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Abstract

Introduction: The neurodevelopmental outcomes of young infants with hypoglycorrhachia that is comparable to glucose trans-
porter 1 deficiency syndrome (GLUTI1DS), i.e. cerebrospinal fluid (CSF) glucose <40 mg/dL and CSF lactate <2.2 mM without
causes of secondary hypoglycorrhachia are unknown. This study investigated the developmental outcomes and possibility of
GLUTIDS in infants with hypoglycorrhachia, or low CSF glucose concentration.

Material and methods: 1655 neurologically asymptomatic infants aged <4 months had CSF examinations for fever workup from
2006 to 2016. Among the infants with normal CSF cell counts and without isolated pathogens, there were hypoglycorrhachia group
who had CSF glucose levels that were comparable to GLUT1DS, and age- and gender-matched non-hypoglycorrhachia group. Both
groups were at a mean age of 5.9 + 2.4 years (ranged 1-10 years) at neurodevelopmental evaluation in 2017. Mutational analysis of
solute-carrier-family 2, which facilitated the glucose transporter member 1 (SLC2A41) gene was performed.

Results: Among the 722 infants with normal CSF cell counts and without isolated pathogens, 30 (4.2%) had hypoglycorrhachia
that was comparable to GLUTIDS. In the 25 infants with hypoglycorrhachia available for follow-up, 4 (16%) had abnormal out-
comes, of which 3 (12%) had the history of mixed-type developmental delay before age 6 and 1 (4%) had type 1 diabetes mellitus. In
the non-hypoglycorrhachia control group (n = 50), 2 patients (4%) showed abnormal outcomes, both with the history of pure speech
delay. The hypoglycorrhachia group had a higher rate of the history of mixed-type of developmental delay than the control group
(12% vs. 0%, P =0.034). No SLC2A1I pathogenic variants were observed in the hypoglycorrhachia group.

Conclusion: Hypoglycorrhachia may be a potential biomarker for neurodevelopmental delay instead of for GLUTIDS in neu-
rologically asymptomatic young infants.
© 2019 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Glucose is an important energy source for the brain
and its tight regulation is critical for the physiology
and pathology of the brain. The cerebrospinal fluid
(CSF) glucose concentration is controlled by the glucose
transported into and out of CSF via the glucose trans-
porter 1 (GLUT1) and the glucose utilization by cells
[1,2]. Hypoglycorrhachia, or low CSF glucose concen-
tration, has more adverse effects in the developing brain
than in the mature brain [2]. Hypoglycorrhachia is com-
monly associated with central nervous system (CNS)
microbial infections, neoplastic causes or impaired func-
tion of GLUT1 [3-5]. Patients with hypoglycorrhachia
caused by impaired function of GLUTI, or glucose
transporter 1 deficiency syndrome (GLUTI1DS), have
diverse clinical symptoms which occur at any age, espe-
cially in early infancy [6,7].

The classic phenotypes of GLUT1DS include epileptic
encephalopathy, infantile seizures, developmental delay,
acquired microcephaly, spasticity, and complex move-
ment disorders [6-10]. Milder phenotypes, namely parox-
ysmal exertion-induced dyskinesia, hemiplegic migraine,
and early-onset absence epilepsy have been recognized
[11-18]. The diagnosis of GLUTIDS depends on neuro-
logical  manifestations and  hypoglycorrhachia
[7,10,17,18], which is further confirmed by detecting the
pathogenic variants of the corresponding gene, solute car-
rier family 2, facilitated glucose transporter member 1
(SLC2A1)[6,7]. Early diagnosis is pertinent because early
treatment with ketogenic diets may attenuate seizure fre-
quency and improve cognitive function [19,20].

A recent systemic review study using the CSF results
of the patients with genetically proven GLUTI1DS
showed that if age-specific reference values are applied,
the CSF glucose levels below the 10th percentile is a use-
ful tool in the diagnostic workup of GLUTI1DS includ-
ing patients with the mildest phenotypes [17]. CSF
examinations using lumbar puncture have been per-
formed routinely in young infants who are presented
with fever because of their vulnerability to CNS infec-
tions [21,22]. However, after excluding the possibility
of CNS infections, hypoglycorrhachia is usually not
emphasized in clinical practice. The neurodevelopmental
outcomes of young infants with hypoglycorrhachia that
is comparable to GLUTIDS, i.e. CSF glucose <40 mg/
dL and CSF lactate <2.2 mM without causes of sec-
ondary hypoglycorrhachia are unknown. Moreover,
the genetic diagnosis of GLUTIDS in such young
infants remains unclear. Therefore, using the data from
febrile young infants who were neurologically asymp-
tomatic at the time of CSF analysis, this study exam-
ined: (1) the prevalence rate of hypoglycorrhachia, (2)
the type of neurodevelopmental disorders at follow-up,
and (3) the genetic diagnosis of GLUTIDS in young
infants with hypoglycorrhachia.

