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Abstract

Purpose of Review Over the past years, the ketogenic diet (KD) has been increasingly used
as emergency therapy for refractory and super-refractory status epilepticus (RSE/SRSE).
The aim of this review was to evaluate the role of the KD in pediatric patients with RSE with
a special focus on different types of status epilepticus.
Recent Findings Over the past decade, several studies have been published on the use of
the KD in children with RSE/SRSE. Based on our previous studies on dietary therapy in
myoclonic status epilepticus and status epilepticus in epileptic encephalopathies, we
consider the KD may work well in particular types of status epilepticus, especially those
occurring in the epileptic encephalopathies.
Summary When patients with RSE/SRSE do not respond to benzodiazepines, IV antiepi-
leptic drugs, and anesthetics, the KD may be an effective and tolerable option to be
considered earlier in the treatment algorithm. The development of a consensus may
optimize the use of this treatment in patients with epilepsy in critical care. There is a
need for randomized controlled trials to confirm what children would be the best candi-
dates for the use of the KD as well as the time of dietary therapy initiation for the
treatment of RSE/SRSE.

Introduction

The ketogenic diet (KD) is a high-fat, low-carbohydrate
diet, adequate-protein diet that has been used since
1921 for the nonpharmacological treatment of refracto-
ry epilepsy [1–3]. In spite of a decline in the use of the
diet due to the introduction of new antiepileptic drugs,
since the 1990s, there has been renewed interest in the

KD, as epilepsy becomes drug resistant in approximately
one third of children. The KD has been shown to work
particularly well in certain epilepsy syndromes, especial-
ly the epileptic encephalopathies [4, 5•]. Considerable
evidence and consensus guidelines are available for the
use of the KD in the treatment of epilepsy [6••]. Over

http://crossmark.crossref.org/dialog/?doi=10.1007/s40746-019-00185-0&domain=pdf


the past years, the diet has been increasingly used as
emergency therapy for refractory status epilepticus in
children and adults [7–9].

Status epilepticus (SE) is commonly defined as a
seizure activity of 5 min or more or recurrent seizure
activity without a return to baseline between seizures. In
the treatment algorithm for SE, the first therapy of choice
is benzodiazepines. If the seizures do not respond to
therapy within 30 min, treatment with intravenous anti-
epileptic drugs, such as phenytoin, phenobarbital, or
valproate, is started. If the patient does not respond to
this treatment after 2 h, the patient is considered to have
refractory SE (RSE). In patients with RSE, intravenous
anesthetic agents are indicated [10].

If the RSE returns after the reduction or discontinua-
tion of anesthetics, the patients are diagnosed with
super-refractory SE (SRSE). Of all patients with SE ad-
mitted to hospital, around 15% develop SRSE [10].

RSE and SRSE are associated with high rates of mor-
bidity and mortality [11]. Additionally, long-term treat-
ment with intravenous anesthetic drugs has been asso-
ciated with negative outcomes contributing to the high
morbidity and mortality rate [12•].

Currently, there is no consensus on how to care for
patients with RSE who do not respond to aggressive
treatment, as no systematic studies have been conduct-
ed, and management mainly depends on expert
experience.

Since the first study by Bodenant [13] in an adult
patient with partial RSE who had a favorable outcome
7 days after introduction of the KD in association with
antiepileptic drugs, the KD is increasingly used for emer-
gency situations in RSE and SRSE.

The aim of this review was to discuss the role of the
KD in pediatric patients with RSE with a special focus on
different types of status epilepticus.

Different forms of RSE and the KD

SE are categorized into different forms: (1) convulsive status epilepticus asso-
ciated with generalized tonic-clonic seizures; (2) nonconvulsive status epilep-
ticus (NCSE), a state of ongoing going seizure activity for at least 30 min, with
cognitive or behavioral changes, but without convulsive clinical manifestations,
diagnosed based on ictal EEG abnormalities and clinical features; and (3)
repeated partial seizures manifested as focal motor signs, focal sensory symp-
toms, or focal impairment of function (e.g., aphasia) not associatedwith altered
awareness (epilepsia partialis continua) [14].

