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1   |   ILAE LEARNING OBJECTIVE

1.1  |  Demonstrate knowledge of 
indications, limitations, and risks for 
ketogenic diet

•	 The reader will understand the current list of indica-
tions (and contraindications) for ketogenic diet therapy 
(KDT) from the 2018 consensus guideline.

•	 The reader will realize the situations in which KDT 
could be used first-line or in an emergency situation.

•	 The reader will be able to list the common and rare side 
effects of KDT.

1.2  |  What is the ketogenic diet?

The classic ketogenic diet was created at the Mayo Clinic 
in 1921 as a form of antiseizure therapy in children and 
adults. Today, the ketogenic diet is one of the four major 
pillars of antiseizure therapies along with antiseizure med-
ications, epilepsy surgery, and neuromodulation. While 
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Abstract
In 1921, the classic ketogenic diet was created at the Mayo Clinic in Rochester, 
Minnesota to treat epilepsy in children and adults. Over a century later, it is a widely 
used, standard-of-care therapy for typically treatment-resistant epilepsy worldwide. 
There are currently five versions of ketogenic diet therapy that can be started either 
in or out of the hospital setting. It is overall effective in approximately half of chil-
dren started, usually within a few months. Established indications for ketogenic 
diet therapy exist, in which this treatment may potentially even be more advanta-
geous than antiseizure medications. Some of these indications include Glut1 defi-
ciency, pyruvate dehydrogenase deficiency, infantile epileptic spasms syndrome, 
epilepsy with myoclonic-atonic seizures, and formula-fed children. Although most 
children are also receiving antiseizure medications with ketogenic diet therapy, its 
use may lead to medication reduction or withdrawal in some cases, and improve-
ment in cognition and quality of life. Supplements are begun when ketogenic diet 
therapy is initiated in order to prevent common side effects, including constipa-
tion, kidney stones, growth disturbance, and dyslipidemia. Typically, after 2 years 
in most children, ketogenic diet therapy is discontinued gradually.
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the classic ketogenic diet is effective, to maximize tolerabil-
ity several “alternative” dietary therapies have been formu-
lated, including the medium-chain triglyceride (MCT) diet, 
low glycemic index treatment (LGIT), modified ketogenic 
diet (UK), and modified Atkins diet (MAD).

1.2.1  |  Classic ketogenic diet

The classic ketogenic diet is a high fat, adequate protein, 
low carbohydrate diet. The diet is implemented using a 
specific ratio of fats to carbohydrates and proteins com-
bined. A 4:1 ratio is typically used in most cases.1 A lower 
ketogenic ratio of 3:1 is used among infants, adolescents, 
and to assist with improved tolerability.1 In a randomized 
control trial of 76 children with drug resistant epilepsy, 
the efficacy and tolerability of a classic 4:1 diet was com-
pared to 3:1 diet. Fifty-five percent of children on the 4:1 
ratio were seizure free, in comparison with 30.5% of chil-
dren on 3:1 ratio (p < .05).2 Additionally, 10/12 (83%) of 
patients who were not seizure free on a ratio of 3:1 showed 
increased seizure reduction after changing to 4:1 ratio.2 
The diet was better tolerated in children on 3:1 as com-
pared to 4:1 diet with 35% on a 4:1 KD reporting gastroin-
testinal intolerance, as opposed to 14% on 3:1.2

1.2.2  |  Medium-chain triglyceride diet

The MCT diet is an alternative form of ketogenic dietary 
therapy created in the 1970s. While the main source of 
fat in the classic ketogenic diet is long-chain triglycer-
ides, the MCT diet utilizes more medium-chain triglyc-
erides. Since MCTs provide more ketones per kilocalorie 
of energy in comparison with long-chain triglycerides, 
this permits an increase in the amount of carbohy-
drates, thus improving tolerability of a ketogenic dietary 
therapy. In a randomized control trial including 145 
children with drug resistant epilepsy to receive either 
the MCT or CKD, there was no significant differences 
between the groups in numbers achieving greater than 
50% or 90% seizure reduction.3 The MCT diet is more 
commonly used in Canada and the United Kingdom, 
but other centers have implemented it as a way to allow 
for more carbohydrates. MCT fats may have advantages 
in regard to less risk of hypercholesterolemia and con-
stipation (as they can be laxative).

1.2.3  |  Low glycemic index treatment

The LGIT is an alternate version to the classic ketogenic diet, 
created at the Massachusetts General Hospital to optimize 

tolerability by permitting the use of more carbohydrates, 
with the permitted carbohydrates having a low glycemic 
index (typically <50). Children on this diet have very low 
to absent levels of ketosis. Among 76 patients who were 
on LGIT, greater than 50% seizure reduction was noted in 
54% and 66% of patients at 6 and 12 months, respectively.4 
Notably, only three patients reported side effects of transient 
lethargy in this cohort.4 It has been reported as highly ef-
fective particularly for children with Angelman syndrome.5

1.2.4  |  Modified Atkins diet

This form of ketogenic diet therapy has been in use for over 
two decades and was created by our center (Johns Hopkins 
Hospital). While there are many similarities with the Atkins 
diet, the term “modified” was intentionally included in the 
title of this therapy at its inception in 2006 to distinguish 
it from the Atkins diet in regard to the lower carbohydrate 
limit (10–20 g/day), high fat intake, and the goal of seizure 

Key points

•	 The ketogenic diet is a nonpharmacologic ther-
apy for the treatment of pediatric epilepsy with 
more than 100 years of usage.

•	 There are five ketogenic diets: classic ketogenic 
diet, modified Atkins diet, medium-chain tri-
glyceride diet, modified ketogenic diet (UK), 
and low glycemic index treatment.

•	 Indications exist and include several epi-
lepsy syndromes including Glut1 deficiency 
syndrome, Dravet syndrome, epilepsy with 
myoclonic-atonic seizures, infantile spasms 
and more.

•	 Diet therapy is being increasingly used for 
super-refractory status epilepticus.

•	 Ketogenic diets need to be started with a neu-
rologist and dietitian's supervision.

•	 Initiation can be done as an inpatient or outpa-
tient, with or without a fasting period, quickly 
or slowly.

•	 Supplements including vitamins, calcium, and 
minerals can prevent adverse effects.

•	 Side effects exist including constipation, gas-
troesophageal reflux, kidney stones, dyslipi-
demia, and growth disturbance.

•	 Diet therapy is used for at least 3 months ide-
ally, and often discontinued after 2 years.

