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The ketogenic diet (KD) may have a role in treating super-refractory status epilepticus (SRSE).
Predominantly used in paediatric epilepsy, there are few reports of its use in adults. We describe a 19-
year-old man with UBE2A deficiency syndrome, drug resistant generalized epilepsy, and severe intellec-
tual disability, who developed SRSE. Initiation of the KD on day 81 of his intensive care unit stay and
achieving a state of ketosis seven days later resulted in SRSE resolution and discharge from hospital
and recovery to his normal cognitive state. Initiating the KD required a multidisciplinary team for diet
initiation and carer education. The KD requires a prospective study of efficacy for SRSE and this should
include adult patients.
� 2021 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Super-refractory status epilepticus (SRSE) is defined as status
epilepticus that continues in spite of standard first and second line
anti-seizure treatments, and at least 24 hours of anaesthesia, or
upon withdrawal of anesthesia.[1] UBE2A deficiency, first
described in 2006[2] causes an X-linked moderate to severe intel-
lectual disability, genetic generalized epilepsy, speech impairment,
dysmorphic facial features and skin abnormalities.[3] Ubiquitin
conjugating enzyme E2A is involved in the ubiquitin protease
pathway, post-replication DNA damage repair and regulation of
transcription. How its deficiency causes epilepsy has yet to be elu-
cidated.[4,5]
2. Case presentation

A 19-year-old man with a background of surgically corrected
coarctation of the aorta and a ventricular septal defect, severe
learning disability and drug-resistant generalized epilepsy pre-
sented with SRSE. During his admission, whole exome sequencing
revealed the cause of his intellectual disability and epilepsy to be
UBE2A deficiency syndrome caused by a p.Asp101del mutation.
At presentation, he had not experienced tonic-clonic seizures for
some years and had never experienced status epilepticus before.
His usual seizure types were daily absences and myoclonus, a
few tonic seizures per week and rare tonic-clonic seizures. He
was fully ambulatory but used a wheelchair when outdoors due
to his tonic attacks and refusal to wear a helmet. His behavior
could be challenging and obstinent. He lived with his family and
communicated using signing (Makaton) and single words. He
was taking lamotrigine, levetiracetam, clobazam and zonisamide.
Sodium valproate had been tried but discontinued because of
aggression. He had a vagus nerve stimulator (Model 106, Aspire
SR; LivaNova) and used buccal midazolam as a rescue anti-
seizure medication. Brain MRI had been performed at 19 months
and 18 years. These demonstrated numerous non-progressive sub-
cortical and periventricular white matter T2 hyperintensities, a
1.3 cm complex pineal lesion and progressive cerebral and cerebel-
lar atrophy.

He was admitted to our hospital in generalized tonic-clonic sta-
tus epilepticus. He was treated in the intensive care unit with
intravenous valproate loading, followed by intubation and sedation
with midazolam, propofol and later thiopental, (Fig. 1) in order to
cause burst-suppression on EEG. Chest x-ray and sputum cultures
confirmed a community acquired pneumonia. Extensive investiga-
tion, including screening for an alternative infection, brain imaging
(both CT and MRI) and CSF analysis were unremarkable.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ebr.2021.100456&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ebr.2021.100456
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:christopher.allen2@nuh.nhs.uk
https://doi.org/10.1016/j.ebr.2021.100456
http://www.sciencedirect.com/science/journal/25899864
http://www.elsevier.com/locate/ebcr


Fig. 1. Treatments used during intensive care admission. Anti-seizure medication and anesthetic agents used during intensive care unit admission.
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Each time sedation was reduced, he continued to have either
generalized tonic or tonic-clonic seizures or generalized epilepti-
form activity on EEG, fulfilling the definition of SRSE. Phenytoin,
rufinamide, acetazolamide and methylprednisolone were tried
without success. On day 81 of his admission, as there had been
no resolution of his SRSE a classic ketogenic diet (KD) was initiated.
Seven days later he reached a state of ketosis; a mean ketone
concentration � 2 mmol/L (Fig. 2) and a reduction in seizure fre-
quency was seen clinically and confirmed using EEG. All convulsive
seizures ceased though absences and rare tonic seizures remained.
Intravenous midazolam infusion was weaned and he regained con-
sciousness. Initiating the KD required a multidisciplinary team to
provide prolonged intensive care, specialized nutritional advice,
gastrostomy tube placement, care-giver education, and screening
of prescription medications for suitability. Weaning from his tra-
cheostomy was prolonged due to acquired critical illness polyneu-
ropathy. On day 196 he was discharged from the intensive care
unit to the neurology ward. He was successfully discharged to a
supported living facility on the KD and has remained compliant
Fig. 2. Maximum daily Glasgow Coma Score and average ketone concentration during int
during intensive care admission displayed against the average ketone concentration (re
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via his gastrostomy. The only long-term consequence was leg
weakness due to polyneuropathy. A further episode of pneumonia
18 months later led to clusters of tonic seizures over 72 hours that
were rapidly controlled with intravenous valproate. At two years
he has remained free of generalized tonic-clonic seizures but had
occasional absences persist. He remains on a higher number of
anti-seizure medications than at baseline. Attempts to reduce his
polypharmacy are planned to be undertaken in future if there is
sustained stability. He returned to his baseline cognitive state.
3. Discussion

The first published use of the KD in an adult with SRSE was in
2008[6] and following several promising case series, a small
(n = 15) prospective multicenter trial was performed in the United
States.[7] This showed 79% of those completing the KD achieved
resolution of SRSE, although mortality in this group was still 33%.
The KD does not contribute to hemodynamic instability seen with
anesthetic agents. There may be additional neuroprotective bene-
ensive care admission. The maximum Glasgow Coma Score (blue) achieved each day
d).



Christopher Martin Allen, Christiana Avye Hall, Naomi Elizabeth Cox et al. Epilepsy & Behavior Reports 16 (2021) 100456
fits related to improved mitochondrial function due to increased
energy reserves combined with decreased production of reactive
oxygen species.[8] Contraindications include propofol infusion for
anesthesia,[9] carnitine or pyruvate carboxylase deficiency, a defi-
ciency of fatty acid metabolism and porphyria. Relative contraindi-
cations include inability to maintain adequate nutrition and a
surgical focus identified by neuroimaging.[10] A KD trained dieti-
tian is needed for initiation and long-term monitoring. Input from
a pharmacist is required. Many medicines, such as potassium sup-
plements, contain enough carbohydrate to prevent ketosis.

The use of whole exome sequencing detected UBE2A deficiency
syndrome in this case. The mechanism that links its deficiency to
epilepsy has yet to be elucidated. We speculate that KD may have
worked in this case by improving mitochondrial function as UBE2A
deficiency impairs the clearance of dysfunctional mitochondria.[4]

The KD is now included in several adult SRSE treatment algo-
rithms [1,11,12] despite the current lack of evidence. This uncom-
mon condition has a high mortality and further prospective studies
are required to advance our understanding of available treatments.
In our case, adjunctive use of the KD led to an immediate and sus-
tained recovery of a critically ill patient with a favourable outcome.

4. Conclusion

The ketogenic diet, as part of polytherapy, successfully treated
our patient with UBE2A deficiency syndrome and SRSE. We pro-
pose it should be considered as an option for other patients with
treatment resistant epilepsy secondary to UBE2A deficiency syn-
drome. Additional prospective trials may support its efficacy in
the treatment of adult convulsive super-refractory status epilepti-
cus associated with UBE2A.
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