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A [9-year-old woman with glucose transporter type | deficiency syndrome (GlutIDS) treated with ketogenic diet therapy
(KDT) became pregnant. Her pregnancy included close monitoring of her diet as well as the fetus. Shortly after delivery, a lumbar
puncture was performed followed by confirmatory genetic test diagnosing the neonate with Glut|DS. The neonate was placed
on KDT and has been maintained on diet since infancy. The child is now 5 years of age, asymptomatic, and excelling develop-
mentally. This case presents 2 management challenges, that of a patient with GlutIDS during pregnancy followed by managing
a neonate on KDT with minimal guidance available in the literature due to the relative rarity of the condition and this unique

situation.
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Introduction

Glucose transporter type 1 deficiency syndrome (GlutlDS),
also known as De Vivo disease, is a rare genetic disorder result-
ing in impaired brain metabolism. The Glutl-transporter is the
primary receptor responsible for transporting glucose across
the blood-brain barrier. Glucose cannot be transported into
the brain resulting in a lack of energy for the brain to support
both growth and function. A mutation in the SLC2A1 gene is
responsible for this and results in varying severity of symp-
toms." These symptoms most commonly include uncontrolled
seizures but also present as deceleration of head growth,
global developmental delay, complex movement disorders,
and paroxysmal events triggered by exercise, exertion, or
fasting.? Glut1DS is a relatively new disease first described in
1991.% As a result, there has been very little data on the manage-
ment of Glut1 DS during pregnancy, the neonate period, and the
first few years of life. The purpose of this is to report on the
experience of managing GlutlDS with ketogenic diet therapy
(KDT) in an adolescent pregnant female as well as the KDT
treatment of her newborn with postnatal diagnosis of
GlutlDS at 12 days of life. Glut1DS is treated with KDT and
should be initiated as soon as the diagnosis is confirmed.'
Use of KDT in GlutlDS often dramatically stops seizures and

is effective in reducing severity of the associated movement
disorders.*

Case Report

A female patient was diagnosed with Glut1DS at 18 years of
age after a long history of nonclassic symptoms including
migraines and movement abnormalities since 2 years of age.
Early developmental language and motor milestones were
described as typically occurring at the late end of the normal
range, and she has previously been diagnosed with develop-
mental coordination disorder.

She experienced ataxia and dystonia but no seizure activity
on multiple electroencephalograms (EEG). Her diagnosis was
confirmed with lumbar puncture (cerebrospinal fluid [CSF]
glucose 38 mg/dL, serum glucose 101 mg/dL) and subsequent
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genetic testing of gene SLC2A1 with nucleotide change
¢.377G>A and amino acid change p.Argl26His. This mutation
has been well described in the literature.”™’ Her neuropsychiat-
ric testing indicated low average intelligence quotient (Full
Scale 1Q 82). She was started on modified Atkins diet and
after several months of diet therapy, her episodes of ataxia, dys-
tonia, and migraines had stopped and her academics had
improved. At 19 years of age, she became pregnant and prenatal
care began at estimated gestational age of 25 to 28 weeks. Prior
to confirmation of pregnancy, she was experiencing increased
dystonic movements, headaches, anemia, and low urine
ketones despite continued modified Atkins diet. Upon confir-
mation of pregnancy, her prenatal care was managed by a high-
risk obstetrician and included growth ultrasounds every 2
weeks, which were overall normal. The patient also had non-
stress tests every 2 weeks and on 2 of those occasions, the
infant had pseudo sinusoidal heart rate patterns that resolved
after brief monitoring. The patient’s care involved genetic coun-
seling; postnatal targeted mutation analysis was elected for
infant testing. A mutation typically occurs de novo within a
family; however, individuals that are confirmed to be carriers
have a 50% risk for recurrence to their offspring in an autoso-
mal dominant inheritance pattern.®

Throughout the pregnancy, the patient did experience fre-
quent episodes of abnormal movements. Those events most
commonly occurred on days of high anxiety and may have
also been related to difficulty maintaining adequate ketosis
demonstrated by levels of +1 in urine and beta hydroxybutyrate
(BHB) of 0.12 mmol/L. Carnitine level was low and despite
supplementation, her carnitine level did not return to normal
until after delivery.

Medical team communicated with international expert on
GlutlDS, Dr Darryl De Vivo (February 2014), after finding
minimal literature to support management of KDT during preg-
nancy and in newborn phase. It was advised to maintain KDT
during pregnancy and use maternal or donor breast milk in
the newborn phase for the infant due to the high fat content
of breastmilk and for its multiple protective properties.

