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The Fat Is in the Fire: Ketogenic Diet for Refractory
Status Epilepticus

Efficacy of Ketogenic Diet in Severe Refractory Status Epilepticus Initiating Fever Induced Refractory Epileptic
Encephalopathy in School Age Children (FIRES).
Nabbout R, Mazzuca M, Hubert P, Peudennier S, Allaire C, Flurin V, Aberastury M, Silva W, Dulac O. Epilepsia
2010;51(10):2033–2037.

PURPOSE: Fever induced refractory epileptic encephalopathy in school age children (FIRES) is a devastating condition
initiated by prolonged perisylvian refractory status epilepticus (SE) triggered by fever of unknown cause. SE may last
more than 1 month, and this condition may evolve into pharmacoresistant epilepsy associated with severe cognitive
impairment. We aimed to report the effect of ketogenic diet (KD) in this condition. METHODS: Over the last 12 years
we collected data of nine patients with FIRES who received a 4:1 ratio of fat to combined protein and carbohydrate KD.
They presented with SE refractory to conventional antiepileptic treatment. RESULTS: In seven patients, KD was efficacious within 2-4 days (mean 2 days) following the onset of ketonuria and 4-6 days (mean 4.8 days) following the onset
of the diet. In one responder, early disruption of the diet was followed by relapse of intractable SE, and the patient died.
Epilepsy affected the other six responders within a few months. DISCUSSION: KD may be an alternative therapy for
refractory SE in FIRES and might be proposed in other types of refractory SE in childhood.

Commentary
Status epilepticus has a high degree of long-term functional
poor outcomes, with mortality rates as high as 50% (1). Standard anticonvulsant treatments include benzodiazepines, phenytoin, and phenobarbital; newer agents include levetiracetam
and valproate (2). Unfortunately, status epilepticus can remain
refractory to these interventions, at times requiring anesthetics such as pentobarbital, midazolam, propofol, and ketamine
to achieve burst suppression (2). Yet even these treatments can
eventually fail, with patients experiencing persistent seizures
when they are weaned off general anesthesia. Sadly, few other
options are then available.
The ketogenic diet is a high-fat, low-carbohydrate
nonpharmacologic treatment for epilepsy (3). In continuous
use since 1921, over the past two decades, there has been
a dramatic resurgence in research and clinical interest in
this therapy, typically for children with intractable epilepsy.
There is a misperception that the ketogenic diet is universally
comprised of bacon, eggs, and heavy whipping cream. The
reality is that several all-liquid ketogenic formulas exist and
can be provided by a trained dietitian, typically for infants and
children with gastrostomy tubes (3).
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The study by Nabbout and her colleagues from five centers
in France and Argentina retrospectively examined their use of
the ketogenic diet for refractory status epilepticus caused by the
condition FIRES, (fever-induced refractory epileptic encephalopathy) in school age children (4). In this epileptic encephalopathy,
previously normal children aged 4 to11 years develop the abrupt
onset of typically refractory febrile status epilepticus without
a clear pathogen identified. The prognosis for epilepsy and
cognitive development is quite poor. Nine children, ages 5 to 8
years were treated with the ketogenic diet after from three to
six anticonvulsants used as long as 55 days had failed to control
their status epilepticus. One can only imagine the ketogenic diet
was perceived a last hope for survival for most of these children.
The ketogenic diet was started using various formulas
via nasogastric tubes, and glucose was removed from both
medications and intravenous fluids. Within a mean of 2.8 days,
all but one of these children developed ketonuria and, remarkably, seven of these eight children rapidly responded to the
ketogenic diet. The authors add details regarding one subject,
a 6-year-old boy, who became seizure-free but within hours
returned to status epilepticus after the ketogenic diet was
stopped by the intensivists who did not believe it was helping. He later died of his condition. All six successfully treated
children did develop sporadic seizures 1 to 6 months after
recovering from status epilepticus, not surprisingly.
Although this study is not the first to report the successful
use of the ketogenic diet for status epilepticus, it is the largest.
The first case report was only 2 years prior, from Bodenant

Ketogenic Diet in FIRES

Table 1. Studies Examining the Ketogenic Diet for Status Epilepticus to Date
Author (Year)

Subjects

Ages

Diet Used

Etiologies

Times To Response

Bodenant
(2008)

1

54 years

Ketogenic

Partial

7 days

Villeneuve
(2009)

5

1–10 years

Ketogenic

Cryptogenic (2), SturgeWeber, encephalitis, Ito
syndrome

1–10 days

Kumada (2009)

2

5 years

Modified Atkins

Frontal lobe, heterotopias

5 and 10 days

Wusthoff (2010)

2

29 and 34
years

Ketogenic

Rasmussen syndrome, head
trauma

4 and 8 days

Nabbout (2010)

9

5–8 years

Ketogenic

FIRES

4–6 days

and colleagues, also from France (5). Three other retrospective studies, including adults as well as children, the modified
Atkins as well as the ketogenic diet, and other etiologies, have
since followed (6–8). All five reports share a common finding
of success within 10 days when present (see Table).
Now is the time for a prospective study of the ketogenic
diet for refractory status epilepticus. There are several reasons
why this treatment is a logical option for these patients. First,
the ketogenic diet has a long track record of success for very
refractory epilepsy. Second, all patients in status epilepticus for
days will need to have adequate enteral nutrition established,
so switching their formula to a ketogenic one is very feasible. In
addition, evidence suggests that the ketogenic diet works very
rapidly, in one retrospective study within a median of 5 days of
diet onset (9). As a nonpharmacologic therapy, the ketogenic
diet also does not have any known interactions with antibiotics
or anticonvulsants. Lastly, some evidence would suggest a possible anti-inflammatory action, which may explain its success
specifically for status epilepticus caused by encephalitis (10).
This approach does have limitations that need to be addressed in further trials. Dietitians need to be not only immediately available to start the diet in an emergency, but also familiar
with the ketogenic diet and its adverse effects. These short-term
side effects include acidosis, hypoglycemia, weight loss, and
gastroesophageal reflux, which can obviously complicate the
care for a critically ill patient (3). Adequate nutrition needs to be
assured, and at present this therapy is limited to patients who
can receive it via gastric or nasogastric feeding tubes. If successful, continued provision of the diet can be arranged upon discharge from the intensive care unit and eventually the hospital.
Availability of ketogenic formulas and dietitians might limit this:
the diet should not be started if it cannot be continued.
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