•	 Diet therapy can be retried a second time after 
years if clinically appropriate.
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control (as opposed to weight loss).6 MAD is a high fat, low 
carbohydrate form of dietary therapy that provides approxi-
mately a 1:1 or 2:1 ketogenic ratio.1 Due to significant day 
to day variability, a ketogenic ratio is not tabulated in pa-
tients on this diet and foods are not calculated and meas-
ured using a gram scale as with the classic ketogenic diet. 
Carbohydrates are restricted to 20 grams/day, proteins are 
not measured, and fats are strongly encouraged.7 Early ef-
ficacy trials showed 65% patients had >50% seizure reduc-
tion, with 35% having >90% seizure reduction.8 Randomized 
controlled trials comparing MAD with antiseizure medica-
tions found >50% seizure reduction in 52% of patients on 
MAD, in comparison with 11.5% on medications.9 Sharma 
et al. also conducted a study “simplifying” the MAD for use 
among families with a low literacy level in India.10 The pro-
cess of “simplification” included transitioning from using a 
gram scale to using standardized measuring equipment and 
changes in recipe designs. In this cohort, there was >50% 
seizure reduction in 56% of patients, compared to 7.5% with 
ongoing antiseizure medication therapy.10 The ability to 
start this diet as an outpatient, relative flexibility, and fewer 
adverse effects make this a potential diet therapy of choice 
for adolescents and adults.6

1.2.5  |  Modified ketogenic diet (UK)

MKD is the most recent alternative diet, utilizing many 
of the principles of the MAD but using weighed portions 
and household measures to calculate a diet prescription.11 
With MKD, fats provide approximately 75% of energy, 
protein 20%, while carbohydrates account for 5% (approxi-
mately 15-30 g). MKD can be initiated without a fasting 
period and can be started as an outpatient, similar to the 
MAD and LGIT.11 To date, there are no specific efficacy 
studies for this diet therapy.

2   |   PATIENT SELECTION

Ketogenic diet therapies can effectively treat epilepsy in 
patients from infancy through adulthood. The ketogenic 
diet was initially avoided in children under 2 years of age 
for many decades, in view of this time period being crucial 
to development, infants not being thought to achieve keto-
sis, and perceived high risk of nutritional inadequacies.12 
However several studies have revealed that it is safe to use 
in this cohort.12–14 Adolescents and adults can also go on 
ketogenic diet therapy, typically with the MAD, MKD, 
or LGIT.15,16 The diet is effective for all seizure types and 
genders as well. In the next section, we will discuss how 
specific epilepsy syndromes and situations may predict a 
better outcome to KDT.

3   |   INDICATIONS AND 
CONTRAINDICATIONS

There are several conditions for which KDT have been 
consistently reported as producing 60–70% responder 
rates, higher than the typical 50% responder rate overall 
seen in children after 6 months. These conditions have 
been classified as “indications” by the International 
Ketogenic Diet Study Group (Table 1, Kossoff 2018).1

3.1  |  Angelman syndrome

Angelman syndrome is a neurodevelopmental disorder 
characterized by severe developmental delay, speech im-
pairment, uncontrolled laughter, and ataxia.17 Epilepsy 
occurs in up to 90% of patients. There are no comparative 
trials of various antiseizure therapies; the consensus recom-
mendation is to treat with ASMs as first-line therapy and to 
consider CKD and LGIT as dietary options.5 In a case series, 
12/12 patients reported a decrease in seizures with LGIT, 
while 10/12 (83%) reported >90% reduction in seizure fre-
quency.18 CKD is recommended for infants and children 
with gastrostomy tubes.5 LGIT is suggested for other chil-
dren.5 If LGIT does not provide adequate control, it can be 
transitioned to CKD.5 In one study, 11/31 patients placed on 
the CKD reported it to be the best overall treatment.19

3.2  |  Complex 1 mitochondrial disorders

This is one of the most commonly identified biochemical 
mitochondrial defects and is associated with epilepsy.20 
In patients with respiratory chain complex defects, the 
use of ketone bodies can result in heteroplasmic shifting 

T A B L E  1   Epilepsy syndromes and conditions for which KDT 
has been consistently reported as more beneficial (>70%) than the 
average 50% KDT response (defined as >50% seizure reduction).1

Angelman Syndrome

Complex 1 mitochondrial disorders

Dravet syndrome

Epilepsy with myoclonic-atonic seizures (Doose syndrome)

Febrile infection-related epilepsy syndromes (FIRES)

Formula-fed (solely) children or infants

Glucose transporter protein 1 (Glut1) deficiency syndrome

Infantile Epileptic Spasms Syndrome

Ohtahara syndrome

Pyruvate dehydrogenase deficiency

Super-refractory status epilepticus

Tuberous sclerosis complex
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between and within cells.21 Ketone bodies can be useful 
in differentiating between normal cells and respiration 
compromised cells; hence, KDT can be useful in het-
eroplasmic mitochondrial DNA disorders.21 Ten of 14 
patients with refractory epilepsy with respiratory chain 
complex defects had a reduction in seizure frequency. 
KDT permitted 80% of patients to reduce or discontinue 
their ASMs.22

3.3  |  Dravet syndrome

Dravet syndrome is a developmental and epileptic en-
cephalopathy characterized by multiple seizure types, 
recurrent status epilepticus, cognitive impairment, and 
developmental delays. In a multicenter retrospective ob-
servational study of 114 patients with DS on KDT, rates of 
seizure freedom at 3 and 6 months were 32.5% and 30.7%, 
respectively.23 A 70% responder rate was observed in pa-
tients with DS on KD. It was found to be equally effective 
when compared to combination therapy with stiripentol, 
clobazam, and valproic acid.24

3.4  |  Epilepsy with myoclonic-atonic 
seizures

EMAtS, also referred to as Doose syndrome, typically 
starts in developmentally normal children between 2 and 
6 years of age with an explosive “stormy” onset of multiple 
seizure types that are typically refractory to medications.25 
Response to dietary therapy has been significantly greater 
than response to ASM. Studies have indicated an overall 
response to the first three ASMs being 26%, compared to 
KD being effective in 79%.26 In a retrospective review, 83% 
experienced >50% seizure reduction and 47% were seizure 
free after 2 years of the MAD.27

3.5  |  Febrile infection-related epilepsy 
syndrome

FIRES is a subcategory of New Onset Refractory Status 
Epilepticus (NORSE) that can occur in all age groups. 
This type of refractory status epilepticus develops follow-
ing a febrile illness that started between 2 weeks and 24 h 
before onset of RSE in an otherwise healthy patient.28 
Due to the likely underlying immune mechanisms in sus-
taining seizures, the ketogenic diet and second-line im-
munotherapies are initiated in non-infectious NORSE/
FIRES with inadequate response to first-line immune 
treatment.29 Early initiation of KDT was noted to im-
prove outcomes.30

3.6  |  Formula-fed infants and children

KDT can be initiated with relative ease in formula-fed 
children, particularly those with pre-existing gastrostomy 
tubes. In a study of 226 patients who were on KD, 61 were 
formula fed. All 61 patients had better seizure control than 
the typical solid food fed child.31 Recently, a study found 
that using formula increased that chance to respond to 
treatment 7.32 times.32 Although the likely explanation of 
why this preferential improvement would be compliance, 
the benefits of KDT as formulas may be more complicated 
than that. Formula has improved the palatability of the 
diet, ease of calculation of components, and is cost effec-
tive as it is typically covered by insurance companies if it is 
the majority of nutritional needs for the patient.31

3.7  |  Glucose transporter type 1 
deficiency syndrome

Glut-1 is normally expressed in the endothelial cells of 
the blood–brain barrier. A deficiency in Glut-1 results 
in reduced glucose transport across the blood–brain bar-
rier. Clinical manifestations include early onset absence 
epilepsy, paroxysmal eye-head movements, ataxia, devel-
opmental delays, and paroxysmal exertion-induced dysto-
nia.33 KDT is the treatment of choice for Glut1DS.1 The 
diet provides ketones that bypass the metabolic defect and 
provides an alternative cerebral fuel for the developing 
brain.1,33 CKD should be used in infants and children for 
as long as possible.12,33 MAD can be used in school-age 
children, adolescents, and adults.33