Etiologies may be divided into five categories: immunological disorders,
mitochondrial disorders, uncommon infectious diseases, drugs or toxins, and
rare genetic diseases [10]. Many cases occur de novo, without a previous history
of epilepsy. Such cases have been considered to have new-onset refractory status
epilepticus (NORSE), presenting with RSE without a clear acute or active
structural, toxic, or metabolic cause [15•]. Febrile infection-related epilepsy
syndrome is a subcategory of NORSE that requires a prior febrile infection
starting between 2 weeks and 24 h prior to onset of refractory status epilepticus,
with or without fever at onset of status epilepticus [16••].

It is important to consider that there are as many types of SE as there are
types of epileptic seizures. These types of SE do not occur in an isolated fashion
and overlap exists. Different types of SE may occur in the same syndrome.

In our experience, specifically in children, the types of RSE or SRSE thatmost
likely respond to KD therapy are:

A. Refractory focal and sometimes generalized status epilepticus, primarily
observed in focal epilepsies of different etiologies

B. The pure form of myoclonic status epilepticus
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C. Non-convulsive and/or electrical status epilepticus in the framework of the
epileptic encephalopathies

The majority of studies on the use of the KD have been conducted in adults
and children with simple or complex RSE, mostly of an immune-mediated
etiology. These patients mainly had motor RSE. Cases with focal non-
convulsive RSE and generalized RSE have also been published [8, 9, 17••, 18–
29]. Studies on the use of the KD in childrenwith RSE/SRSE are listed in Table 1.

The second type of status epilepticus that may respond particularly well to
the KD is the pure form of myoclonic status epilepticus.

Myoclonic status epilepticus, a term used for different electroclinical presen-
tations with different prognostic and treatment implications, has been de-
scribed in generalized epilepsy syndromes, neurodegenerative disease, infec-
tious or inflammatory neurologic disease, toxic-metabolic states, and following
anoxic brain injury [10].

Our group published two patients with myoclonic RSE. One of them, with
myoclonic epilepsy of unknown etiology, had a 75–90% seizure reduction, and
the other with progressive encephalopathy associated with myoclonic epilepsy
had a 50% seizure reduction. Both patients retained good tolerability for the
diet [30].

Myoclonic status epilepticus in non-progressive encephalopathy is associat-
ed with a particular electroclinical pattern seen in patients with a genetic
etiology, such as Angelman syndrome and diffuse developmental cortical dys-
plasia [31].

In a second study, six patients with nonprogressive encephalopathy and
myoclonic RSE treated with the KDwere presented. Seizure reduction was more
than 75% in two, more than 50% in three, and only one had a less than 50%
decrease in seizures [32•].

In patients with refractory myoclonic status epilepticus, regardless of the
type of epileptic syndrome and etiology, the diet should be considered earlier in
the course of the treatment.

The third type of SE responding well to the KD is the non-convulsive and/or
electrical status epilepticus. This NCSE may be subtle and difficult to recognize
on EEG and EEG polygraphy. In children, the majority of epileptic encepha-
lopathies are associated with non-convulsive and electrical status epilepticus,
including electrical status epilepticus during sleep (ESES) and hypsarrhythmia.
West syndrome and ESES are typical examples of electrical status epilepticus.

The KD is found to work well in ESES or continuous spikes and waves during
slow sleep (CSWSS). In a series by our group, 12 patients with ESES were treated
with the diet. One became seizure free, one had a more than 75% seizure
decrease, and two amore than 50% and two a less than 50% decrease, while two
discontinued because of adverse effects and three did not respond to the diet [33].
In a series of 45 patients with drug-resistant epilepsy secondary tomalformations
of cortical development, the group with a better response to dietary therapy
correspond to those with unilateral polymicrogyria associated with ESES [34•].