2. Material and methods
2.1. Patients

Overall, 6574 patients had CSF samples, which were
collected through lumbar punctures and analyzed from
2006 to 2016 in a tertiary medical center in Southern
Taiwan. Among them, CSF examinations were per-
formed as a routine fever workup in 1655 infants
younger than 4 months. Among the 1655 infants, 722
young infants remained after excluding those with
CSF analysis that met any of the following conditions:
(1) an erythrocyte count >100/uL; (2) abnormal leuko-
cyte count and total protein concentration based on
age-specific reference values; (3) lactate >2.2 mM; (4)
pathogenic organisms isolated from the CSF or blood
samples; and (5) patients with abnormal neurological
presentations at CSF study [23]. 2 patients who had
abnormal neurological presentations were excluded
from analysis, which included 1 patient with pre-
existing infantile seizure, and the other with brain
malformation.

The GLUTI1DS-CSF criteria defined as CSF glucose
<40 mg/dL and lactate <2.2 mM without causes of sec-
ondary hypoglycorrhachia [17]. In this study, infants
who had CSF glucose levels <40 mg/dL were catego-
rized as the hypoglycorrhachia group [7,23,24]. Another
group of infants with normal CSF glucose levels that
were age- and gender-matched with the hypoglycor-
rhachia  group was served as the non-
hypoglycorrhachia control group (Fig. 1).

Neurodevelopmental evaluations were undertaken in
both groups in 2017. This study was approved by the
Institutional Review Board of National Cheng Kung
University Hospital.

3. Variant analysis

A variant analysis of the SLC2A41 gene was per-
formed in the hypoglycorrhachia group. Genomic
DNA was extracted from peripheral blood mononuclear
cells. Automated Sanger sequencing was performed to
study all exons and exon—intron boundaries of SLC2A41
using an autonomic sequencer (ABI 377; Advanced
Biotechnologies, Columbia, MD, USA) in the hypogly-
corrhachia group and multiplex ligation-dependent
probe amplification (MLPA) using probemix P138-BI
(MRC Holland, Amsterdam) was performed to detect
deletions or duplications of SLC2A1 in the patients with
mixed-type neurodevelopmental disorder [11].

4. Long-term neurodevelopmental outcome evaluations
In the hypoglycorrhachia group, 25 patients were

interviewed and completed a questionnaire on the devel-
opmental history of their infants, and the symptoms and
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6574 patients had cerebrospinal fluid (CSF)

examination by lumbar puncture

4919 Excluded
- 4868 with age 2 4 month-old at the procedure

- 51 without fever

- 813 with abnormal leucocyte count and total protein concentration

- 6 with pathogenic organisms isolated fromthe CSF or blood samples

(infantile seizure, n=1; brainmalformation, n=1)

=1655
933 Excluded
- 112 with RBC counts >100/uL
- Owith CSF lactate>2.2 mmol/L
- 2 with abnormal neurological presentations
n=722

Glucose <40 mg/dL

Age and gender matched

Hypogtycorrthachia group, n=30
+  25received neurodevelopmental follow-up

Non-hypoglycorrhachia group, n=692

sampling

Control group, n=50
+ 50 completedtelephone questionnaire

22 available for out-patient clinic evaluation and SLC2A7 gene analysis

3 available fortelephone questionnaire

Fig. 1. A flowchart of the patient recruitment for hypoglycorrhachia among young infants who had CSF analysis as a part of routine fever workup

from 2006 to 2016.

signs that related to GLUTI1DS, namely seizures, move-
ment, and learning problems in the outpatient clinics or
via telephone questionnaire in 2017. [8-15]. For the 22
patients available for follow-up in the outpatient clinic,
physical and neurological examinations were performed
by a pediatric neurologist in the outpatient clinic. In the
non-hypoglycorrhachia group, all parents completed
telephone questionnaire on the developmental history
of their infants, and the symptoms and signs that related
to GLUTI1DS.