3.8  |  Infantile epilepsy spasms syndrome

IESS, previously known as West syndrome, consists of 
the triad of infantile spasms, EEG pattern of hypsar-
rhythmia, and developmental delay or regression. In a 
meta-analysis, 60% patients experienced >50% seizure 
reduction with KDT.34 A retrospective case–control 
study demonstrated 8/13 patients with IESS started 
on CKD as first-line therapy were spasm free within 
18 days.35 Those who did not respond to KD were treated 
with hormonal therapy.35 Similar results were found by 
a more recent study.36

3.9  |  Ohtahara syndrome

Ohtahara syndrome manifests with tonic spasms, focal 
motor seizures, refractory epilepsy, and an EEG with a 
burst suppression pattern.37 These patients have a poor 
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prognosis and may evolve into IESS and in many cases to 
Lennox Gastaut Syndrome (LGS).38 Several publications 
have reported a substantial reduction in seizures with the 
CKD.39,40

3.10  |  Pyruvate dehydrogenase 
deficiency

Patients with PDHD are unable to metabolize pyruvate to 
acetyl CoA, leading to increased lactate production and 
impaired energy production. PDHD commonly manifests 
with numerous neurological signs such as congenital 
microcephaly, hypotonia, ataxia, developmental delays, 
and epilepsy.41 Patients may have abnormal neuroimag-
ing and metabolic abnormalities, such as lactic acidosis.41 
KDT provides ketone bodies that act as an alternate fuel 
for the developing brain.1,41 Among 19 pediatric patients 
with PDHD, all patients with seizures treated with KD im-
proved during treatment. Approximately 50% had resolu-
tion of seizures within 1 year of diet initiation.42

3.11  |  Super-refractory status epilepticus

Super-refractory status epilepticus (SRSE) is defined as 
status epilepticus that persists at least 24 h or more after 
the onset of anesthetic therapy, or recurs with the reduc-
tion/withdrawal of anesthesia.43 Among 14 patients in a 
prospective multicenter study, ketosis was achieved in a 
median of 2 days with EEG resolution of seizures in 7 days 
of initiation in 71% of patients.44 Nearly 80% of patients 
were weaned off of continuous infusions 2 weeks after 
starting KD. This improvement persisted beyond the 
acute period with 7/12 patients with a 3-month follow-up 
showing continued improvement in seizures with 4/12 
being seizure free.44 Favorable responses have been found 
among pediatric and adult patients. Both enteral and 
parenteral formulations are available. Concurrent use of 
propofol with KDT potentially raises the risk of propofol 
infusion syndrome and probably should be avoided.45

3.12  |  Tuberous sclerosis complex

Tuberous sclerosis complex (TSC) is a genetic multisystem 
disorder typically caused by mutations in TSC1 or TSC2. 
Epilepsy is reported in 75%–90% of patients with TSC.46 
At 3 months after KD initiation, 83% of patients had >50% 
seizure reduction with nearly 60% having qualitative im-
provement in cognition per caregiver report.47 Six of 10 
patients that continued the KD for 6 months were seizure 
free and 80% achieved >50% seizure reduction.47

4   |   CONTRAINDICATIONS

KDTs exert their action by shifting from the use of car-
bohydrates to lipids as the primary energy source. A dis-
order of lipid metabolism, for example, primary carnitine 
deficiency, may worsen with the initiation of KDT or with 
fasting.1 The IKDSG has provided the following list of ab-
solute and relative contraindications (Table 2).1

5   |   INITIATION OF DIETARY 
THERAPY

Despite the ketogenic diet being over 100 years old, the 
basics of initiation of dietary therapy had not been ques-
tioned or studied until the past 10–20 years. The clas-
sic ketogenic diet is traditionally started as an inpatient 
in the hospital setting over a few days while foods are 
gradually introduced to a child who had been fasted for 
24–48 h (clear, calorie-free fluids only). A ratio is chosen 
and the dietitian calculates meal plans based on that ratio 
and a set number of calories calculated for that individual 
child. Medication doses are usually left unchanged, with a 
change over to tablet formulations (as liquid medications 
have minimal, but potentially ketone reducing carbohy-
drates). This may not be completely necessary, however, in 
all patients if the ketogenic ratio is increased.48 In the hos-
pital setting, foods are usually weighed and measured by 
the kitchen staff or a dietitian, and the family is instructed 
on how to do this themselves. In fact, education is a large 
part of the ketogenic diet initiation period. Computer 

T A B L E  2   Contraindications to the use of Ketogenic Diet 
Therapies.1

Absolute
•	 Primary carnitine deficiency
•	 Carnitine palmitoyltransferase (CPT) I or II deficiency
•	 Carnitine translocase deficiency
•	 Beta-oxidation defects
•	 Medium-chain acyl dehydrogenase deficiency (MCAD)
•	 Long-chain acyl dehydrogenase deficiency (LCAD)
•	 Short-chain acyl dehydrogenase deficiency (SCAD)
•	 Long-chain 3-hydroxyacyl-CoA deficiency
•	 Medium-chain 3-hydroxyacyl-CoA deficiency
•	 Pyruvate carboxylase deficiency
•	 Porphyria

Relative
•	 Inability to maintain adequate nutrition
•	 Surgical focus identified by neuroimaging and video-EEG 

monitoring
•	 Parent or caregiver non-compliance
•	 Propofol concurrent use (risk of propofol infusion syndrome 

may be higher)
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programs (e.g., KetoDietCalculator™) can be very helpful 
for families once they are discharged.

Although tradition has incorporated both a fasting pe-
riod and inpatient stay, recent studies have questioned the 
role and universality of this approach. Fasting, in a ran-
domized trial, led to equal levels of blood ketones after 
1 week, and equivalent seizure control outcomes after 
3 months.49 However, fasting does lead to a quicker (in 
days) onset of ketosis which may be desired.50 In addition, 
many centers nowadays implement the ketogenic diet 
with an outpatient approach, letting the child and family 
remain at home during initiation. This allows the family 
to start preparing and cooking the foods immediately, and 
the child will likely be more comfortable (and eat more) 
at home than in the hospital. Education is done in clinics, 
and typically, the child will be nearby in case of hypogly-
cemia, vomiting, or acidosis.

Novel methods of initiating ketogenic diet therapy have 
emerged in recent years as well. In the inpatient setting, 
the ketogenic diet can be started by increasing the ratio 
every day (e.g., 2:1, 3:1, 4:1) versus the tradition of keeping 
the ratio stable and increasing calories daily.49 Some cen-
ters have also increased the ketogenic diet as an outpatient 
even more slowly (over months).51 Virtual ketogenic diet 
initiations in the recent COVID-19 pandemic have been 
successful and are a valid option.52 Lastly, the MAD and 
LGIT are nearly universally started without a fast and as 
an outpatient as part of their design.1 No matter how KDT 
is started, it needs to be ideally implemented under the 
care of both a physician and nutritionist.1

6   |   ANTISEIZURE DRUGS AND 
THE KETOGENIC DIET

Although often seen as mutually exclusive therapies for 
epilepsy, they are typically used together, in one study up 
to 86% of patients.53 Therefore, the interactions (both posi-
tive and negative) between KDT and antiseizure drugs are 
very important to be aware of. This topic was covered in 
great detail in a recent review; we would suggest referring 
to this for more detail.54