The female infant was born at term via induced vaginal
delivery with Apgar scores of 7 at 1 min and 9 at 3 min, a
birth weight of 2.56 kg (5-10%ile, z-score —1.46), and a
normal head circumference of 33 cm (10-25%ile, z-score
—0.81). Her initial blood glucose level was 37 mg/dL but
after feeding donor breastmilk, her blood glucose levels
remained stable. Her physical and neurological exam were
both normal; neurologist did advise against the use of pheno-
barbital if infant began to have seizures since this antiepileptic
drug inhibits Glut 1 transport." After a normal hospital course,
the infant was discharged home with adoptive parents on day of
life 2 on donor breast milk until diagnosis could be determined.
Molecular genetic testing was sent for SLC2A1 mutation. At a
follow up visit at 12 days of age, a lumbar puncture was per-
formed with CSF glucose positive for hypoglycorrhacia at
28 mg/dL and blood glucose normal at 85 mg/dL with a ratio
of 0.32, suggestive of Glut1DS. GlutlDS is considered one of
a handful of conditions in which KDT should be used very

early in the course of treatment therefore the infant was admit-
ted to the neonatal intensive care unit and initiated on KDT over
the course of 1 week.® She continued to show no evidence of
seizures clinically or with EEG monitoring. During this admis-
sion, her fat to carbohydrate plus protein ratio was titrated up to
a 2:1. She achieved nutritional ketosis with a BHB of
1.31 mmol/L within 48 h of this diet ratio. Since she had a
normal EEG pattern and as mother’s phenotype was mild, it
was determined that a high ratio diet was likely not necessary.
This lower ratio was also supported by data from a randomized
trial of 38 infants that demonstrated a 2.5:1 ratio diet was as
effective as a 4:1 ratio with less side effects.’ During diet initi-
ation, the infant was also started on carnitine supplementation at
a dose of 25 mg/kg due to a borderline low level of 25 nmol/mL
and her mother’s known carnitine deficiency. Her diagnosis of
Glut1DS was later confirmed by genetic testing of SLC2A1
with nucleotide change ¢.377G>A and amino acid change
p-Argl26His which was the same mutation as her mother.
For the first 6 months of life, her feeding plan included a
ratio of 2 to 2.5:1 using a combination of Gerber Good Start
Gentle (Nestle Healthcare Nutrition) and Ketocal 4:1 powder
(Nutricia) at 24 to 27 cal/oz and she was allowed to feed on
demand. Her BHB levels were generally <2 mmol/L until 6
months of age and then increased steadily and stayed at 3 to
4 mmol/L despite no overall changes in diet ratio.

From birth to 24 months, her weight trended at 5 to 10%ile
weight for age, 2 to 5%ile length for age, weight for length at
25%ile, and head circumference at 25%ile. She struggled
with the transition from formula to solid foods. Because diet
therapy was the standard treatment for her diagnosis, early
intervention with feeding therapy was determined to be in her
best interest. She participated in feeding therapy from the age
of 18 months to 4 years of age. Now at 5 years of age, she
has remained on formula supplementation with a mixture of
Ketocal 4:1 powder, Liquigen (Nutricia), and water mixed to
a ratio of 5:1. This accounts for an estimated 50% of her
energy intake with the remainder coming from solid foods for
an overall estimated ratio of 2:1 and 100 kcal’kg/day. The
high ratio formula has allowed for a more liberalized intake
of carbohydrates and less fat from her solid foods. Her
overall energy needs in comparison to standard recommended
dietary allowance has consistently been higher. She was
referred to nephrology at 18 months of age due to persistent
low bicarbonate levels with elevated uric acid and has been
treated with sodium citrate. Her developmental progression
remains completely normal with no signs of seizure activity
or abnormal movements and growth has stayed appropriate
for age.

Discussion

In 1991, KDT was introduced as the treatment of choice for
GlutlDS.? Since that time, KDT for GlutlDS has evolved
and now includes the use of classic high ratio KDT, supplemen-
tation with medium chain triglycerides, modified Atkins diet,
and low glycemic index treatment.* For patients on diet
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therapy, there is an overwhelmingly positive response for both
seizures and abnormal movements. Data from Columbia
University as well as results from a global survey through the
Glut 1 Deficiency Foundation indicate that patients who
begin dietary treatment at a younger age have better out-
comes.'® In a recent report from the International Ketogenic
Diet Study Group, 96% of the consensus group advised use
of KDT as first line treatment for GlutlDS over triheptanoin
even in those that experience abnormal movements and not
seizure activity.® This reinforces the need for early diagnosis
and intervention including the evaluation of at-risk newborns,
infants, and other relatives in order to identify as early as pos-
sible those who would benefit from initiation of treatment and
preventive measures. Early initiation of the KDT, ideally in
infancy, results in better seizure control and improves long-term
neurologic outcome. Molecular genetic testing is used to clarify
the genetic status of at-risk relatives if the pathogenic variant in
the family is known.' In Glut1DS, the single most important
laboratory observation in Glutl DS is hypoglycorrhachia. All
affected individuals reported to date have had CSF glucose
values below 60 mg/dL (range: 16.2-52 mg/dL); in more than
90% it is below 40 mg/dL and in ~10% it is 41 to 52 mg/
dL." In our case report, both the mother and infant had CSF
levels consistent with that of 38 and 28 mg/dL, respectively.