Developmental delay was considered for children
under 6 years old whose performance was 2 standard
deviations below their age-matched peers in develop-
ment using the instruments of the Chinese Child Devel-
opment Inventory, Bayley scales of Infant
Development-III, Wechsler Preschool and Primary
Scale of Intelligence (Revised Edition or Fourth edition,
WPPSI-R or WPPSI-IV), or Movement Assessment
Battery for Children (Second Edition). For patients
who were older than 6 years of age at neurodevelopmen-
tal evaluation, the history of developmental delay was
confirmed by the evaluation reports they had from the
Center of Team Evaluation for Children’s Development
across Taiwan before they turned 6 years old. The need

of intelligence quotient test was judged by the pediatric
neurologist after the follow-up assessment.

5. Statistical analysis

Differences in demographic factors, neurodevelop-
mental outcomes, and genotype frequencies of the
SLC2A1 gene polymorphism between the hypoglycor-
rhachia group and the control group were determined
using the Fisher’s exact test for categorical variables
and the independent samples 7 test for numerical vari-
ables. CSF data within the hypoglycorrhachia group
was presented in median and interquartile range (IQR)
and the difference was determined using the Mann-—
Whitney U test. All analyses were performed using SPSS
version 17 (IBM SPSS Statistics, IBM Corporation,
Armonk, NY, USA).

6. Results

Among the 722 young infants with normal CSF cell
counts and protein levels and without any isolated
pathogens, 30 infants (a prevalence rate of 4.2%) had
hypoglycorrhachia that was comparable to GLUT1DS.
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The mean age of CSF examinations was comparable
between the hypoglycorrhachia (4.2 + 3.3 weeks, ranged
0-12 weeks) and the non-hypoglycorrhachia control
group (5.5 4+ 4.1 weeks, ranged 0-13 weeks). The mean
CSF glucose levels in the hypoglycorrhachia group were
significantly  lower than that in the non-
hypoglycorrhachia group (37.0 3.0 mg/dL vs. 53.0
+ 9.9 mg/dL, P <0.001). In contrast, the CSF to blood
glucose ratios were similar between the two groups
(Tables 1 and 2). The most common causes of young
infantile fever in the two groups were urinary tract infec-
tion, acute bronchiolitis, and acute pharyngitis.

Both groups were at a mean age of 5.9 4+ 2.4 years
(ranged 1-10 years) at neurodevelopmental evaluation
in 2017. Among the 30 infants in the hypoglycorrhachia
group, 25 patients (83.3%) completed the follow-up
evaluation. In the 25 children with infantile hypoglycor-
rhachia, 4 (16%) had abnormal outcomes, which
included 3 patients (12%) with the history of mixed-
type of developmental delay before age 6 (motor and
speech delay in 1, motor and cognitive delay in 1, and
global delay with autism in 1), and 1 patient with type
1 diabetes mellitus (T1DM) diagnosed at the age 3 years.
In the 50 children without infantile hypoglycorrhachia
(the non-hypoglycorrhachia control group), only 2
patients (4%) reported abnormal outcomes, both with
the history of developmental delay in speech only. While
the hypoglycorrhachia group had a significantly higher
rate of the history of mixed-type developmental delays
than the non-hypoglycorrhachia control group (12%
vs. 0%, P =0.034; Table 2).

Among the 3 patients with the history of mixed-type
developmental delay before age 6 in the hypoglycor-
rhachia group, none of them had weakness, spasticity
or hypotonia at our neurological evaluation at age 6, 7
and 8 respectively. 2 of them attended regular elementary
school after early intervention, even though they were fre-
quently reported being clumsy by their parents. As for the
other patient with global delay and autism, he still needed
much assistance in coping with daily life activities, and his
full scale intelligence quotient using WPPSI-IV was 71. In
the non-hypoglycorrhchia group, the 2 patients who had
the history of simple speech delay had made progress and
showed catching up in development when evaluated at
school age after early intervention.