One major secondary reason for starting KDT is to 
wean medications and a child does not need to be seizure-
free in order to make an attempt.1 If successful, this may 
lead to reduced treatment costs and improved alertness. 
Most centers will wait at least 1 month after starting KDT 
to try to wean antiseizure drugs, although one study re-
ported success discontinuing medications as early as the 
first month.1,55

The interactions between cannabidiol (CBD) and KDT 
have not been fully elucidated; however, the two therapies 

have similar indications including LGS and Dravet syn-
drome.54 The package insert for the commercial product, 
Epidiolex™, has reported that ingestion with a “high fat/
high calorie” meal results in an increase in C-max by 
five-fold, as opposed to fasting state in healthy volun-
teers (https://​pp.​jazzp​harma.​com/​pi/​epidi​ olex.en.USPI.
pdf). There have been reports of an additive effect and 
improved seizure control when MCT oil is used as the ve-
hicle for CBD.54 However, this combination has also been 
associated with increased MCT-related gastrointestinal 
side effects of abdominal pain, diarrhea, nausea, and vom-
iting.54 There are also anecdotal reports of higher ketosis 
with CBD use.54

Some drugs that have been reported as problematic 
for efficacy on KDT, and perhaps worth trying to wean 
early, include phenobarbital, valproate, and lamotrigine.54 
Zonisamide and vagus nerve stimulation may work well 
with KDT based on studies as well.56,57 However, the evi-
dence for this is limited at best. It is also unclear if antisei-
zure medication levels decrease on KDT; dose adjustment 
is not necessary. Traditionally, medications are switched 
from liquid to tablet formulation to reduce hidden car-
bohydrates, but this also may not be necessary or can be 
accounted for with extra fat.48 Finally, it is acceptable to 
consider addition of an antiseizure medication after sev-
eral months and various KDT “fine-tuning” attempts have 
been tried in order to improve seizure control. In one 
study, this was a successful method of seizure reduction 
in 24% of children on KDT.58

7   |   SUPPLEMENTS

Supplementation with vitamins is necessary for patients 
on KDT due to the lack of B vitamins, calcium, and 
Vitamin D in typical foods provided. Children should 
be started on a daily multivitamin along with calcium 
and Vitamin D in all cases, except if a KDT formula is 
utilized that possesses sufficient vitamins and minerals. 
Additional supplementation has been advocated based 
on some studies, but is generally optional. These supple-
ments include extra zinc, selenium, magnesium, laxa-
tives, gastric acid blockers, or probiotics.1 Oral citrates 
have been demonstrated in one study to reduce the risk 
of kidney stones from 6.7% to .9% when used empirically 
and possibly may also reduce acidosis.59 Some centers 
will also add additional carnitine to help boost ketosis, 
especially in children receiving concomitant valproate.60 
However, most centers do not automatically start carni-
tine in all children. At this time, there is no evidence for 
the use of exogenous ketone esters or salts along with 
KDT for epilepsy.

https://pp.jazzpharma.com/pi/epidi
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8   |   MAINTENANCE OF 
KETOGENIC DIET THERAPY

After KDT is started, children should be seen back in clinic 
at 1, 3, 6, 9, and 12 months, with contact in between for 
questions.1 (INFOGRAPHIC) At most visits, laboratories 
are obtained including complete blood count, compre-
hensive metabolic profile, fasting lipid profile, antiseizure 
medication levels, and total and free carnitine. Additional 
laboratories may include Vitamin D levels, selenium, 
zinc, and serum beta-hydroxybutyrate. At each visit, the 
family will meet with a neurologist and dietitian to discuss 
how KDT is progressing. Children will have their height 
and weight checked and plotted on growth curves. Most 
children respond to KDT within a few weeks, but typically 
KDT continuation is discussed at 3–6 months.

At home, parents will provide the ketogenic foods as 
prescribed and communicate with the dietitian for ad-
vice and adjust calories as necessary. Ketones are usually 
checked several times a week, either by urine acetoace-
tate strips or blood beta-hydroxybutyrate (home meters). 
Parents are encouraged to contact the KDT with increased 
seizures, acidosis, over-ketosis, signs of kidney stones, or 
weight loss.

9   |   ADVERSE EFFECTS OF THE 
KETOGENIC DIET

Since the creation of KDT, there has been concern about 
potentially harmful adverse effects associated with its use. 
As a result, there has been a large amount of research 
focused on both short and long-term adverse effects, in 
particular within the pediatric population starting this 
medication for epilepsy. It is important for neurologists to 
understand these side effects, which unlike with antisei-
zure medications are manageable and should not usually 
be a reason for KDT to be discontinued. Adverse effects 
can be thought of as threefold—short term, long term, and 
laboratory derangements.

In the immediate period of starting ketogenic diet, 
most common adverse effects are constipation, abdominal 
pain, and vomiting. Much of this has to do with the com-
position of KDT. Given the need for low carbohydrate con-
tent, KDT has lower fiber and higher fat content, both of 
which can lead to generalized abdominal discomfort and 
constipation. Literature suggests that this is self-limiting, 
but providers should manage symptoms accordingly 
with appropriate bowel regimen.61 Of note, abdominal 
pain should be re-evaluated if it arises in the subacute to 
late phase of KDT due to other potential etiologies unre-
lated to constipation. There is a known risk of renal cal-
culus formation, which is substantially reduced by use 

of sodium or potassium citrate but new abdominal pain 
should prompt broad differential.59 Aside from renal cal-
culi, abdominal pain may also reflect pancreatitis which 
has been seen in a small cohort of patients on KDT.62 This 
is most common with patients already on ASMs with this 
side effect (i.e., valproic acid) or hypertriglyceridemia and 
providers should use their clinical judgment. In the acute 
period, in particularly after fasting to achieve ketosis, 
patients can also experience hypoglycemia. This has not 
been associated with poor outcomes long term but it does 
inform why KDT initiation is so often done with an inpa-
tient admission—both for education and for monitoring 
of early adverse effects.62

Second to gastrointestinal complaints, the most com-
mon adverse effects seen with KDT are potential labora-
tory derangements. Most common effects include mild 
acidosis, hyperlipidemia, and hypoglycemia (mentioned 
earlier). Acidosis may occur in some patients and does not 
suggest increased clinical risk in most patients on KDT. 
Regarding lipid profiles, the highest risk for abnormal 
lipid profiles is within the first 6–12 months of KDT initi-
ation. While this is true, these levels have been shown to 
normalize over time and at this time do not demonstrate 
higher risk of atherosclerotic change.1 There are a number 
of individual case reports which report vitamin and min-
eral deficiencies, but the most common and most likely 
to lead to clinical change are vitamin D and calcium. In 
patients who develop osteopenia or pathologic fractures 
on KDT, evaluation for serum levels should be initiated.1

If a patient is tolerating KDT well, they may be on it 
for up to several years depending on indication. With such 
prolonged exposure, there is potential for long-term ad-
verse effects in particular on growth—a common concern 
from families considering this treatment. Growth curves 
should certainly be monitored both by a patient's primary 
care provider and by their neurologist, but upon on review 
of literature it remains unclear what the impact of KDT 
alone is on growth with one study citing 9% of patients 
with growth one standard deviation below normal.63 In 
a small portion of patients, osteopenia has been noted 
which may impact bone health and growth, but this var-
ies by age.64 Impact on growth seems most prominent in 
younger populations so should be a particular consider-
ation in those patients starting ketogenic diet in infancy or 
even in the neonatal intensive care unit. While some stud-
ies have described “slowed growth” in patients on KDT, 
this is typically not pronounced enough that patients need 
to discontinue the diet.63

Despite this list of potential adverse effects, all are 
manageable with appropriate consideration by a neurolo-
gist. Serial laboratory monitoring is effective at identifying 
laboratory derangements early on. Renal stone risk can be 
mitigated by avoiding medications which independently 
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increase risk such as carbonic anhydrase inhibitors. Use of 
potassium citrate can decrease renal stone risk in addition 
to reducing acidosis. Hyperlipidemia is screened prior to 
initiation and during KDT. In patients with known risk of 
osteopenia, vitamin D supplementation and endocrinol-
ogy following can be important. Finally, gastrointestinal 
side effects are well managed by use of medications for 
constipation and gastroesophageal reflux.