In children with NCSE, we probably decide to use the diet at the moment
when the electro-clinical features are compatible with non-convulsive and
electrical status epilepticus.

Dravet syndrome is typically associated with all three types of RSE: The
febrile, mainly generalized motor status, myoclonic status epilepticus, and the
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obtundation state, the latter two of which are the characteristic NCSE of the
syndrome. In our series of patients with Dravet syndrome, 10 of the 13 children
who remained on the diet had a significant reduction in number of seizures. In
children who did not have a considerable decrease in seizures, an improvement
in quality of life was observed and the number of antiepileptic drugs could be
reduced [35]. Dressler et al. [36] and Tian et al. [37•] demonstrated that KD is
effective in the control of SE in patients with Dravet syndrome. In our study,
four of five patients with status epilepticus responded well to the diet and did
not repeat the event [35]. In two animal models, one for Dravet syndrome and
one for generalized epilepsy with febrile seizures plus (GEFS+), the effectiveness
of the diet in refractory patients with SCN1A mutations was shown [38].

Lennox-Gastaut syndrome is another epileptic encephalopathy character-
ized bymultiple seizure types, of which in SE tonic and absence seizures are the
most typical. In our series of 15 patients who stayed on the diet for at least
18 months, half showed a more than 50% reduction in seizures, and 20%
achieved seizure freedom [39].

Patients with migrating focal epilepsy of infancy may develop focal or
multifocal RSE with typical electroclinical manifestations for which the KD in
our experience is a good option that could be used earlier in the treatment as
shown in our series of three patients, of whom two responded well. This
particular type of focal status epilepticus may be convulsive or non- convulsive:
The convulsive form may include myoclonic jerks [40].

FIRES is a severe epileptic encephalopathy associated with SRSE in
patients without epilepsy or a relevant preexisting neurological disorder.
Different treatment strategies have been proposed for this condition, but
clinical outcomes are poor. Different studies have shown high responder
rates in patients with FIRES [21, 26••, 28, 29•, 41]. In FIRES, the types
of SRSE are often focal or nonconvulsive with altered consciousness
[29•]. In our series of 12 patients with FIRES, two patients were treated
with the KD in the acute phase. One had a good and sustained response
with a 50–75% seizure reduction and the other had a seizure reduction
of less than 50% [41].

The use of the KD in RSE/SRSE

There are no clear guidelines for the use of the KD for the treatment of RSE/
SRSE. Nevertheless, over the years, experience with the use of the KD in the ICU
has been growing [8, 9, 17••, 18••, 19••, 20••, 21••, 22••, 23••, 24••, 25••,
26••, 27••, 28••, 29••].

When using the diet in patients with RSE and SRSE, conditions specific to
critically ill patients may complicate the treatment, such as the impossibility of
enteral feeding, the concomitant use of steroids, preexisting acidotic states, and
a lack of dieticians with expertise in ketogenic formulations [26••].

Contraindications to start the enteral KD in patients with RSE are: Known
fatty acid oxidation disorder or pyruvate carboxylase deficiency, unstable met-
abolic condition, hemodynamic or cardiopulmonary instability, inability to
tolerate enteral nutrition, ileus and liver failure, total cholesterol 9 300 mg/dL,
coagulopathy, concurrent hemodialysis or plasmapheresis, and exposure to
propofol within the previous 24 h [17••].
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The KD is generally initiated at a low ratio (around 2–3:1 in enteral and 1:1
in parenteral KD administration) and then gradually increased to a 3–4:1 ratio.
Initially, the amount of calories administered through the KD is restricted to
one third of the estimated energy needs (75% of recommended dietary allow-
ance) and is subsequently increased by one third every 1–3 days to the full
estimated energy needs to prevent hypertriglyceridemia or hyperamylasemia
induced by a high intake or infusion of lipids [26••, 29•].

It is important to control if dextrose is removed from all fluids and medica-
tions, for example antiepileptic drugs and saline, with assistance from the
hospital pharmacists [26••, 29].

