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Overview

Glut! Deficiency Syndrome is a rare, genetically determined disease
affecting brain metabolism. It is caused by a mutation in the SCL2A1
gene which may be either de novo or inherited. The consequence of
haploinsufficiency is decreased availability of glucose to the brain and
resultant encephalopathy, due to impaired transport of glucose across

the blood-brain barrier.

Currently, GLUTIDS is recognized to have a wide spectrum of
manifestations with variable degrees of severity and different timing
of presentation through a patient’s life. Commmon manifestations are
represented by microcephaly, cognitive impairment, epilepsy, and
paroxysmal movement disorder.

Although there is currently no cure for GlutiDS, Ketogenic dietary
therapies (KDTs), consisting of high fat content, restricted
carbohydrates, and adequate proteins, are the current standard of
treatment for the syndrome: ketone bodies can cross the blood-brain
barrier and be used as an alternative fuel for brain metabolism.

Disease course and long-term outcome are variable. To date, GLUT1DS
natural history, epidemiology, response to KDTs, and their long term
consequences are yet to be fully elucidated.

Incidence and prevalence

GLUT1 Deficiency Syndrome is a rare disorder. The recently predicted
incidence is 1.65 2.22 per 100,000 births. In retrospective studies, the
prevalence of GLUT1DS was estimated to be around 1:90,000. However,
due to the progressive broadening of the recognized phenotype, the
actual prevalence of GLUT1DS might be underestimated.

Diagnosis

Diagnosis can be suggested by the presence of characteristic clinical
features and confirmed by the evidence of hypoglycorrhachia (low
CSF glucose) in a setting of normoglycemia. To date, the only known
gene associated with the disease is the SLC2A1 gene. Mutations are
mainly autosomal dominant de novo, but familial cases are possible.
The type of genetic mutation might correlate with phenotypic severity.
Molecular diagnosis remains elusive in 10% of patients with clinical
features supporting GLUTIDS and typical CSF profile. Intronic variants
have been reported as cause of GLUTIDS, but detailed evidence is still
lacking

Early diagnosis of GlutiDS is essential for early treatment during the

stages of brain development when symptoms can be prevented. A
correct diagnosis requires knowledge of the symptoms of Glut1DS, but

these may be very similar to other disease and often are not specific

enough to allow for an immediate diagnosis.

Age of onset

Glutl deficiency is an inborn error of metabolism, so it is present from
birth. However, there is a wide variation in age of onset. Symptoms may
not be immediately evident and may change with age.

Symptoms at presentation

The most common symptom at presentation is represented by
epileptic seizures, and most frequently by early onset absence seizures
(before 4 years of age) and myoclonic-atonic seizures, whereas focal
seizures are less common. The second most frequent initial sign of
Glut1DS is represented by paroxysmal eye-head movement, usually
characterized by repeated multidirectional saccadic, conjugate
movements of the eyes and head, without loss of consciousness.

Psychomotor developmental delay might be present at onset.

Most patients also present with movement disorders (which may be
the symptom of onset when the disease becomes manifest later in
life), classically which present preprandially and are mitigated by meals.
Movement disorders may be persistent or paroxysmal. Persistent
movement disorders include ataxia, spasticity, and dystonia with
gait disturbances; chorea or tremor are less common. Paroxysmal
movement disorders are mainly represented by  paroxysmal
exercise-induced dyskinesia, paroxysmal major motor dysfunction,
and paroxysmal events with complex neurological symptoms, often
triggered by stress, fever, fatigue, fasting, or insufficient ketosis. Most
patients have some degree of dysarthria with some degree of speech

impairment.
Acquired microcephaly may become evident during childhood.

Intellectual disability is common, yet highly variable, ranging from mild
to severe. Performance skills are usually more affected than verbal
ones. Adaptive behavior and social skills are considered a strength for
the group.

Alternating hemiplegia, hemiplegic migraine, cyclic vomiting, stroke-
like episodes, writers’ cramp, intermittent ataxia, Parkinsonism and
nocturnal painful muscle in legs are rare features.



How do seizure types change over
time?

Clinical manifestations shift over time from the infantile-childhood
onset epilepsy to the adolescent-adult movement disorder.

