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Background: A ketogenic diet (KD) may have a role in treating patients in super-refractory status epilepticus
(SRSE). Sodium-glucose cotransporter 2 (SGLT2) inhibitors have a risk of ketoacidosis that could facilitate induc-
tion of KD.
Case summary: A 42-year-oldwith a history of drug resistant epilepsy developed SRSE requiring several pharma-
cological interventions during her hospital course including the initiation of KD that failed. SGLT2 inhibitor ther-
apy was initiated in a successful attempt to augment ketone production.
Conclusion: SGLT2 inhibitors may have a therapeutic value in SRSE patients who cannot achieve ketosis with KD
alone.

© 2018 The Authors. 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/).
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1. Introduction

Super-refractory status epilepticus (SRSE) is defined as status epi-
lepticus (SE) that continues for more than 24 h despite general anes-
thetic agents, including recurrent SE upon reduction or withdrawal of
anesthesia [1]. SRSE carries a high risk of morbidity and a highmortality
rate ranging from 23 to 57% [2, 3]. Current SE guidelines only offer phar-
macological recommendations likely due to the lack of evidence for ini-
tiating other therapies for refractory status epilepticus [4]. The optimal
management of SRSE is unknown, but a growing body of evidence sug-
gests that initiating a KD in these patients may be effective in terminat-
ing SE [5–12]. The KD is a high fat, low carbohydrate, sufficient protein
diet that mimics a starvation state provoking fat metabolism for energy
and ketone body production. Diet modification therapies including KD
and Modified Atkins Diet can be effective and safe when used as an ad-
junct therapy for patients with epilepsy, regardless of their age [13].

Sodium-glucose cotransporter 2 (SGLT2) inhibitors are a relatively
novel class of oral glucose-lowering therapies for managing type 2 dia-
betes. SGLT2 inhibitors control glucose levels by preventing reabsorp-
tion of glucose at the proximal renal tubules thereby enhancing
urinary glucose excretion. This insulin-independent mechanism of gly-
cemic control creates a reduction in circulating insulin and increased
an).
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glucagon levels. As a result, a metabolic shift towards lipolysis and he-
patic ketogenesis may occur leading to ketoacidosis that is often
euglycemic in nature [14]. One of several risk factors for SGLT2 inhibitor
related ketoacidosis is low carbohydrate intake [14–18]. We present a
case with a patient in SRSE who experienced an inability to sustain ke-
tosis with KD alone, but after the addition of an SGLT2 inhibitor, consis-
tent ketosis was achieved.

2. Case

A 42-year-old female with a long standing history of drug resistant
epilepsy in the setting of cerebral palsy. Based on previous records,
her seizures were only described as her waking up with tongue trauma
and bladder or bowel incontinence, but were overall controlled with
phenytoin monotherapy. Previous work-ups have included an MRI of
her brain with and without contrast which was reportedly negative in
her early tomid-thirties. A routine EEGwas abnormal due to continuous
background and generalized theta slowing and the occurrence of fre-
quent, nearly continuous atypical absence seizures.

She developed refractory SE after transitioning from phenytoin to a
combination of levetiracetam and lamotrigine because of concern of
phenytoin associated long-term side effects. She presented to anoutside
hospital with clusters of breakthrough seizures in the setting of
hyponatremia, hypoglycemia, and subtherapeutic serum levetiracetam
levels. Intravenous levetiracetamwas loaded and her outpatient dosage
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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was continued with the addition of intravenous lacosamide. The
patient's seizures initially improved for several days before reverting
back to refractory SE. She was intubated, sedated with propofol, and
loaded with fosphenytoin. A bedside electroencephalograph (EEG)
was performed off propofol and interpreted as an onset of rhythmic
1–2 Hz sharp activity emanating from the right fronto-temporal region
synchronous with observed rhythmic left jaw twitching, then limb
twitching, and finally lower extremity twitching. This soon became bi-
lateral synchronous polyspike-like discharges confirming refractory SE
at which time propofol was restarted. She was transferred to our level
4 Comprehensive Epilepsy Center for further evaluation and treatment.

While monitored with continuous video-EEG, the patientwasmain-
tained on scheduled fosphenytoin, lacosamide, levetiracetam, and con-
tinuous propofol. An MRI of her brain reported advanced, diffuse
cerebellar atrophy, but no acute intracranial process. After four days of
maintaining burst-suppression, attempts to wean propofol led to recur-
rent SE associated with facial twitching. This was associated with
electrographic changes over the vertex and posterior head regions. De-
spite increasing lacosamide and maintaining optimized serum phenyt-
oin levels, she failed to wean from propofol over the next week
prompting the addition of a continuousmidazolam infusion tomaintain
burst-suppression.

