (P = 0.04).

There were no statistically significant differences between 
the 2 groups in the proportion of participants completing the 
study (65% and 56%, respectively, P = 0.73, Table 2) and the 
time until drop out (P = 0.70, Figure S1A). The reasons for 
withdrawal were nonserious adverse events: gastrointestinal 
effects in 4 vs 5 participants in the MCT vs triheptanoin treat-
ment group, increases in seizure activities in 2 people in each 

group, withdrawn consent by 2 participants in the MCT group, 
and increased aggression in one person in the triheptanoin 
group. Adherence to treatment was measured by the doses 
taken as reported by participants in treatment diaries relative 
to the dose prescribed and was similar for both treatment 
groups (P = 0.33), as was the volume of treatment (P = 0.59) 

T A B L E  1  Demographics and characteristics

MCT  
(n = 17)

Triheptanoin 
(n = 16)

Age (y), mean (SD) 38.7 (13.5) 39.1 (10.4)

Gender

Female, n (%) 8 (47%) 8 (50%)

Male, n (%) 9 (53%) 8 (50%)

Body weight (kg), 
mean (SD)

78.7 (15.3) 82.9 (24.5)

Body mass index, 
mean (SD)

27.6 (5.3) 28.7 (6.6)

Baseline energy intake 
(kcal), mean (SD)

1908 (698) 1695 (528)

Epilepsy etiology, n (%)

Temporal 11 (65%) 7 (44%)

Extra temporal or 
unknown

7 (41%) 9 (56%)

Seizure types, n (%)

Focal unaware 16 (94%) 10 (62.5%)*

Focal to bilateral 
tonic clonic

10 (59%) 4 (25%)

Focal aware motor 4 (23.5%) 7 (44%)

Generalized 
tonic- clonic

1 (5.9%) 1 (6%)

Prior neurologic surgery, n (%)

None 11 (64.7%) 10 (62.5%)

1 4 (23.5%) 3 (18.8%)

2 1 (5.9%) 2 (12.5%)

4 0 (0%) 1 (6.3%)

6 1 (5.9%) 0 (0%)

Number of concomitant AEDs, n (%)

2 3 (17.7%) 3 (18.8%)

3 7 (41.2%) 6 (37.5%)

4 7 (41.2%) 6 (37.5%)

6 0 (0%) 1 (6.3%)

Seizures per 28 d, 
median (IQR)

12.4 (3.92, 44.4) 5 (3.6, 17.6)

MCT, medium chain triglycerides; SD, standard deviation; AED, antiepileptic 
drug; IQR, interquartile range.
The characteristics of the 2 groups were compared using Fisher exact tests regard-
ing seizure types and using a Mann- Whitney test regarding seizure frequency.
*P = 0.039. 
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and dose relative to body weight (P = 0.13, Table 2). The 
maximum tolerated dose varied largely between participants 
from 30- 88 mL of MCTs per day (median 59 mL, 0.83 mL 
MCT/kg body weight) and 20- 85 mL triheptanoin (median 
55 mL, 0.59 mL/kg, Table 2).

3.2 | Adverse events and body weight 
changes during treatment
All blood tests, including lipid profiles, showed no clini-
cally significant changes. The proportion of people with 
adverse events was similar among the 2 treatment groups 
(P = 0.22, Table 2). This includes 2 people in each group 
with SAEs, namely, increases in seizure activity that re-
sulted in hospitalization. In addition, the total number of 
adverse events in all participants who were being treated 
was similar with MCTs and triheptanoin (37 and 38 events, 
respectively, Table 2). The adverse effects that were de-
termined possibly, probably, or definitely to be causally 
related are listed in Table 3 together with the number of 
patients affected. The types of adverse events were similar 
with both treatments and most common effects were diar-
rhea, stomach cramps, or abdominal pain, which resolved. 

The intensity of the side effects was largely mild and was 
similar among treatments.

Seven and 6 people were overweight or obese at baseline 
and were then randomized to MCTs and triheptanoin treat-
ments groups, respectively. No differences were observed be-
tween the 2 treatments regarding the changes in body weights 
(Table 2, P = 0.83; Figure S1B). A median weight gain of 
2- 2.25 kg during the treatment phase of 12 weeks was ob-
served in both groups (Figure S1B). In 2 people taking MCTs 
and one person taking triheptanoin, body weight increased by 
>5%, but body mass index (BMI) remained normal. At visit 
7, 4 weeks after off titration, only one person treated with 
triheptanoin showed >5% increase in body weight relative 
to baseline while keeping a normal BMI. Changes in body 
weight gain did not correlate with the treatment dose taken 
during the treatment Phase (P = 0.72 and P = 0.59), and they 
did not match with reported changes in energy intake or age.