10   |   DISCONTINUATION OF 
KETOGENIC DIET THERAPY

Length of therapy for KDT and the decision to discontinue 
are generally tailored by a patient and their particular sit-
uation. This can vary widely when we compare the dif-
ferent uses of KD, whether that be epilepsy refractory to 
several ASMs, infantile spasms, specific genetic disorders, 
or emergent use in FIRES/NORSE. Each of these etiolo-
gies has an individualized approach to discontinuation of 
therapy.

A general approach toward using KDT for epilepsy is to 
trial for at least 3 months to assess for response, as noted in 
recent consensus statement.1 In some cases, there can be 
an increase in seizure frequency, at which point immedi-
ate discontinuation should be considered. In the more typ-
ical cohort of patients with refractory epilepsy who have 
seizure reduction with KDT, the 2-year mark is an appro-
priate time to consider discontinuation. Discontinuation 
considers a number of variables and is a balance of seizure 
etiology and frequency as well as side effects and impacts 
on growth as noted earlier. Because of this, there are a 
number of situations where it is appropriate to consider 
early discontinuation of therapy in particular for patients 
who are not tolerating these known adverse effects. This 
model mirrors the same consideration with ASMs—often 
evaluating tolerance and seizure burden at the 2-year 
mark prior to weaning off.

There are multiple situations in which both prolonged 
and shortened courses of KDT can be more beneficial for 
patients. These should be considered independently of the 
2-year trial period as discussed prior to this. Infantile ep-
ileptic spasms syndrome (IESS) is a particular diagnosis 
in which a shorter course of treatment can be considered. 
In this population of medically refractory IESS, there is 
literature to suggest that if seizure freedom is achieved 
while on KDT, discontinuation at 6 months is equivalent 
to the classic 2-year model.65,66 This suggests that there is 
no benefit to seizure control with prolonged KDT >1 year 
in these patients and allows us to reduce unnecessary pro-
longed ketosis for this patients.

In cases of NORSE, FIRES, or super-refractory sta-
tus epilepticus, KDT is often used to break the status 

epilepticus, but the duration of KDT after this occurs is 
less clear. This is considered on a case by case basis and 
determined by responsiveness to treatment, but typically 
is 6 months, unless ongoing occasional seizures are prob-
lematic and seem KDT responsive.

Prolonged use of KDT (past 2 years) can be contro-
versial given known side effects and impacts on growth 
and development. There are situations though where this 
prolonged use may be important for neurodevelopment 
and cessation of seizures. In Glut-1 Deficiency Syndrome, 
patients are dependent on the alternative energy source 
provided by KDT. This allows for seizure control and 
avoids consequences of this disorder which can include 
developmental delay and movement disorders. While 
restrictive, KDT is the most effective for managing this 
syndrome for life.67 Pyruvate Dehydrogenase deficiency 
similarly demonstrates a chronic and positive response 
to prolonged use of KDT.42 It is therefore currently rec-
ommended for these conditions to stay on KDT as long as 
possible, possibly for life.1

There is published evidence regarding KDT discon-
tinuation, should that be considered.68 Children with 
multiple ASM needs and hard to control seizures should 
be weaned off KDT carefully and slowly, with close 
monitoring for increased seizures during this period. 
To achieve careful removal of ketosis, the most effec-
tive way to wean off KDT is to reduce ratio by 1:1 every 
1–4 weeks.1 This gradual change should allow providers 
and parents to assess for re-emergence of seizures prior 
to complete discontinuation. The risk of recurrence with 
discontinuation is higher in patients with epileptiform 
spikes on EEG or focal abnormalities on MRI.69 It may 
be prudent to review MRI and consider an EEG prior to 
discontinuation, again similar to weaning off ASMs.69 
In some cases as suggested already, prolonged use of 
KDT may outweigh the risk of discontinuation. In those 
patients who did not show clinical improvement while 
on KDT, the process of discontinuation can be much 
quicker over the course of days as there is no perceived 
risk of quickly stopping ketosis.68

11   |   CAN THE DIET BE RETRIED?

With the advent of adult epilepsy diet centers and the 
unfortunate reality of severe, refractory epilepsy that is 
not surgically amenable, it is a common question among 
epileptologists if KDT can be reattempted years later. A 
single study evaluated this scenario and included 26 sub-
jects from two epilepsy centers, with the second KDT trial 
a mean of 6 years later.70 The results tended to be simi-
lar within each individual; success with the first trial was 
later seen with the reattempt, and vice versa. Overall, 50% 
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of children responded to the second trial, which was less 
than the first trial (77%), but still similar to overall KDT 
responses.70 Therefore, these results suggest reattempting 
a previously successful KDT years later may be valuable.

12   |   SUMMARY

Ketogenic diet therapy is a valuable nonpharmacologic 
treatment of refractory epilepsy in children and adults. 
Significant evidence exists to guide initiation of the diet as 
well as choice of five specific diets to choose from. In ad-
dition, neurologists have identified several indications in 
which KDT is highly effective, even perhaps as a first-line 
therapy. Side effects exist, are typically gastrointestinal, 
growth or dyslipidemias, and rarely require KDT discon-
tinuation when they occur. Continued use of KDT over 
the next century will identify mechanisms of action and 
further improve efficacy and reduce adverse effects of this 
highly useful treatment.

CONFLICT OF INTEREST STATEMENT
Eric Kossoff has served as a paid consultant for Simply 
Good Foods Inc., Nutricia, Inc., Bloom Science, Cerecin, 
and LivaNova, and has received royalties from Springer 
Medical Publishing, UpToDate and the Oxford University 
Press. None of the other authors have disclosures to report.

ORCID
Eric H. Kossoff   https://orcid.org/0000-0002-5260-5314 

REFERENCES
	 1.	 Kossoff EH, Zupec-Kania BA, Auvin S, Ballaban-Gil KR, 

Bergqvist C, Blackford R, et al. Optimal clinical management of 
children receiving dietary therapies for epilepsy: updated rec-
ommendations of the international ketogenic diet study group. 
Epilepsia Open. 2018;3(2):175–92.

	 2.	 Seo JH, Lee YM, Lee JS, Kang HC, Kim HD. Efficacy and toler-
ability of the ketogenic diet according to lipid:nonlipid ratios—
comparison of 3:1 with 4:1 diet. Epilepsia. 2007;48(4):801–5.