Over the nextmonth,multiple anti-seizure drugs, including a trial of
ketamine, were added without significant improvement. Despite these
interventions, SRSE returned with every propofol or midazolam wean
attempt. As a result of propofol-induced hypertriglyceridemia andmid-
azolam tachyphylaxis, a pentobarbital infusion was started to replace
the latter two infusions. Moreover, failure to wean off these tertiary
SRSE therapies lead to an enrollment in a phase II trial evaluating
allopregnanolone for SRSE treatment. However, the patient never re-
ceived, nor was exposed to allopregnanolone as it was later halted and
not initiated due to study closure [19].
Fig. 1. Serum beta hydroxybutyrate and glucose levels recorded over time (days) during KD. S
representedwith black dotted line. Serum beta hydroxybutyrate levels plotted from right y-axis
inhibitor introduced on day 16 post KD represented by the black diamond with ketosis occurin
black square on day 33 post KD with subsequent normalization of beta hydroxybutyrate.
Approximately 12 weeks after unsuccessful attempts to control the
patient's SRSE without infusions of anesthetic agents, the ketogenic
diet was initiated with daily monitoring of serum beta hydroxybutyrate
(BHB) and serum glucose levels (Fig. 1). The patient was placed in a
fasting state for 24 h prior to starting KD. KetoCal® 4:1 was started
with a goal of 1780 kcals per day which consisted of 175.5 g (g) of fat,
36.5 g of protein, and 20.5 g of carbohydrates. All dextrose containing
intravenous admixtures were changed to normal saline and enteral so-
lutions were adjusted to minimize carbohydrate intake.

After about aweekwithout consistent ketosis, hermacronutrient in-
take was adjusted to account for themetabolic impact of 40% propylene
glycol additive in pentobarbital [20]. KetoCal® 4:1 was reduced to 1068
kcals per day and the remaining nutritional goal was corrected with en-
teral medium chain triglyceride (MCT) oil. Over the next week, inter-
mittent elevation in serum BHB occurred, but sustained ketosis was
not achieved.

16 days after starting KD, dapagliflozin (SGLT2 inhibitor) 10 mg
daily via nasal gastric tube was added in attempt to augment ketone
production while maintaining euglycemia. After one week, the patient
entered a consistent state of ketosiswhich allowed the pentobarbital in-
fusion to beweaned off for the first time in 65 days.With the absence of
propylene glycol, theMCT oil was discontinued and the original KD for-
mula was resumed.

Despite undetectable serum pentobarbital levels 72 h after its dis-
continuation, the patient remained severely encephalopathic. Ten days
after pentobarbital discontinuation, SRSE returned prompting reintro-
duction of propofol, lorazepam, and eventually pentobarbital infusions.
This occurred despitemaintaining ketosis during this time. Shortly after
lorazepam infusion began, ketosis was lost likely due its high propylene
glycol content. A multidisciplinary discussion took place resulting in a
final decision of comfort care. The patient expired after 120 days of
SRSE management summarized in Fig. 2.
erum glucose plotted from the left y-axis values with 70mg/dL (hypoglycemia threshold)
valueswith 0.6 mmol/L (upper limit of normal) representedwith grey dashed line. SGLT2
g in 7 days. Initiation of lorazepam infusion (propylene glycol source) is represented by a



Fig. 2. Representation of SRSE interventions over 121 day course in the neuroscience intensive care unit. Tertiary anesthetic agents were used including pentobarbital titrated for burst
suppression starting on day 40. Several pentobarbital weaning attempts are noted with black diamonds with eventual discontinuation on day 105 following consistent ketosis
obtainment. Pentobarbital was resumed on day 119 due to relapse of SRSE.
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3. Discussion

KD for seizure controlwasfirst described in the literature in 1921 yet
the exact mechanism is unknown and seems to be complex [21, 22]. Al-
though KD ismore commonly used for drug resistant epilepsy primarily
in children, it is emerging as an adjunctive treatment option for adult
patients in SRSE. One challenge for treating patients in SRSE who do
not respond to pharmacological therapy is that there are no current
guidelines that recommend the use or specify the timing of KD.

The ability of KD to control SRSE has been reported in several case re-
ports, small case series, and a small prospectivemulticenter trial [5–12].
A retrospective case review of 10 patients from 4medical centers utiliz-
ing KD for SRSE described a 90% ketosis obtainment with SE resolution
[11] Themedian time to KD initiationwas 21.5 days and the time to ke-
tosis ranged from one to seven days (median of three days). Minimal
side effects were reported including increased triglycerides in two pa-
tients and acidosis in one patient. More recently, Cervenka and col-
leagues performed a prospective multicenter observational trial to
investigate the feasibility, safety, and efficacy of KD for SRSE [12]. Fifteen
patients were enrolled and all patients achieved ketosis. The median
time to KD initiation was ten days and the time to ketosis ranged from
0 to 16 days (median of two days). SRSE resolved in 73% of patients
with minimal side effects. The authors concluded that this study pro-
vided preliminary evidence that KD is a feasible, safe, and effective ad-
junctive treatment for SRSE management with the need for
comparative randomized placebo-controlled trials to assess outcomes.
Combining the two previously described studies, the median time to
initiate KD after SRSE onset was only 17 days with a range of 2–60
days [11, 12]. The one patient who failed to achieve ketosis in these
studies did not undergo KD initiation until day 60.