Liverpool Adverse Events Profile (LAEP) scores before and 
at the end of treatment remained largely similar (P = 0.57 and 
P = 0.08, Table 2). With MCT treatment, several people re-
ported within the LAEP on visit 4 decreased tiredness (5 partic-
ipants), less hair loss (5), better concentration (4), and increased 
weight gain (6). With triheptanoin treatment, participants noted 

MCT Triheptanoin P- value

Proportion of patients completing 
trial

11/17 (64.7%) 9/16 (56.3%) 0.73

Proportion of patients with adverse 
events

11/17 (64.7%) 14/16 (87.5%) 0.22

Total number of adverse events* 
(number of subjects)

37 (n = 17) 38 (n = 16)

Patients who completed trial n = 11 n = 9

Treatment doses taken during treatment period (v3- v6; median, IQR)

% of prescribed dose 99.4 (96, 100) 97.6 (76, 99.8) 0.33

Volume of treatment/day (mL) 59 (50, 74) 55 (39, 69) 0.4

Treatment dose/body weight  
(mL/kg)

0.83 (0.62, 0.99) 0.59 (0.46, 0.78) 0.09

Changes in body weight from v2 to 
v6 (kg)

2.25 (0.38, 3.55) 2.00 (−0.08, 3.8) 0.83

LAEP scores before treatment on v2 45 (38, 52) 47 (38.5, 55.5)

LAEP score after treatment on v6 45 (36, 78) 55 (43, 60)

P- value (change in LAEP score) 0.57 0.08

Percentage (median, IQR) of baseline 
seizures during treatment period 
(95% CIs)

54 (40, 102) 
(36, 109)

102 (75, 165) 
(71, 157)

0.13

Number of people with >50% seizure 
reduction

5 (45%) 1 (11%) 0.16

MCT, medium chain triglyceride; LAEP, Liverpool Adverse Events Profile; IQR, interquartile range; CI, confi-
dence interval.
A Fisher exact was used to compare proportions, all other comparisons between the 2 treatments were evaluated 
using Mann- Whitney tests. *Please see Table 3 for  adverse events.

T A B L E  2  General treatment effects
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in the LAEP that they felt more tired (4 patients), had more hair 
loss (4), skin rash (5), worsened vision (4), diarrhea (4), weight 
gain (4), and gum problems (3). Only one of the persons report-
ing gum problems was taking phenytoin.

3.3 | Seizures
The study was terminated early and therefore not designed 
to find differences between antiseizure effects of the 2 treat-
ments, hence only descriptive analysis was performed.

There were no differences regarding the changes in seizure 
frequency between the 2 treatment arms (Table 2, P = 0.13). 
The group taking MCTs had a median of 54% baseline sei-
zure frequency (40%, 102% interquartile range [IQR]), 
whereas the triheptanoin- treated group showed no change 
with a median of 102% of baseline seizure frequency (75%, 
165% IQR, Table 2). Two participants experienced doubling 
of their seizures, namely, a participant with epilepsy follow-
ing viral encephalitis taking MCTs and a person with ventric-
ular heterotopia in the triheptanoin treatment arm (Figure 3).

With MCT treatment, 5 of 11 treated participants (45%) 
while taking on average 0.73 mL/kg (0.64 mL/kg median) 

showed >50% reduction in seizure frequency, specifically 
focal unaware seizures. During treatment with 0.63 mL/
kg MCT another person showed 46% reduction in seizure 
frequency (Figure 3A). Of 6 persons with >40% decrease 
in seizure numbers during MCT treatment, 5 showed in-
creases in seizures after the treatments were tapered off 
(Figure 3A). In the triheptanoin group, only 1 of 9 partic-
ipants showed >50% fewer seizures while being treated 
with 0.59 mL/kg (Figure 3B).

Specifically, the numbers of focal unaware seizures were 
reduced in people treated with MCTs or triheptanoin.

3.4 | Dose vs antiseizure effects
In the people with seizure control, the effective triheptanoin 
dose was 55 mL (0.59 mL/kg) and the MCT dose varied be-
tween 47 and 65 mL per day over the treatment phase (0.56- 
0.99 mL/kg range, 0.51- 0.95 mL/kg CI, average 27% of 
energy intake, Figure S1C,D). There were no correlations of 
seizure control with the dose taken (Figure S1C) or relative 
energy intake of treatment (data not shown).

The changes in the QOLIE- 89 scores after treatment rela-
tive to those at baseline visit were similar between treatments 
(P = 0.6, Mann- Whitney test, n = 9- 10). Too few participants 
completed the HADS.