	 3.	 Neal EG, Chaffe H, Schwartz RH, Lawson MS, Edwards N, 
Fitzsimmons G, et  al. A randomized trial of classical and 
medium-chain triglyceride ketogenic diets in the treatment of 
childhood epilepsy. Epilepsia. 2009;50(5):1109–17.

	 4.	 Muzykewicz DA, Lyczkowski DA, Memon N, Conant KD, 
Pfeifer HH, Thiele EA. Efficacy, safety, and tolerability of the 
low glycemic index treatment in pediatric epilepsy. Epilepsia. 
2009;50(5):1118–26.

	 5.	 Duis J, Nespeca M, Summers J, Bird L, Bindels-de Heus KGCB, 
Valstar MJ, et al. A multidisciplinary approach and consensus 
statement to establish standards of care for Angelman syn-
drome. Mol Genet Genomic Med. 2022;10(3):e1843.

	 6.	 Kossoff EH. The modified Atkins diet for epilepsy: two de-
cades of an "alternative" ketogenic diet therapy. Pediatr Neurol. 
2023;147:82–7.

	 7.	 Kossoff EH. Dietary therapies for epilepsy. In: Wyllie E, Gidal B, 
editors. Wyllie's the treatment of epilepsy: principles and prac-
tice. 7th ed. Philadelphia: Wolters Kluwer; 2021. p. 772–8.

	 8.	 Kossoff EH, McGrogan JR, Bluml RM, Pillas DJ, Rubenstein JE, 
Vining EP. A modified Atkins diet is effective for the treatment 
of intractable pediatric epilepsy. Epilepsia. 2006;47(2):421–4.

	 9.	 Sharma S, Sankhyan N, Gulati S, Agarwala A. Use of the modi-
fied Atkins diet for treatment of refractory childhood epilepsy: 
a randomized controlled trial. Epilepsia. 2013;54(3):481–6.

	10.	 Sharma S, Goel S, Jain P, Agarwala A, Aneja S. Evaluation of 
a simplified modified Atkins diet for use by parents with low 
levels of literacy in children with refractory epilepsy: a random-
ized controlled trial. Epilepsy Res. 2016;127:152–9.

	11.	 Martin-McGill KJ, Jenkinson MD, Tudur Smith C, Marson AG. 
The modified ketogenic diet for adults with refractory epilepsy: 
an evaluation of a set up service. Seizure. 2017;52:1–6.

	12.	 van der Louw E, van den Hurk D, Neal E, Leiendecker B, 
Fitzsimmon G, Dority L, et  al. Ketogenic diet guidelines 
for infants with refractory epilepsy. Eur J Paediatr Neurol. 
2016;20(6):798–809.

	13.	 Dressler A, Trimmel-Schwahofer P, Reithofer E, Gröppel G, 
Mühlebner A, Samueli S, et al. The ketogenic diet in infants—
advantages of early use. Epilepsy Res. 2015;116:53–8.

	14.	 Dressler A, Trimmel-Schwahofer P. The ketogenic diet for in-
fants: how long can you go? Epilepsy Res. 2020;164:106339.

	15.	 Husari KS, Cervenka MC. The ketogenic diet all grown 
up-ketogenic diet therapies for adults. Epilepsy Res. 
2020;162:106319.

	16.	 Mady MA, Kossoff EH, McGregor AL, Wheless JW, Pyzik PL, 
Freeman JM. The ketogenic diet: adolescents can do it, too. 
Epilepsia. 2003;44(6):847–51.

	17.	 Maranga C, Fernandes TG, Bekman E, da Rocha ST. 
Angelman syndrome: a journey through the brain. FEBS J. 
2020;287(11):2154–75.

	18.	 Shaaya EA, Grocott OR, Laing O, Thibert RL. Seizure treat-
ment in Angelman syndrome: a case series from the Angelman 
syndrome clinic at Massachusetts General Hospital. Epilepsy 
Behav. 2016;60:138–41.

	19.	 Thibert RL, Conant KD, Braun EK, Bruno P, Said RR, Nespeca 
MP, et  al. Epilepsy in Angelman syndrome: a questionnaire-
based assessment of the natural history and current treatment 
options. Epilepsia. 2009;50(11):2369–76.

	20.	 Kohda M, Tokuzawa Y, Kishita Y, Nyuzuki H, Moriyama Y, 
Mizuno Y, et al. A comprehensive genomic analysis reveals the 
genetic landscape of mitochondrial respiratory chain complex 
deficiencies. PLoS Genet. 2016;12(1):e1005679.

	21.	 Santra S, Gilkerson RW, Davidson M, Schon EA. Ketogenic 
treatment reduces deleted mitochondrial DNAs in cultured 
human cells. Ann Neurol. 2004;56(5):662–9.

	22.	 Kang HC, Lee YM, Kim HD, Lee JS, Slama A. Safe and effective use 
of the ketogenic diet in children with epilepsy and mitochondrial 
respiratory chain complex defects. Epilepsia. 2007;48(1):82–8.

	23.	 Yu M, Li H, Sun D, Li D, Zhong J, Gu Q, et al. The ketogenic 
diet for Dravet syndrome: a multicenter retrospective study. 
Nutrition. 2023;110:111976.

	24.	 Dressler A, Trimmel-Schwahofer P, Reithofer E, Mühlebner 
A, Gröppel G, Reiter-Fink E, et  al. Efficacy and tolerability 
of the ketogenic diet in Dravet syndrome—comparison with 
various standard antiepileptic drug regimen. Epilepsy Res. 
2015;109:81–9.

https://orcid.org/0000-0002-5260-5314
https://orcid.org/0000-0002-5260-5314


      |  153HARIDAS et al.

	25.	 Specchio N, Wirrell EC, Scheffer IE, Nabbout R, Riney K, Samia 
P, et al. International league against epilepsy classification and 
definition of epilepsy syndromes with onset in childhood: posi-
tion paper by the ILAE task force on nosology and definitions. 
Epilepsia. 2022;63(6):1398–442.

	26.	 Nickels K, Kossoff EH, Eschbach K, Joshi C. Epilepsy with 
myoclonic-atonic seizures (Doose syndrome): clarification of 
diagnosis and treatment options through a large retrospective 
multicenter cohort. Epilepsia. 2021;62(1):120–7.

	27.	 Wiemer-Kruel A, Haberlandt E, Hartmann H, Wohlrab G, Bast 
T. Modified Atkins diet is an effective treatment for children 
with Doose syndrome. Epilepsia. 2017;58(4):657–62.

	28.	 Hirsch LJ, Gaspard N, van Baalen A, Nabbout R, Demeret 
S, Loddenkemper T, et  al. Proposed consensus definitions 
for new-onset refractory status epilepticus (NORSE), febrile 
infection-related epilepsy syndrome (FIRES), and related con-
ditions. Epilepsia. 2018;59(4):739–44.

	29.	 Wickstrom R, Taraschenko O, Dilena R, Payne ET, Specchio 
N, Nabbout R, et  al. International consensus recommenda-
tions for management of new onset refractory status epilep-
ticus (NORSE) including febrile infection-related epilepsy 
syndrome (FIRES): summary and clinical tools. Epilepsia. 
2022;63(11):2827–39.

	30.	 Nabbout R, Matricardi S, De Liso P, Dulac O, Oualha M. 
Ketogenic diet for super-refractory status epilepticus (SRSE) 
with NORSE and FIRES: single tertiary center experience and 
literature data. Front Neurol. 2023;14:1134827.

