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When to suspect GLUT1DS?



“Hypoglycemia” without hypoglycemia

Early morning movement disorders and seizures



How to diagnose GLUT1DS?

• Phenotype

• CSF plus blood glucose, and CSF lactate

• SLC2A1 gene

(Glucose transport velocity in erythrocytes; FDG-PET; …)



• Phenotype

• CSF

• SLC2A1 gene

The importance of the three cornerstones
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• SLC2A1 gene  false negative in 1/10 patients
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DNA: 10% false negative

Mutation: disease causing?
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• Phenotype

• CSF plus blood glucose, and CSF lactate

• SLC2A1 gene

Rule of thumb: follow the classic route!

Simple and cheap

Almost everywhere available

Results on the same day

CSF analysis:



• Phenotype

• CSF plus blood glucose, and CSF lactate

• SLC2A1 gene

Reasons not to follow the classic route

Known family (DNA only)
Mild phenotypes (DNA first)

good other candidate genes

no (urgent) reasons for treatment
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What is the value of CSF analysis in the 

diagnostic work-up of GLUT1DS?



Q1: CSF glucose and lactate reference values?



Leen et al. PLoS ONE 2012





CSF age-specific reference values

Leen et al. PLoS ONE 2012

P10

P90



Leen et al. PLoS ONE 2012



Q1a: Do CSF glucose and lactate fluctuate during

the day?



Diurnal fluctuations of CSF glucose and CSF/plasma glucose 

ratio under physiological conditions in five healthy volunteers

Leen et al. J Cereb Blood Flow Metab. 2016



Q2: CSF glucose and lactate values in GLUT1DS?



P90

P10

GLUT1DS versus reference values

Leen et al. JAMA Neurol 2013 



Leen et al. JAMA Neurol 2013

Typical CSF profile of GLUT1DS



CSF glucose ≤ P10

and

CSF/blood glucose ratio ≤ P25 (a)

and

CSF lactate < P90 (b)

(a) The ratio is < P25 in 99% of the cases, but may be P25-P50 in non-classical cases

(b) CSF lactate is < P10 in 81% of the cases, and is always below the P90

Typical CSF profile of GLUT1DS

Leen et al. JAMA Neurol 2013



Age CSF glucose

(mmol/L)

CSF/blood glucose CSF lactate

(mmol/L)

P10 P25 (P50) (P10) P90

Neonate 0-4 weeks 2.2 0.52 (0.67) (1.0) 2.2

Infant 1-6 months 2.0 0.49 (0.64) (1.1) 2.1

6-12 months 2.2 0.54 (0.59) (1.2) 1.8

Preschool child 1-4 years 2.6 0.58 (0.65) (1.1) 1.8

School child 4-10 years 2.6 0.56 (0.63) (1.2) 1.9

(Pre)adolescent 10-18 years 2.7 0.57 (0.64) (1.2) 2.0

Young adult 18-30 years 2.8 0.60 (0.67) (1.3) 2.0

Adult 30-50 years 2.9 0.61 (0.67) (1.4) 2.1

Middle aged 50-60 years 3.0 0.57 (0.67) (1.4) 2.2

Aged > 60 years 3.0 0.55 (0.62) (1.5) 2.4

Leen et al. JAMA Neurol 2013



Q3: low CSF glucose and low CSF lactate values

in other disorders?



Leen, et al. Neurology 2013



Leen et al. JAMA Neurol 2013.

Radboudumc CSF database (> 23.000 samples)

9036 samples with normal cell and erythrocyte count and normal protein

41 samples with typical CSF profile 

35 samples (0.4%) GLUT1DS negative & 6 samples GLUT1DS positive

CSF samples with the typical GLUT1DS 

profile but without GLUT1DS?



Leen et al. JAMA Neurol 2013.

Radboudumc CSF database (> 23.000 samples)

9036 samples with normal cell and erythrocyte count and normal protein

41 samples with typical CSF profile 

35 samples (0.4%) GLUT1DS negative & 6 samples GLUT1DS positive

n = 5: infection / inflammation
n = 7: no neurological diagnosis
n = 23: miscellaneous, no patients with identical diagnosis

CSF samples with the typical GLUT1DS 

profile but without GLUT1DS?



Q4: technical and methodological pitfalls?



Patient in steady state: without hypoglycemia!

Technical & methodological pitfalls
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Patient in steady state: without hypoglycemia!

Lumbar puncture in steady state: after 4-6 hours fasting!

First things first: blood sample before lumbar puncture!

Don’t use CSF from ventricular system: other reference values! 

Order CSF lactate too: it helps in the differential diagnosis!

Respect age-specific reference values!

Technical & methodological pitfalls



SLC2A1 mutations, but also CSF results

may predict the phenotype



Type of mutation

A = missense mutation
B = nonsense, frame shift, splice site, or translation initiation mutation
C = multiple exon deletion

*P < 0.05

Leen, et al. BRAIN 2010 



Ito, et al. Brain & Dev 2014 



some observations and thoughts



Patient 1 – classic phenotype, very good responder to
KD, near normal overall development (2 yrs now)

Onset epileptic seizures at age 3 wks

LP age 7 weeks

CSF glucose 1,2 mM
Blood glucose 4,6 mM
Ratio 0,26

CSF lactaat 0,6 mM



1,2                       0,26                               0,6



P90

P10

GLUT1DS versus reference values



Patient 2 – mild phenotype

Paroxysmal, non-epileptic headache and vomiting, good response to
diet

LP age 16 yrs

CSF glucose 2,6 mM
Blood glucose 4,8 mM
Ratio 0,54

CSF lactate 1,2 mM



Leen et al. PLoS ONE 2012

2,6                       0,54                               1,2



P90

P10

GLUT1DS versus reference values

Leen et al. JAMA Neurol 2013 



CSF LACTATE: GLUT1DS versus reference values

Age (yrs) 

Leen et al. JAMA Neurol 2013 



Hypothesis (not yet studied systematically)

Brain uses lactate as energy source, in health as well as in disease!

This may explain why CSF lactate is low in GLUT1DS and increases on 
the KD*!

GLUT1DS: the better the brain is able to use lactate, the lower CSF 
lactate at diagnosis might be, and the milder the phenotype might be!

>>> Novel therapeutic options?

* Klepper, Prostaglandins Leukot Essent Fat Acids 2016
Taher, European Journal of Paediatric Neurology 2015
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