3.5 | Changes in macronutrient intake
Macronutrient distributions are shown in Figure S1D. During 
baseline, people claimed to consume on average 34% of daily 
calories as fat, 45% carbohydrates, and 21% protein (n = 21). 
The people who showed seizure reductions reported on 

T A B L E  3  Number of patients with adverse events considered 
related to treatment

MCT  
(n = 17 patients)

Triheptanoin 
(n = 16 patients)

Diarrhoea 5 (29%) 8 (50%)

Stomach cramps, 
abdominal pain

4 (24%) 1 (6%)

Constipation 2 (12%) 1 (6%)

Bloating, flatulence 0 2 (13%)

Headache 2 (12%) 0

Nausea 1 (6%) 0

Decreased appetite 0 1 (6%)

Oily forehead & acne 
on waist/legs

0 1 (6%)

Disturbed sleep 
pattern

1 (6%) 0

Lethargy 1 (6%) 0

Overheated/pale/tired 1 (6%) 0

Increased aggression 0 1 (6%)

Sum 17 18

MCT, medium chain triglyceride.
Adverse events considered possibly, probably, or definitely related to treatment 
are included. The intensity of the side effects was similar among treatments and 
was largely mild.
Adverse events deemed not causally related to MCT treatment were gastritis, shin-
gles, sinus infection, calf hardness, bladder infection and viral illness (fatigue), a 
fall with head strike, and increased seizure activity. With triheptanoin, participants 
showed joint pain with viral illness, lateral epicondylitis, impacted wisdom teeth, 
fractured right clavicle with scraped right knee and knuckles, back pain, increased 
seizure activity, and in one participant flu, renal cyst, and left upper quadrant pain.

F I G U R E  3  A, B Seizure frequencies (number of seizures/28 d) 
during baseline, full- dose treatment, and posttreatment phases are 
shown for people taking MCTs (A) vs triheptanoin (B). The black 
triangles indicate seizure frequencies from participants with treatment 
efficacy, as defined by >50% of reduction in seizure frequencies 
during the treatment phase. MCT, medium chain triglyceride
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average 27% energy intake from MCT treatment (n = 5 total, 
between 19% and 42% MCT). The other macronutrients 
consisted of 25% fat, 31% carbohydrates, and 17% protein 
(n = 5).

4 |  DISCUSSION

The present study represents one of the few randomized 
controlled trials of metabolic treatments in adults with 
medically refractory epilepsy. The main findings of this 
study were the following. (a) A total of 56%- 65% adults 
were able to tolerate an addition of MCTs (median 59 mL) 
or triheptanoin (median 55 mL) to their food throughout 
the day for the 3- month duration of the treatment period. 
There were rare central nervous system (CNS) side effects 
and no SAEs that were thought to be causally related to 
the treatment. The main side effects were diarrhea and 
abdominal pain. Body weight changes were not of clini-
cal significance. (b) Although the study was not powered 
to determine efficacy, 5 of 11 participants (45%) showed 
>50% reductions in seizure frequency during MCT treat-
ment. Only 1 participant of 10 showed fewer seizures 
while treated with triheptanoin. All of these participants 
showing reduction in seizure frequency had focal unaware 
seizures. In each treatment arm one person showed dou-
bling of seizures.

4.1 | Feasibility
The study showed that adults with epilepsy tolerate add- on 
MCTs or triheptanoin with relatively minor gastrointestinal 
effects and that these metabolic treatments can be followed. 
This is very important, as it opens up new possible treatment 
options for this population. So far, ketogenic diets as well as 
modified Atkins diets and the Low Glycemic Index diet have 
been the only accepted metabolic treatment options for epi-
lepsy. These treatments have been shown to be effective in 
children and there are very few studies in adults.16 In general, 
adults have difficulties adhering to the very strict versions of 
the diet and it can be unsustainable long term.16 The current 
diets used for epilepsy treatment are restrictive regarding the 
amounts of carbohydrates or the nature of the carbohydrates 
and can have higher costs. In contrast, add- on MCT or tri-
heptanoin treatment allows the patient to choose more freely 
what to eat, which is more similar to a drug than a dietary 
treatment.

4.2 | Adverse events, side effects, and 
management thereof
The adverse events reported were largely as expected from 
other trials of triheptanoin or knowledge about the physiologic 

effects of pure triglycerides of medium chain fats.31,47 The 
gastrointestinal effects could be limited by slowly introduc-
ing patients to the treatments and emulsifying the pure treat-
ments with foods. Reducing portion sizes during meals and 
long chain fats may also improve tolerance of the treatment.