The repeated trend of low carnitine levels in our patient as
well as in previous case reports of mothers on KDT indicates
necessity to monitor total and free carnitine at onset of preg-
nancy and intermittently to establish adequate maternal
levels in this population. Carnitine is an amino acid used to
transport long chain fatty acids into the mitochondria as a sub-
strate for beta-oxidation. Carnitine deficiency can be a result
of a rare disorder, primary carnitine deficiency, or related to
medications such as the antiepileptic drug valproic acid, mal-
nutrition, hemodialysis, renal tubular dysfunction, or a vegeta-
rian diet."" It has been documented by Schoderbeck et al'? that
healthy pregnant women may have a decrease in levels of
whole blood and plasma carnitine similar to those levels
found in patients with carnitine deficiency. The percentage
of acylcarnitine on total carnitine in that study was character-
istic of secondary carnitine deficiency indicating the need for
carnitine supplementation particularly in high-risk pregnan-
cies. There are 2 previous case reports using KDT for epilepsy
in pregnancy. While both infants had normal development in
their first year of life, one of the infants had bilateral ear mal-
formations of unknown significance.'® At 14 weeks gestation,
one of the mothers also had carnitine deficiency with low total
carnitine of 18.8 mmol/L that responded after 8 weeks of car-
nitine supplementation of 20 mg/kg. Overall, the safety of
KDT during pregnancy is still unknown and needs further
investigation. A recent review article brings to question the
current recommendation to avoid ketones and carbohydrate
restriction in pregnancy and urges this to be further examined
as there appears to be a lack of appropriate evidence to con-
tinue to support this."

Lower levels of ketosis were initially seen in our infant
(BHB <2 mmol/L) but did not correlate with any seizure

activity or abnormal movements. At around 6 months of age,
those levels increased despite the same level of diet therapy.
This may be related to the possibility that fatty acid utilization
is very efficient in a neonate thus resulting in lower ketone
levels. Previous reports document young children are able to
extract and utilize ketone bodies 4 times higher than in
adults.> There is also evidence that premature infants and/or
small for gestational age infants may have less ability to
produce ketones due to an immature liver but this does not
necessarily mean that they cannot utilize fatty acids as an
energy substrate.'® For many years, use of KDT was discour-
aged in infancy because of this time of rapid growth and devel-
opment; however, use of diet in this age is rapidly expanding.
In the earliest reports, Nordli et al'” demonstrated KDT to be
effective and safe and showed that infants were able to main-
tain ketosis. A recent international consensus statement specif-
ically addressed guidelines for application of KDT in infants
with refractory epilepsy to provide standardized protocols
and management recommendations.'® The positive outcome
for this child supports the use of KDT as early as possible in
the treatment of Glut1DS.

Conclusion

Our 2 cases are unique in that they involve management of
GlutlDS in a young adult into pregnancy and her infant
with GlutlDS. The literature concerning the management of
GlutlDS during pregnancy as well as the neonatal period is
sparse and it is our hope that our 2 cases will help others in man-
aging this disorder. Owing to the relative rarity of this condition
in comparison with intractable epilepsy as well as dietary man-
agement being the first line of treatment, more research needs to
be directed toward both the efficacy and safety of the KDT
during pregnancy as well as in the neonatal period. Questions
regarding how aggressive one should be when managing neo-
nates and infants with this condition when one assumes a
milder phenotype also needs to be answered. The recent
Glut1DS consensus article from Klepper et al discusses that it
is unclear if high levels of nutritional ketosis are needed in
“milder phenotypes but experience with other genetic diseases”
suggests it is still necessary.'® We were able to achieve ketosis
in our neonate and she tolerated the KDT quite well and has
remained asymptomatic and developmentally normal. A decel-
eration in head growth leading to acquired microcephaly is
commonly seen in GlutlDS, however this was not the trend
seen in our neonate/toddler as a result of appropriate treatment.
This case helps validate the concept that very early treatment of
the presymptomatic infant is consistent with normal neurologi-
cal development.
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