In the hypoglycorrhachia group, there was no differ-
ence in the CSF glucose levels between the infants with
adverse outcomes (median 38.5 mg/dL, IQR 6 mg/dL,
ranged 33-40 mg/dL) and those without adverse out-
comes (median 37 mg/dL, IQR 3.5 mg/dL, ranged 27—
40 mg/dL, P =0.625) (Fig. 2). In contrast, the CSF to
blood glucose ratio was higher in the patients with
adverse outcomes (median 0.52, IQR 0.10, ranged
0.49-0.61) than those without adverse outcomes (med-
ian 0.47, IQR 0.12, ranged 0.35-0.57, P =0.041)
(Fig. 3).

A total of 22 hypoglycorrhachia patients received
Sanger sequencing of SLC2A41 gene, and none of them
had the SLC2A41 pathogenic variants. No deletion or
duplication of SLC2AI gene was detected in 3 infants
with mixed-type developmental disorder in the hypogly-
corrhachia group. Moreover, the frequency of SLC2A1
gene polymorphisms in the hypoglycorrhachia group
showed no difference compared with the SLC2A41 data-
base in the Taiwan Biobank [25], which contains the
genomic data of 1517 Taiwanese people (Table 3).

7. Discussion

This study is the first to address the prevalence rate of
hypoglycorrhachia in young infants, and the long-term
neurodevelopmental outcome and genetic diagnosis of
GLUTIDS in the children with infantile hypoglycor-
rhachia. The prevalence rate of hypoglycorrhachia that
was comparable to GLUTIDS was 4.2% in neurologi-
cally asymptomatic infants. At follow-up assessment,
the hypoglycorrhachia group had a significantly higher
rate of the history of mixed-type neurodevelopmental
delays  (including  autism) than  the  non-
hypoglycorrhachia group. None of the hypoglycor-
rhachia patients had SLC2A] pathogenic variants of
GLUTIDS. Furthermore, the frequency of SLC2A41
polymorphisms in the hypoglycorrhachia group was
also comparable with the SLC2A4! information from
the Taiwanese genomic data. This study suggests hypo-
glycorrhachia detected in infants through routine CSF
examinations for fever workup may be an early biomar-
ker for neurodevelopmental delay instead of for
GLUTIDS.

Leen et al and Thomson et al published the age-
specific reference values for CSF glucose concentrations
[23.24]. Leen et al proposed the 10th percentile CSF glu-
cose concentration was the cutoff level for the diagnosis
of GLUTI1DS [18]. The CSF glucose level in the 10th
percentile for infants less than 4 months old ranged from
36 to 40 mg/dL [23,24]. We used the CSF glucose level
of <40 mg/dL as the inclusion criterion for hypoglycor-
rhachia because GLUTI1DS patients with milder pheno-
types may have higher CSF glucose levels and develop
neurological symptoms at an older age [7]. We revealed
that for the febrile infants, the prevalence of hypoglycor-
rhachia was 4.2% (30/722) using the criterion of a CSF
glucose level of <40 mg/dL, and 2.5% (18 of 722) using
the age-specific 10th percentile criteria for CSF glucose
levels. Nevertheless, the rate of adverse outcomes was
similar whether hypoglycorrhachia was defined as hav-
ing a CSF glucose level of <40 mg/dL or using the
age-specific 10th percentile criteria (16% vs. 16.7%).

Glucose is a vital energy source for the human brain,
and especially for the developing brain. The cerebral
metabolic rate for glucose increases linearly after birth
until age 3 years old [26]. Most patients with GLUT1DS



868

Table 1
CSF characteristics, outcome and genetic testing of the children with young infantile hypoglycorrhachia.
Demographic profile CSF analysis Adverse outcomes Molecular genetic
testing
Patient Gender/Age at Age at CSF exam CSF glucose CSF:blood glucose Seizure Movement History of Others Pathogenic variant
follow-up (y) (wk) (mg/dL) ratio disorder DD
1 M/7y 2 37 0.54* - - M/s® - Neg®
2 M/6y 3 33 0.61* - - C/M/S Autism Neg®
3 M/8y 4 40 0.49 FS - c/MP - Neg®
4 M/5y 2 27 0.47 - - - - Neg
5 F/5y 1 40 0.57* - - - - Neg
6 M/6y 3 35 0.47 - - - - Neg
7 F/6y 1 39 0.48 - - - - Neg
8 F/6y 4 36 0.46 - - - - Neg
9 F/7y 4 38 0.39 - - - - Neg
10 F/Ty 2 36 N/A - - - - Neg
11 M/8y 5 40 0.50° - - - - Neg
12 F/10y 8 40 0.49 - - - TIDM Neg
13 M/8y 12 37 0.4 - - - - Neg
14 M/10y 11 40 N/A - - - - Neg
15 M/5y 8 34 0.37 - - - - Neg
16 F/5y 8 40 0.49 - - - - Neg
17 M/3y 2 38 N/A - - - - Neg
18 M/4y 0 39 N/A - - - - Neg
19 M/3y 2 33 N/A - - - - Neg
20 F/dy 3 37 0.53° - - - - Neg
21 M/ly 0 34 N/A - - - - Neg
22 M/2y 8 37 N/A - - - - Neg
23 F/7y 2 39 0.35 - - - - N/A
24 F/5y 4 37 N/A - - - - N/A
25 M/10y 7 39 0.37 — — - — N/A