	31.	 Kossoff EH, McGrogan JR, Freeman JM. Benefits of an all-
liquid ketogenic diet. Epilepsia. 2004;45(9):1163.

	32.	 Karimzadeh P, Moosavian T, Moosavian HR. Effects of a 
formula-based ketogenic diet on refractory epilepsy in 1 to 3 
year-old patients under classic ketogenic diet. Iran J Child 
Neurol. 2019;13(4):83–90.

	33.	 Klepper J, Akman C, Armeno M, Auvin S, Cervenka M, Cross 
HJ, et al. Glut1 deficiency syndrome (Glut1DS): state of the art 
in 2020 and recommendations of the international Glut1DS 
study group. Epilepsia Open. 2020;5(3):354–65.

	34.	 Prezioso G, Carlone G, Zaccara G, Verrotti A. Efficacy of keto-
genic diet for infantile spasms: a systematic review. Acta Neurol 
Scand. 2018;137(1):4–11.

	35.	 Kossoff EH, Hedderick EF, Turner Z, Freeman JM. A case-
control evaluation of the ketogenic diet versus ACTH for new-
onset infantile spasms. Epilepsia. 2008;49(9):1504–9.

	36.	 Dressler A, Benninger F, Trimmel-Schwahofer P, Gröppel G, 
Porsche B, Abraham K, et al. Efficacy and tolerability of the ke-
togenic diet versus high-dose adrenocorticotropic hormone for 
infantile spasms: a single-center parallel-cohort randomized 
controlled trial. Epilepsia. 2019;60(3):441–51.

	37.	 Malik SI, Galliani CA, Hernandez AW, Donahue DJ. Epilepsy 
surgery for early infantile epileptic encephalopathy (Ohtahara 
syndrome). J Child Neurol. 2013;28(12):1607–17.

	38.	 Yamatogi Y, Ohtahara S. Early-infantile epileptic enceph-
alopathy with suppression-bursts, Ohtahara syndrome; its 
overview referring to our 16 cases. Brain and Development. 
2002;24(1):13–23.

	39.	 Ishii M, Shimono M, Senju A, Kusuhara K, Shiota N. The keto-
genic diet as an effective treatment for Ohtahara syndrome. No 
To Hattatsu. 2011;43(1):47–50.

	40.	 Sivaraju A, Nussbaum I, Cardoza CS, Mattson RH. Substantial 
and sustained seizure reduction with ketogenic diet in a 

patient with Ohtahara syndrome. Epilepsy Behav Case Rep. 
2015;3:43–5.

	41.	 Ganetzky R, McCormick EM, Falk MJ. GeneReviews®. In: 
Adam MP, Feldman J, Mirzaa GM, Pagon RA, Wallace SE, 
Amemiya A, editors. Primary pyruvate dehydrogenase complex 
deficiency overview. Seattle (WA): University of Washington; 
2021.

	42.	 Sofou K, Dahlin M, Hallböök T, Lindefeldt M, Viggedal G, 
Darin N. Ketogenic diet in pyruvate dehydrogenase complex 
deficiency: short- and long-term outcomes. J Inherit Metab Dis. 
2017;40(2):237–45.

	43.	 Cornwall CD, Krøigård T, Kristensen JSS, Callesen HE, Beier 
CP. Outcomes and treatment approaches for super-refractory 
status epilepticus: a systematic review and meta-analysis. 
JAMA Neurol. 2023;80(9):959–68.

	44.	 Arya R, Peariso K, Gaínza-Lein M, Harvey J, Bergin A, Brenton 
JN, et al. Efficacy and safety of ketogenic diet for treatment of 
pediatric convulsive refractory status epilepticus. Epilepsy Res. 
2018;144:1–6.

	45.	 Baumeister FA, Oberhoffer R, Liebhaber GM, Kunkel J, 
Eberhardt J, Holthausen H, et al. Fatal propofol infusion syn-
drome in association with ketogenic diet. Neuropediatrics. 
2004;35(4):250–2.

	46.	 Saxena A, Sampson JR. Epilepsy in tuberous sclerosis: 
phenotypes, mechanisms, and treatments. Semin Neurol. 
2015;35(3):269–76.

	47.	 Park S, Lee EJ, Eom S, Kang HC, Lee JS, Kim HD. Ketogenic 
diet for the management of epilepsy associated with tuberous 
sclerosis complex in children. J Epilepsy Res. 2017;7(1):45–9.

	48.	 Haney CA, Charpentier A, Turner Z, Bessone SK, Doerrer 
SC, Kossoff EH. A proof-of-principle, case-control study to 
compensate for potential carbohydrates in liquid Antiseizure 
drugs in children on the ketogenic diet. J Child Neurol. 
2019;34(7):367–70.

	49.	 Bergqvist AG, Schall JI, Gallagher PR, Cnaan A, Stallings 
VA. Fasting versus gradual initiation of the ketogenic diet: a 
prospective, randomized clinical trial of efficacy. Epilepsia. 
2005;46(11):1810–9.

	50.	 Kossoff EH, Laux LC, Blackford R, Morrison PF, Pyzik PL, 
Hamdy RM, et al. When do seizures usually improve with the 
ketogenic diet? Epilepsia. 2008;49(2):329–33.

	51.	 Bansal S, Cramp L, Blalock D, Zelleke T, Carpenter J, Kao A. 
The ketogenic diet: initiation at goal calories versus gradual ca-
loric advancement. Pediatr Neurol. 2014;50(1):26–30.

	52.	 Kossoff EH, Turner Z, Adams J, Bessone SK, Avallone J, 
McDonald TJW, et al. Ketogenic diet therapy provision in the 
COVID-19 pandemic: dual-center experience and recommen-
dations. Epilepsy Behav. 2020;111:107181.

	53.	 Shah LM, Turner Z, Bessone SK, Winesett SP, Stanfield A, 
Kossoff EH. How often is antiseizure drug-free ketogenic diet 
therapy achieved? Epilepsy Behav. 2019;93:29–31.

	54.	 Armeno ML, Kossoff EH. Let food be thy medicine. The inter-
action between ketogenic diet therapy and anti-seizure medica-
tions: a systematic review. Epileptic Disord. 2023;25(1):18–27.

	55.	 Kossoff EH, Pyzik PL, McGrogan JR, Rubenstein JE. The im-
pact of early versus late anticonvulsant reduction after keto-
genic diet initiation. Epilepsy Behav. 2004;5(4):499–502.

	56.	 Morrison PF, Pyzik PL, Hamdy R, Hartman AL, Kossoff EH. 
The influence of concurrent anticonvulsants on the efficacy of 
the ketogenic diet. Epilepsia. 2009;50(8):1999–2001.



154  |      HARIDAS et al.

	57.	 Kossoff EH, Pyzik PL, Rubenstein JE, Bergqvist AG, Buchhalter 
JR, Donner EJ, et al. Combined ketogenic diet and vagus nerve 
stimulation: rational polytherapy? Epilepsia. 2007;48(1):77–81.

	58.	 Selter JH, Turner Z, Doerrer SC, Kossoff EH. Dietary and med-
ication adjustments to improve seizure control in patients 
treated with the ketogenic diet. J Child Neurol. 2015;30(1):53–7.