Unfortunately, 2 of the participants showed doubling in 
seizure frequencies and 2 others were hospitalized because 
of severe seizures. These events were carefully investigated 
and it was decided that causality is not possible to determine. 
Although it is possible that this could represent seizure ag-
gravation, the study population was a group of patients with 
severe drug- resistant epilepsy with frequent seizures. It can 
be expected that some of these patients may have an increase 
in their seizure frequency through the natural fluctuations 
that occur—including some that would require hospital ad-
missions. It is very important to further collect data on such 
events in future potential trials and the community. Doctors 
need to get informed regarding use of MCTs and “ketogenic” 
diets, which are becoming very popular. MCTs in various 
forms are increasingly available in pure forms from health 
food stores and are hidden in many food products marketed 
for sports, weight loss, and well- being.

We were aware that body weight gain would most likely 
be an issue, which we tried to avoid with mandatory dietitian 
counseling. The fact that the majority of patients, who were 
already overweight or obese, had gained >2 kg weight during 
12 weeks is of concern. Strategies to avoid weight gain need 
to be developed if these treatments are to have widespread 
use in clinical practice. On the other hand, weight gain in 
newly treated patients is a side effect of several commonly 
used drugs, such as valproate.

4.3 | Limitations, generalizability, 
interpretation of anti- seizure effects, and 
future directions
The data regarding effects on seizures of the dietary supple-
ments are preliminary and we did not target a specific type 
of seizure or epilepsy. The seizure frequency reductions in 5 
of 11 participants treated with MCTs was encouraging, and, 
if confirmed, is comparable to other types of diets. Several 
studies with ketogenic diet or modified Atkin's diets have 
found similar antiseizure effects in children14,15 and often 
adults16 (although not consistently17).

Our study indicates that specifically focal unaware sei-
zures were responsive to MCT treatment.

Please note that in the triheptanoin treatment arm there 
were significantly fewer participants with focal unaware sei-
zures (P = 0.039), which may be a potential reason for lack 
of efficacy in this study. An earlier open- label study using 
pharmaceutical grade triheptanoin showed effects against 
various seizure types in 5 of 8 children who tolerated the 
add- on treatment.36
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Larger placebo- controlled studies are necessary to con-
firm these antiseizure effects in adults and children and we 
propose to first focus on adults with focal unaware seizures. 
One main methodologic difficulty is the limited choices for 
placebos. Most natural fats contain polyunsaturated fats, 
which may have antiseizure effects. Therefore, triglycerides 
with pure defined saturated long chain fatty acids would be 
needed. On the other hand, any addition of extra calories will 
change macronutrient composition and can therefore affect 
the metabolism of the body and brain. For example, addition 
of fats is likely to slow the uptake of carbohydrates and in-
sulin release. Another desirable way forward would be to use 
powders of MCTs or triheptanoin with largely calorie- free 
carriers, such as fiber or silica. The pure carriers may be used 
as placebo in future trials.

4.4 | Comparison to ketogenic diet
Our results from this small trial are similar to those found 
by a recent meta- analysis of ketogenic and modified Atkins 
diets in adults with epilepsy in terms of completion rates. The 
meta- analysis critically evaluated 16 prospective open- label 
studies with a total of 338 patients showing 62% comple-
tion on average in all studies, whereas 56% of 76 patients 
completed the 5 pure ketogenic diet studies. An average of 
53% of people completing the ketogenic and Atkins diet stud-
ies showed >50% (95% confidence interval [CI] 0.42- 0.63) 
and 13% (95% CI 0.01- 0.25) >>90% reduction in seizure 
frequencies.16 Thus, in our small blinded study, the efficacy 
of the MCT treatment regarding >50% of seizure reduction 
(45%) is within the CIs of the ketogenic and Atkins diets’ 
effects. The adverse effects of MCTs were mostly different 
from those found in the ketogenic and modified Atkins diet 
studies, in which many adults experienced, often intended, 
weight loss and dyslipidemia.16 Please note that the MCT 
treatment here is not considered ketogenic, as we did not find 
any elevations of ketone levels in serum samples (data not 
shown). The (ketogenic) MCT treatment developed by the 
John Radcliffe hospital required 30% of MCTs and 30% long 
chain fats.39

5 |  CONCLUSION

This is the first randomized controlled trial of add- on MCTs 
vs triheptanoin treatment for drug- resistant epilepsy in 
adults. The results show that both treatments are tolerated 
in this population. Gastrointestinal adverse effects were the 
most common treatment- related events observed and could 
be mitigated by adding MCTs or triheptanoin to food. Larger 
double- blind placebo- controlled studies in adults and chil-
dren are necessary to assess if seizures can be reduced with 
MCTs or triheptanoin.
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