Our casewas challenging in that consistent ketosis was not achieved
after more than two weeks of KD despite multidisciplinary efforts to
limit carbohydrate intake. It is unknown why this patient was resistant
to KD, but several exogenous factors may have contributed. One
possibility is that delaying initiation of KDmay allowmetabolic changes
that delay induction of ketosis. For our patient, KD was not initiated
until 82 days after admission. This delaymay have allowed for accumu-
lation of glycogen storage postponing fat-dependent metabolism.

Another potential factor for delayed ketosis involves propylene gly-
col which is typically used as a solvent for several intravenous medica-
tions including benzodiazepines and pentobarbital. The patient
described above underwent a prolonged pentobarbital infusion with
significant amounts of propylene glycol which may have provided an
energy source contributing to delayed ketosis. This significant exposure
to a propylene glycol energy source may have factored into delayed ke-
tosis. Additionally, there remains thepossibility that unrecognized addi-
tives were given that may have negatively impacted induction of
ketosis. Despite the lack of human studies investigating propylene gly-
col on delaying ketosis, there is a wide array of literature within the cat-
tle industry outlining the successful use of propylene glycol as a
treatment for ketosis. For example, Jenkins and colleagues demon-
strated that cows with subclinical ketosis were likely to be cured after
treatment with propylene glycol [24].

After exhausting multiple treatment modalities and considering the
patient's severity of illness, we decided to initiate an SGLT2 inhibitor in
an attempt to augment ketogenesis given that we were not able to
achieve sustained ketosis with the KD alone. SGLT2 inhibitors have the
potential to induce significant ketosis as demonstrated by a large claims
database analysis concluding about a two-fold risk of developing
ketoacidosis with a rate of 4.9 vs 2.3 events per 1000 person years
[15]. In 2015 the Food and Drug Administration released a drug safety
communication regarding the potential risk for ketosis with SGLT2 in-
hibitors and reports have highlighted increased risk when combined
with a low carbohydrate diet [14–18, 23]. In a small (N= 23) random-
ized open-label exploratory study, Yabe and colleagues evaluated ke-
tone production in Japanese diabetic patients receiving luseogliflozin
(SGLT2 inhibitor) 2.5 mg while consuming 55% of total energy source
from carbohydrates compared to 40% (low carbohydrate arm) [18].
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Participants were started on their protocol diet for 14 days with SGLT2
inhibitor initiation on days 8–15. Blood samples were drawn on day 1,
8 and 15 to assess ketone production. Ketone bodies on day 15 (7
days after SGLT2 inhibitor initiation) were significantly higher in the
low carbohydrate group. The authors concluded that strict low carbohy-
drate consumption while on SGLT2 inhibitors should be avoided due to
increased risk for ketoacidosis.

To our knowledge, this is the first SRSE patient that achieved consis-
tent ketosiswithin 7 days post SGLT2 initiationwhile onKDwithout hy-
poglycemic events (Fig. 1). Although SGLT2 inhibitors do not directly
induce hypoglycemia, serum glucose should be monitored closely as
KDalone can lead to hypoglycemia [14]. An obvious limitation in this re-
port is the lack of any control group and therefore, it is uncertain
whether the addition of an SGLT2 inhibitor augmented ketone produc-
tion or if consistent ketosis was from KD and more time alone. As such,
use of SGLT2 inhibitors for this indication should be reserved for pa-
tients who do not readily achieve ketosis with KD alone. If data con-
tinues to support KD initiation for adjunctive treatment of SRSE, then
there may be clinical utility in formally evaluating the safety and effi-
cacy of SGLT2 inhibitor augmentation of KD and whether it leads to
faster ketosis and potentially faster SRSE resolution.
4. Conclusion

Despite recommendations to avoid low carbohydrate diets when
taking a SGLT2 inhibitors due to risk of ketoacidosis in normal circum-
stances, there could be therapeutic value in SRSE patients that are un-
able to achieve consistent ketosis with KD alone. Our case suggests
that initiation of a SGLT2 inhibitor is a safe adjunct that may augment
the production of ketones in patients on a KD. It remains to be shown
whether such intervention conclusively enhances ketone production
compared to KD alone and whether this impact has any effect on mor-
bidity ormortality in this critically ill population. In addition, the consid-
eration of early KD initiation should be contemplated when unable to
wean from general anesthetic therapies. By doing so, potential factors
that may delay ketosis can be identified and corrected in order to attain
the best outcome.
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