In the study by Farias-Moeller et al., no difference was found between fasted
and non-fasted patients. Patients who respond to the diet can be weaned off
anesthetic infusions between 7 and 10 days [26••].

In certain cases, the diet is useful to resolve the SE and improve the general
state of the patient to facilitate other treatments. In one of our patients, an infant
boy with hemimegalencephaly and SRSE, the diet was started with good
response and hemispherectomy could be performed.

Up to now, the youngest patient with SRSE that was safely treated with the
KD was a 9-week-old infant in a neonatal ICU [24].

Effectiveness of the KD in RSE/SRSE

In patients with RSE and SRSE, the effectiveness of the KD may be difficult to
evaluate due to the simultaneous use of other therapies, such as pharmacologic
coma, different AEDs, and immunotherapy [29]. Nevertheless, in different
pediatric series evaluating the diet, a success rate of around 75%was found (see
Table 1).

When dietary therapy was successful, it worked within 7–10 days [7, 25, 27,
42].

Adverse effects and tolerability of the KD in RSE

Adverse events of KD therapy in RSE include aspiration pneumonia, gastro-
esophageal reflux, gastrointestinal symptoms, hypertriglyceridemia, metabolic
acidosis, hypoglycemia, hyponatremia, kidney stones, elevated liver enzymes,
and weight loss [17••, 28]. The adverse effects are usually mild and transient
andmay be resolved using symptomatic treatment. They rarely lead to the need
to discontinue the diet.

In a prospective multicenter study of adult patients with SRSE, metabolic
acidosis was found to be the most notable KD-related adverse effect. Monitor-
ing of this condition and aggressive bicarbonate supplementation is important
[17••].

Another common complication is hypoglycemia and therefore frequent
glycemia monitoring is required. To correct hypoglycemia, an intravenous
glucose bolus should be used, as continuous infusionwill interrupt ketosis [43].

In critical-care patients, gastrointestinal disorders are common due to long-
term treatment with intravenous anesthetic drugs, immobility, decreased bowel
movements, and prolonged mechanical ventilation. Prevention and treatment
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of gastrointestinal disturbances is important as they may complicate KD ad-
ministration [28].

In the study by Park et al., seven out of nine patients discontinued the diet
because of adverse effects, even though the KD was successful in treating the
seizures. Therefore, patients should be closely monitored for adverse events and
when recognized rapid intervention is necessary to maintain the diet [28].

Timing of diet initiation

Overall, there is heterogeneity regarding timing of implementation of KD, time
to ketosis, and clinical outcomes [15]. Currently, the KD is initiated late in the
course of the disease at a mean of 24 days [8, 23–26]. In the study by Farias
Moeller et al. a growing trend towards earlier consideration of the KD in the
treatment algorithm for RSE/SRSE was observed, from 28 days after SRSE in the
first part of the study to an average of 14.8 days in the second half [26••].

Park et al. suggested the KD could be considered 48 h after anesthetic agents
are withdrawn or tapered and seizures recur, there are active bowel movements,
and there is no evidence of active respiratory tract or systemic infection [28].

Peng et al. [29] found that outcome was better in patients with FIRES when
the KD was started within 15 days after SRSE onset. As the KD has shown to
work particularly well in certain epileptic syndromes, it may be hypothesized
that in certain etiologies, the KD should be started earlier in the course of the
RSE/SRSE.

Possible mechanisms of action of the KD

Although the underlying mechanisms are still unclear, the KD has shown to
have anticonvulsant and neuroprotective as well as anti-inflammatory proper-
ties [17••, 44]. The diet mimics the fasting state which leads the body to start
using fats instead of carbohydrates as the primary energy source. The most
important feature of the KD is the production of ketone bodies by the liver [45].

The KD is potentially involved in multiple pathophysiologic mechanisms,
such as neurotransmitter systems, including gamma-aminobutyric acid, gluta-
mate, and adenosine, responsible for neuronal hyperexcitability, ion channel
modifications, glucose level changes, and mitochondrial changes [45].