Epileptic manifestations of GlutlDS tend to improve over time, as
seizures may decline or disappear in late childhood, adolescence,
or adulthood. However, in adolescence or adulthood the movement

disorder tends to become more prominent.

EEG features

Similar to clinical findings, also neurophysiological findings are complex
and variable. Electroencephalographic (EEG) findings may change
in a single individual over time and may encompass focal, multifocal,
generalized, or normal activity in the same patient at different times.
In infants, the most common findings are represented by focal slowing
andepileptiform discharges, whereasin children ages twoyears orolder,
25 to4 Hzgeneralized spike wave pattern is observed. Moreover, in
a study comparing pre and postprandial EEG recordings, a significant
reduction in epileptiform discharges was noted in the postprandial

recording.

Treatment

There is no specific treatment for AHC. Ketogenic dietary therapies
(KDTs), consisting of high fat content, restricted carbohydrates, and
adequate proteins, are, to date, the gold standard treatment for the
syndrome: ketone bodies can cross the blood brain barrier and can be
used as alternative fuel for brain metabolism. Therefore, KDT should
be started as early as possible. KDTs are usually effective in controlling
seizures, and some patients may no longer require anti-seizure
medications. Furthermore, cognitive delay and movement disorders
may also improve with the ketogenic diet. The classic KDT (with a 3:1
or 4:1 fat-to-carbohydrate-plus-protein ratio), which provides higher
levels of ketosis, is generally preferred in younger patients, while a
more liberal versions — i.e. the modified Atkins diet — may be adequate
alternatives and promote compliance in adolescents or adults. Dietary
therapy should be maintained indefinitely, continuing into adulthood,
as symptoms may return upon discontinuation.

Some patients receive treatment with anti-seizure medications , and
may be already in treatment at the time of diagnosis. These drugs do
not address the metabolic defect which is the underlying cause of
Glut1DS, but may be used as an add-on to the ketogenic diet for seizure
control, although there are concerns regarding the interaction of these
drugs with the diet.

Follow-up evaluations

Aimed at monitoring the evolution of GLUTDS1 symptoms and the
efficacy / tolerability of the KDT:

Family and Families Associations
(daily)

Support the patient
Monitaring of the compliance

Dietician evaluation

Neurologic evaluation
(at 0-1-3-6~12 months)

{at 0-1-3-6-12 months)

s 8 PATIENT gz
AEDs and other medication review Dietony bistory
Instrumental evaluation {EEG/Holter E€G) Blostecutoat moedanee anatys

Nutritionist and dedicated Nurse
(weekly phone and/or mail contacts)

Tatlor maid foliow-up
Revision of the diet

Pasca L, De Giorgis V, Macasaet JA, Trentani C, Tagliabue A, Veggiotti P. The changing face of
dietary therapy for epilepsy. Eur J Pediatr. 2016 Oct;175(10):1267-76. doi: 10.1007/s00431-016-
2765-z. Epub 2016 Sep 1.

Individualized emergency protocols

Individualized emergency protocol is mandatory for those patient
treated with KDT.

| Post procedure evaluation:

- Bloodtest

- Carful drug use

- Re-contact with referring
keto-team > review
management plan, adjust
dietary regimen, remodulate
meal consumption, adjust
concomitant drugs and oral
supplement

to P
of medical d
with information on KDTs

First evaluation:
-Ongoing drugs and supplements
~Timing and results of last dietary visit

Pre-procedure evaluation: H
- Abdominal ultrasounds
(especially if abdominal pain,
liver dysfunction)

- Consider drugs to be avoided

Contact with referringKeto-team:

- Effective consultation on key aspects
like ketosis, glycemia, fasting, meals
and treatment administrations

- Shared decision-making to create a
management plan

Monitoring: h- I

Capillary ketonemia and glycemia at
least twice a day

- Blood samples (liver function, kidney
function, electrolytes, lipid profile)

Pasca L, Varesio C, Ferraris C, Guglielmetti M, Trentani C, Tagliabue A, Veggiotti P, De Giorgis V.
Families’ Perception of Classic Ketogenic Diet Management in Acute Medical Conditions: A Web-
Based Survey. Nutrients. 2020 Sep 24;12(10):2920.