198-#58 (610T) I# 1owdojpasq » uig [ v 12 n{ "H-"M

# CSF: blood glucose ratio >25th percentile, FS: febrile seizure, DD:developmental delay, C: cognition delay, M: motor delay, S: speech delay, N/A: not available, Neg: negative results.
® Both patients outgrew the developmental delay after early intervention and attended regular elementary school now.
¢ Both had negative results from sanger sequencing and MLPA analysis.
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Table 2
Comparisons of the adverse outcomes between children with hypoglycorrhachia and those without hypoglycorrhachia in the young infantile period.
Hypoglycorrhachia group n =25 Non-hypoglycorrhachia group n = 50 P

Male sex, n (%) 15 (60.0%) 30 (60.0%) 1.000
Age at CSF exam (wk) 42+33 5.5+4.1 0.199
CSF glucose levels (mg/dL) 37.0 £3.0 53.0+9.9 <0.001
CSF to blood glucose ratio 0.47 £+ 0.07 0.50 £+ 0.08 0.198
Adverse outcomes, n (%) 4 (16.0%) 2 (4.0%) 0.091
Mixed type developmental delay, n (%) 3 (12.0%) 0 (0.0%) 0.034
Autism, n (%) 1 (4.0%) 0 (0.0%) 0.333
T1DM, n (%) 1 (4.0%) 0 (0.0%) 0.333

Data are means + standard deviation or number (%); TIDM: type 1 diabetes mellitus.

40.00 —|—

37.50

35.007

32.50

CSF glucose level: mg/dL

Without adverse outcomes, n=21 With adverse outcomes, n=4

30.00

27.50

Fig. 2. The comparison of the CSF glucose levels between the infants
with and those without adverse outcomes in the hypoglycorrhachia
group. No difference in the CSF glucose levels was found between the
infants with adverse outcomes (median 38.5 mg/dL; IQR 6 mg/dL;
ranged 33-40 mg/dL) and those without adverse outcomes (median
37 mg/dL, IQR 3.5 mg/dL; ranged 27-40 mg/dL) in the hypoglycor-
rhachia group (P = 0.625).

065
Without adverse outcomes, n=13

0.607]

0.557

With adverse outcomes, n=4

0.507

0.457

CSF to blood glucose ratio

0.407]

0357 J—

Fig. 3. The comparison of the CSF to blood glucose ratio between the
infants with and those without adverse outcomes in the hypoglycor-
rhachia group. Infants with adverse outcomes (median 0.52; IQR 0.10;
ranged 0.49-0.61) had higher CSF to blood glucose ratio compared to
those without adverse outcomes (median 0.47; IQR 0.12; ranged 0.35-
0.57) in the hypoglycorrhachia group (P = 0.041).

have neurological symptoms during this critical period,
except some patients who exhibit less impaired glucose

Table 3
Genotype Frequencies of SLC2A1 Gene Polymorphism in Young
Infants with Hypoglycorrhachia

SNP/Genotype Hypoglycorrhachia ~ Taiwan reference P
n=22 n=1517

rs1385129 0.628

GG 14 (63.6%) 783 (51.7%)

GA 7 (31.8%) 616 (40.7%)

AA 1 (4.6%) 116 (7.7%)

rs11537641 0.677

GG 17 (77.3%) 1215 (80.1%)

GA 5 (22.7%) 286 (18.9%)

AA 0 (0.0%) 16 (1.1%)

rs2229682 0.603

CcC 18 (81.8%) 1287 (85.0%)

CT 4(18.2%) 218 (14.4%)

TT 0 (0.0%) 9 (0.6%)

SNP: Single nucleotide polymorphism.