Additionally, it was demonstrated how polyunsaturated fatty acids (PUFAs)
through the diet may have anticonvulsant effects in patients with refractory
epilepsy due to ion-channel diseases, particularly in those related to voltage-
gated sodium and potassium channels. PUFAs are not a typical component of
the KD and therefore are considered the result of endogenous production and
export into the circulation [46].

Regarding the ion-channel related mutations in the SCN1A gene encoding
the α1 subunit of the voltage-gated sodium channel are found in between 70
and 80% of patients with Dravet syndrome and in some families with genetic
epilepsy with febrile seizures plus [47]. These findings may explain the good
response of these patients to the KD [35].Other epileptic encephalopathieswith
myoclonic SE, such as myoclonic status epilepticus in non-progressive epileptic
encephalopathies associated with the SCN8A gene, have also been found to
respond well to the KD, supporting the ion-channel-related mechanism [32•].
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It is currently believed that most probably a combination of different
mechanisms finally contributes to the antiseizure effect of the KD [45].

Parental administration of the KD

Most of the patients with RSE and SRSE can be treated with the classic ketogenic
formula through a nasogastric tube; however, intravenous administration has
also been used.

When enteral KD therapy is impossible due to multiple medical therapies,
such as anesthetic agents, or the clinical status of the patient, who may have
intestinal dysmotility, malabsorptive status, and/or perfusion abnormalities,
parenteral administration of the KD may simplify access to this treatment.
Furthermore, children with seizures may develop intolerance to enteral feeding
and could benefit from short- or long-term parenteral KD [48].

Two of seven patients with FIRES in the study by Peng et al. [29] who
required bowel rest due to upper gastrointestinal hemorrhage or gastroplegia
received the KD via parenteral nutrition. They were subsequently successfully
converted to the enteral diet.

We recently studied three patients who had been on the KD because of
epilepsy of infancy with migrating focal seizures, who were acutely unable to
absorb nutrients through the intestinal tract because of appendicitis and intes-
tinal bleeding—that were unrelated to the diet—and required complete bowel
rest. In all three children, seizure control was maintained when transitioning
from enteral to parenteral nutrition and also when switching back from par-
enteral to enteral nutrition [49]. Therefore, parenteral KD therapy may also be
useful as a temporary bridge towards the enteral KD [48].

There are currently no official guidelines for the use of the parenteral use of
the KD. Nevertheless, Dressler et al. have recently developed an algorithm based
on the guidelines of the European Society for Paediatric Gastroenterology,
Hepatology and Nutrition (ESPGHAN) to standardize calculation of the indi-
vidual components of parenteral KD therapy. Although in half of the patients in
this series ketosis was lower than on the oral KD, seizures remained controlled.
[50•].

Discussion

Over the past years, there has been an increasing role for dietary therapy in the
treatment of refractory focal as well as generalized status epilepticus.

For adequate decision-making regarding the use of dietary treatment in
patients with RSE, not only the etiologies, but also types of epilepsy and
epilepsy syndromes as well as electroclinical features should be considered.

Different types of refractory status epilepticus are likely to respond to the KD,
such as refractory simple or complex focal and sometimes generalized status
epilepticus, the pure form of myoclonic status epilepticus, and non-convulsive
or electrical status epilepticus (epileptic encephalopathies).

Up to now, different series of pediatric patients have been reported [18–29]
(see Table 1) with the youngest patient being 9 weeks of life [24].

In 2014 in our first study on the use of the KD in patients with RSE [39], we
reported 10 patients aged 2 to 9 years (mean 5 years) who had simple or
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complex focal RSE and were placed on the KD. The patients mainly had
repetitive and nearly continuous focal status epilepticus refractory to the con-
ventional protocol treatment of SE.