Provide patient/carer with:

Adequate support for the application of dietary therapy
(multidisciplinary ketogenic diet team)

Indications for rehabilitation and support (neuropsychological
evaluation, physical therapy, speech therapy, support for intellectual

development)

Genetic counselling
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Overview

Glutl Deficiency Syndrome is a rare genetic disease affecting brain
metabolism. Glutl is the protein responsible for the transport of
glucose, the brain’s main source of energy, across the blood-brain
barrier. It is produced by the SLC2A1 gene on Chromosome 1. If this
gene is damaged by a mutation, enough of the transporter protein
might not be produced, or else what is produced might not be effective
enough to ensure sufficient glucose transport. Since glucose is the main
fuel source for the brain, and it is important for cerebral metabolism
and neural function, in patients with Glut1 deficiency, the brain doesn’t
receive enough energy for normal development and function: a
Glut1DS brain is always hungry and might not function properly. The
predominant symptoms are represented by epilepsy, developmental
delay, cognitive impairment, language impairment and movement

disorders.

There is currently no known cure for Glut1DS, but there are methods
of treatment, namely represented by a special diet called Ketogenic
Dietary Therapy (KDT), which may help nourish the brain and prevent or
improve symptoms, providing alternative fuel to the brain. The disease
course is variable among affected people, and information on long-
term outcome, frequency of the disease and efficacy of KDTs still need
to be further studied.

How common is GLUT1DS?

GLUTIDS is a rare disease, which means it affects a small number of
people compared to the general population (a disease is defined rare if
itaffectslessthan1:2,000 people). GLUT1DS affects an estimated 1.65-
2.22in100,000 live births. Its prevalence (population affected at a given
time) is estimated to be around 1:90,000. However, its prevalence is
thought to be underestimated especially in adults.

When do symptoms first appear?

Glutl deficiency is an inborn error of metabolism, so it is present from
birth. However, symptoms may not be immediately evident and may
change with age. Symptoms may begin in early infancy with paroxysmal
eye-head movements, early-onset epilepsy or delay in acquisition of
psychomotor milestones, or later in childhood with cognitive delay and
motor disturbances.

How is Glut1DS diagnosed?

A correct diagnosis requires knowledge of the symptoms of GlutiDS,
but these may be very similar to other disease and often are not

specific enough to allow for an immediate diagnosis. When symptoms

lead to the suspicion of Glut1DS, a sample of cerebrospinal fluid (CSF)
when fasting might be collected, in order to compare the glucose levels
to those in the blood. In GLUTIDS patients, the CSF glucose levels are
abnormally low. Alternatively, or after CSF sampling, genetic testing
looking for causative variants in the SLC2A1 gene might be performed.
However, some patients with GlutiDS may not have an identified
mutation in SLC2A1, and research is ongoing into potential alternative

genes which may lead to Glut1DS.

Early diagnosis of Glut1DS is essential for early treatment during the
stages of brain development when symptoms can be prevented;
however, GlutlDS manifestations may be very similar to other disease
and often are not specific enough to allow for an immediate diagnosis.

What are the symptoms at onset in
Glut1DS?

The most common symptoms at presentation are drug-resistant
seizures, usually characterized by absence seizures (the child looks
fixed for some seconds) or myoclonic-atonic seizures (the child
presents with massive jerks of muscles, followed by loss of muscle
tone causing a drop). The second most frequent early sign of Glut1DS
is the paroxysmal eye-head movement, characterized by involuntary
repeated multidirectional movements of the eyes and head as if
“watching a fly”, without loss of consciousness. Most patients also
present with a motor impairment, which may be fixed and persistent
or paroxysmal. Patients may experience ataxia, spasticity, and dystonia,
thus leading to unstable and uncoordinated gait. Patients may also
experience episodic movement disorders, mainly represented by
paroxysmal exercise-induced dyskinesia, paroxysmal major motor
dysfunction, and paroxysmal events with complex neurological
symptoms, often stimulated by stress, fever, fatigue, fasting, or
insufficient ketosis. Most patients present also with variable degrees
of psychomotor delay and cognitive impairment, speech and language
are also involved. Acquired microcephaly (a progressive slowdown of
head growth) may become evident during childhood.

How do symptoms changeovertime?

Epileptic manifestations of GlutlDS tend to improve over time, as
seizures may decline or disappear in late childhood, adolescence,
or adulthood. However, as epileptic manifestations decrease, there
is a shift in adolescence or adulthood towards a more prominent
movement disorder. The language disorder doesn’t worsen but it could
be more prominent and affect social functioning in adolescence or
adulthood.