transporter 1 functions and show later-onset motor
symptoms, such as dystonia, ataxia, or paroxysmal
dyskinesia [27]. The types of developmental delay
observed in our hypoglycorrhachia patients were motor
and speech delay, motor and cognition delay, and global
delay with autism, diagnosed between 1 and 3 years of
age. Their motor disabilities were relatively mild and
none had the typical motor symptoms, such as paroxys-
mal behavioral disturbance, ataxia, and exercise
intolerance as described in the genetically confirmed
GLUTIDS patients. The hypoglycorrhachia infants
had a high rate of adverse outcomes after years of
follow-up despite none of them having GLUTI1DS, sug-
gesting hypoglycorrhachia in infancy may have adverse
effects on early brain development.

The detection rate of SLC2A4I pathogenic variants
for GLUTIDS varies with different clinical presenta-
tions. The detection rate reaches almost 100% in hypo-
glycorrhachia  patients presented  with  classic
neurological presentations, such as intractable infantile
seizures, acquired microcephaly, and developmental
delay. However, the genetic detection rate is low among
those with minor symptoms without hypoglycorrhachia.
For example, the detection rate of SLC2A41 variants was
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1% in patients with idiopathic generalized epilepsies and
10% in patients with early-onset absence epilepsy
[11,28]. Very few studies have investigated the SLC2A1
variants in young infants with hypoglycorrhachia who
routinely have CSF examinations as a part of a fever
workup. The CSF data derived from these infants may
be more representative of the rate of hypoglycorrhachia
than those from patients with abnormal neurological
presentations in this age group.

We observed no SLC2A1 pathogenic variants among
the febrile infants with hypoglycorrhachia that that was
comparable to GLUTI1DS, even though those patients
had a high rate of the history of mixed-type of develop-
mental delays. These results suggest that long-term
follow-up of the infants who exhibit isolated hypoglyc-
orrhachia is necessary because these patients may have
a high rate of adverse outcomes. A genetic analysis of
the SLC2A1 gene in these patients might not be neces-
sary if they have normal development or do not develop
the classic symptoms of GLUTIDS.

In patients with GLUTI1DS, the severity of clinical
symptoms usually correlates inversely with the CSF glu-
cose levels and the CSF to blood glucose ratios [7]. In
the hypoglycorrhachia group, we didn’t find significant
difference in CSF glucose levels between the patients with
and those without adverse outcomes. However, we found
that patients with adverse outcomes seemed to have
higher CSF to blood glucose ratio than those without
adverse outcomes. Although our study had a relatively
large cohort of febrile infants with CSF data, the number
of infants who had hypoglycorrhachia was relatively
small. Subgroup analysis between even smaller numbers
of patients might lead to some degree of uncertainty. A
multicenter prospective study recruiting a larger number
of febrile infants with hypoglycorrhachia for a longer
time of follow up will be necessary to validate our
findings.

There were some other limitations in this study. 32%
(8/25) of the patients in the hypoglycorrhachia group
did not have available record of blood glucose data at
the time of CSF examination, which implied that hypo-
glycemia might be one of the causes of hypoglycor-
rhachia in some of the infants with hypoglycorrhachia.
The fasting time before blood and CSF examinations
usually cannot be standardized in the febrile young
infants. We only performed MLPA in infants with
mixed-type developmental disorder instead of in all the
patients in the hypoglycorrhachia group. However,
patients who had duplication or deletion in SLC2A41
gene were all reported to have severe clinical presenta-
tions of GLUTIDS [7]. Our results might be post-hoc
findings because of the small sample size. Therefore, a
prospective study with a larger sample size using Sanger
sequencing, MLPA and an erythrocyte 3-OMG uptake
test is needed to address the long-term neurodevelop-
mental outcome and the prevalence rate of SLC2A41

pathogenic variants in neurologically normal young
infants who have hypoglycorrhachia [29].

In summary, one in 25 young infants who exhibit a
normal CSF cell count and sterile CSF had hypoglycor-
rhachia that was comparable to GLUTI1DS. One in 6
children with infantile hypoglycorrhachia had adverse
outcomes. In contrast, none of the infants with hypogly-
corrhachia showed pathogenic variants in the SLC2A41
gene. Hypoglycorrhachia diagnosed in young infants
who are neurologically asymptomatic may be a poten-
tial biomarker for neurodevelopmental delay instead
of for GLUTIDS.
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