	59.	 McNally MA, Pyzik PL, Rubenstein JE, Hamdy RF, Kossoff EH. 
Empiric use of potassium citrate reduces kidney-stone incidence 
with the ketogenic diet. Pediatrics. 2009;124(2):e300–e304.

	60.	 Coppola G, Epifanio G, Auricchio G, Federico RR, Resicato G, 
Pascotto A. Plasma free carnitine in epilepsy children, adoles-
cents and young adults treated with old and new antiepileptic 
drugs with or without ketogenic diet. Brain and Development. 
2006;28(6):358–65.

	61.	 Lin A, Turner Z, Doerrer SC, Stanfield A, Kossoff EH. 
Complications during ketogenic diet initiation: Prevalence, 
treatment, and influence on seizure outcomes Published cor-
rection appears in Pediatr Neurol. Pediatr Neurol. 2018;84:57.

	62.	 Kang HC, Chung DE, Kim DW, Kim HD. Early- and late-onset 
complications of the ketogenic diet for intractable epilepsy. 
Epilepsia. 2004;45(9):1116–23.

	63.	 Vining EP, Pyzik P, McGrogan J, Hladky H, Anand A, Kriegler 
S, et  al. Growth of children on the ketogenic diet. Dev Med 
Child Neurol. 2002;44(12):796–802.

	64.	 Bergqvist AG, Schall JI, Stallings VA, Zemel BS. Progressive 
bone mineral content loss in children with intractable ep-
ilepsy treated with the ketogenic diet. Am J Clin Nutr. 
2008;88(6):1678–84.

	65.	 Kang HC, Lee YJ, Lee JS, Lee EJ, Eom S, You SJ, et  al. 
Comparison of short-  versus long-term ketogenic diet for in-
tractable infantile spasms. Epilepsia. 2011;52(4):781–7.

	66.	 Song JM, Hahn J, Kim SH, Chang MJ. Efficacy of treatments for 
infantile spasms: a systematic review. Clin Neuropharmacol. 
2017;40(2):63–84.

	67.	 Daci A, Bozalija A, Jashari F, Krasniqi S. Individualizing treat-
ment approaches for epileptic patients with glucose transporter 
Type1 (GLUT-1) deficiency. Int J Mol Sci. 2018;19(1):122.

	68.	 Worden LT, Turner Z, Pyzik PL, Rubenstein JE, Kossoff EH. Is 
there an ideal way to discontinue the ketogenic diet? Epilepsy 
Res. 2011;95(3):232–6.

	69.	 Martinez CC, Pyzik PL, Kossoff EH. Discontinuing the keto-
genic diet in seizure-free children: recurrence and risk factors. 
Epilepsia. 2007;48(1):187–90.

	70.	 Kossoff EH, Doerrer SC, Winesett SP, Turner Z, Henry BJ, 
Bessone S, et al. Diet Redux: outcomes from reattempting di-
etary therapy for epilepsy. J Child Neurol. 2016;31(8):1052–6.

SUPPORTING INFORMATION
Additional supporting information can be found online 
in the Supporting Information section at the end of this 
article.

How to cite this article: Haridas B, Testino A, 
Kossoff EH. Ketogenic diet therapy for the treatment 
of pediatric epilepsy. Epileptic Disord. 2025;27:144–
155. https://doi.org/10.1002/epd2.20320

Test yourself

1.	 Which of the following is not a ketogenic diet therapy?
A.	 Modified Atkins Diet
B.	 Classic ketogenic diet
C.	 MCT diet
D.	 Gluten-free diet

2.	 Which of the following is currently not an indication for KDT?
A.	 Absence epilepsy
B.	 Glut-1 deficiency syndrome
C.	 Dravet syndrome
D.	 Epilepsy with myoclonic-atonic seizures

3.	 Which is not an appropriate method of starting the diet?
A.	 Inpatient with a fasting period
B.	 Inpatient without a fasting period
C.	 Outpatient without a fasting period over 1–2 months
D.	 Outpatient with a fasting period over 24 h

4.	 Which of the following side effects are occasionally seen with KDT?
A.	 Kidney stones
B.	 Constipation

https://doi.org/10.1002/epd2.20320
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C.	 Gastroesophageal reflux
D.	 Bone fractures
E.	 All of the above

5.	 Kidney stones may be prevented by using this supplement:
A.	 Zinc
B.	 Potassium citrate
C.	 Atorvastatin
D.	 Selenium

6.	 Which laboratories are NOT universally obtained while on KDT?
A.	 Total and free carnitine
B.	 Antiseizure drug levels
C.	 Selenium levels
D.	 Comprehensive metabolic panel

7.	 Aspects of a ketogenic diet follow-up clinic that are addressed include:
A.	 Seizure control
B.	 Height, weight and overall growth and tolerability
C.	 Antiseizure medication adjustment
D.	 All of the above

8.	 Which of the following is a contraindication for KDT?
A.	 Primary carnitine deficiency
B.	 Infantile spasms
C.	 Lack of a gastrostomy tube
D.	 Pyruvate dehydrogenase deficiency

9.	 The average rate of response (>50% seizure reduction) in children on KDT is:
A.	 20%
B.	 40%
C.	 50%
D.	 80%

10.	 The ideal duration of a wean off of the KDT is:
A.	 Over 2 weeks
B.	 Immediate stop
C.	 Over 6 months
D.	 Up to the individual patient and KDT center

Answers may be found in the supporting information.


	Ketogenic diet therapy for the treatment of pediatric epilepsy
	Abstract
	1  |  ILAE LEARNING OBJECTIVE
	1.1  |  Demonstrate knowledge of indications, limitations, and risks for ketogenic diet
	1.2  |  What is the ketogenic diet?
	1.2.1  |  Classic ketogenic diet
	1.2.2  |  Medium-chain triglyceride diet
	1.2.3  |  Low glycemic index treatment
	1.2.4  |  Modified Atkins diet
	1.2.5  |  Modified ketogenic diet (UK)


	2  |  PATIENT SELECTION
	3  |  INDICATIONS AND CONTRAINDICATIONS
	3.1  |  Angelman syndrome
	3.2  |  Complex 1 mitochondrial disorders
	3.3  |  Dravet syndrome
	3.4  |  Epilepsy with myoclonic-atonic seizures
	3.5  |  Febrile infection-related epilepsy syndrome
	3.6  |  Formula-fed infants and children
	3.7  |  Glucose transporter type 1 deficiency syndrome
	3.8  |  Infantile epilepsy spasms syndrome
	3.9  |  Ohtahara syndrome
	3.10  |  Pyruvate dehydrogenase deficiency
	3.11  |  Super-refractory status epilepticus
	3.12  |  Tuberous sclerosis complex

	4  |  CONTRAINDICATIONS
	5  |  INITIATION OF DIETARY THERAPY
	6  |  ANTISEIZURE DRUGS AND THE KETOGENIC DIET
	7  |  SUPPLEMENTS
	8  |  MAINTENANCE OF KETOGENIC DIET THERAPY
	9  |  ADVERSE EFFECTS OF THE KETOGENIC DIET
	10  |  DISCONTINUATION OF KETOGENIC DIET THERAPY
	11  |  CAN THE DIET BE RETRIED?
	12  |  SUMMARY
	CONFLICT OF INTEREST STATEMENT
	ORCID
	REFERENCES