Why should EEG be performed?

Electroencephalography (EEG) should be regularly performed to
detect the presence of epileptic seizures and to characterize abnormal

brain electrical activities.

How can Glut1DS be treated?

Ketogenicdiet therapy (KDT) is the first choice for treatment of Glut1DS,
and should be started as early as possible to provide alternative
fuel to the developing brain. KDT, characterized by high fat content
with normal protein and restricted carbohydrates, stimulates the
production of ketone bodies which provide an alternative fuel source to
the brain. Dietary therapy is usually effective in controlling seizures, and
some patients may no longer require anti-epileptic drugs. Furthermore,
cognitive delay and movement disorders may also improve with KDT.
Different types of KDTs exist. The classic ketogenic diet, which provides
higher levels of ketosis is generally preferred in younger patients, while
less restrictive KDT — a modified Atkins diet — may be adequate and
promote compliance in adolescents or adults. Dietary therapy should
be maintained indefinitely, continuing into adulthood, as symptoms
may return upon discontinuation. Some patients receive treatment
with anti-seizure medications, and many are already in treatment at the
time of diagnosis. These drugs do not address the metabolic defect
whichis the underlying cause of Glut1DS, but may be used as an add-on

to the ketogenic diet for seizure control.

What are the follow-up assessments
over time?

The aim is to monitor the evolution of GLUTDS1 symptoms and the
efficacy / tolerability of the KDT:

Family and Families Associations
(daily)

Support the patient
Monitoring of the compliance

Dieticlan evaluation
(at 0-1-3—6-12 months)

Neurologic evaluation
{at 0-1-3-6-12 months}

Seizure review (etiology, type, frequency)

PATIENT

Weight, height, and ideal weight for stature
Dietary history

AEDs and other medication review
Instrumental evaluation {EEG/Holter EEG) Boalectricolimpediance oncysis
Cognitive/development/behaviour assessment Indirect catarit

DEXA (every 6 manths)

Full serum and urine metabolic evaluation
Abdomen ultrasound {every § months)
Review efficacy of the diet o
Review appropriateness of diet prescription
featories, protein, ond fluids)
Feview vitamin ond mineral

Nutritionist and dedicated Nurse
(weakly phone and/or mail contacts)

Taitor maid follow-up
Revision of the diet

What to do in case of an emergency?

It could be useful to provide an individualized emergency protocol for

Post procedure evaluation:
- Blood test Admission to Emergency Department:
- Carful drug use

- Re-contact with referring

Availability of medical documentation
with information on KDTs

keto-team 2 review
management plan, adjust
dietary regimen, remodulate
meal consumption, adjust
concomitant drugs and oral
supplement

First evaluation:
-Ongoing drugs and supplements

Pre-procedure evaluation:
- Abdominal ultrasounds

- Considerdrugs to be avoided

(especially if abdominal pain,

i i Contact with referringKeto-team:
liver dysfunction)

o] and treatment administrations
Monitoring: &-
- Capillary ketonemia and glycemia at
least twice a day
- Blood samples (liver function, kidney
function, electrolytes, lipid profile)

management plan

What could | ask my doctor about?

- Adequate support for the application of dietary therapy
(multidisciplinary ketogenic diet team)

+ Indications for rehabilitation and support (neuropsychological
evaluation, physical therapy, speech therapy, support for intellectual
development)

Genetic counselling

Patient and scientific groups

Associazione ltaliana glut1 APS
www.glutl.it | segreteria@glutl.it

bt

Associazione Italiana

© © © 0 0 0000 000000000000 000000000000 0000000000 00000000000 0000000000000 000000000000 000 00 o

@ &

European
Reference
Network

Co-funded by the European Union

Authors: Monica Lucente (Italian GLUT1DS Association); Valentina De Giorgis and Costanza Varesio (IRCCS Mondino
Foundation, Pavia; Brain and Behavioral Department, University of Pavia, Italy). The European Commission support for
the production of this publication does not constitute endorsement of the contents which reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information contained

-Timing and results of last dietary visit

- Effective consultation on key aspects
like ketosis, glycemia, fasting, meals

- Shared decision-making to create a