Patients with FIRES seem to be particularly good candidates for KD therapy,
and the diet should be considered early in the treatment protocol in these cases
[41, 42]. Peng et al. [29] found that those in whom RSE duration was less than
15 days before KD initiation had a better prognosis.

The KD has shown to be a good treatment option for patients with
myoclonic-astatic epilepsy [51]. We published two children with refractory
myoclonic SE who demonstrated a good response to the KD in terms of
reduction of seizure frequency and tolerability [30].

Furthermore, many epileptic encephalopathies are associated with non-
convulsive or electrical status epilepticus pointing to a role for dietary treat-
ments. The use of dietary treatment should be considered earlier in the man-
agement of the patient with this type of electroclinical status epilepticus [5]. An
example is Lennox-Gastaut syndrome, one of the epileptic encephalopathies
with a good response to the KD. In patients with LGS who develop non-
convulsive RSE, dietary therapy should be considered [39].

Recent studies suggest that the diet may be useful in refractory myoclonic
status epilepticus as well [30]. The diet was found to be effective in the control
of status epilepticus in patients with Dravet syndrome, associated with febrile,
mainly generalized motor status, myoclonic SE, and the obtundation state [36,
37•].

In patients with migrating focal epilepsy of infancy, the KD could also be a
good option earlier in the management. In this specific epileptic syndrome, the
characteristic manifestations lead to frequent hospital admissions due to re-
current SE [40, 49].

Patients with SRE/SRSE in the intensive care unit are exposed to prolonged
anesthetic drug therapy, mechanical ventilation, and multiple AEDs, all of
which may increase risk of infection or multiorgan dysfunction. The KD is
therefore a welcome treatment option in the management of these patients
reducing seizures and facilitating weaning from mechanical ventilation. Addi-
tionally, the safety profile of the KD favorably compares to the toxicity of
anesthetic and antiepileptic drugs these children receive in the ICU setting [23].
Nevertheless, dietary therapy in these patients is a challenge due to the vari-
ability of the etiologies and electroclinical features as well as the clinical com-
plications associated with the young age of most children. If possible, the
underlying etiology of the RSE/SRSE should be determined and, in the absence
of a contraindication, the KD could be considered in earlier in the treatment
algorithm.

The KD for RSE/SRSE should be implemented by a multidisciplinary team,
consisting of a dieticians, clinical nutritionist, pharmacist, neurologist, and
intensivists. Members of the intensive care team should be trained in the diet,
taking into account the special features related to critically ill patients, and be
willing to stop antiepileptic drugs during the time the diet needs to work (7–
10 days).

A tailored approach is necessary for each individual patient. A crucial aspect
is to define the adequate time to initiate the diet in patients with RSE/SRSE.
Patients who responded to the diet should be followed-up in the outpatient
setting. The diet should not be started if it cannot be continued. [42].
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The use of diets as emergency treatment is a future challenge in the man-
agement of the patient with RSE/SRSE with an important impact of cost-
effectiveness. Guidelines are necessary as the implementation of the diet can be
complicated by the already complex treatment regimens of critically ill patients.
Furthermore, additional research for the use of enteral and parenteral KD
therapy is required as most studies published up to now are single center and
retrospective, with a possible selection bias.

Conclusions

When patients with RSE or SRSE do not respond to the treatment algorithm of
benzodiazepines, IV AEDs, and anesthetics, the KD may be an effective and
tolerable option.

In the absence of a contraindication, the KDmay be considered earlier in the
treatment algorithm.

It is important to be aware that there is a special group of patients with
epileptic encephalopathies in whom the non-convulsive RSE is subtle and
difficult to recognize on EEG and EEG polygraphy. In these patients, the diet
should be considered early in the course of treatment.

Considering the beneficial effect and taking into account the potential of
dietary therapy in RSE/SRSE, the development of a consensus to optimize its use
in patients with epilepsy in critical care would be important. There is a need for
randomized controlled trials to confirm timing of diet initiation and the best
candidates for the use of the KD in RSE and SRSE.
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