EXPERIMENTAL AND THERAPEUTIC MEDICINE 11: 2066-2070, 2016

Neonatal hypoglycemic brain injury is a cause of infantile spasms
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Abstract. Neonatal hypoglycemic brain injury is one of the
causes of infantile spasms. In the present study, the clinical
history and auxiliary examination results of 18 patients who
developed infantile spasms several months after neonatal
hypoglycemia were retrospectively analyzed. Among the
666 patients with infantile spasms admitted to two pediatric
centers between January 2008 and October 2012, 18 patients
developed infantile spasms after being diagnosed with neonatal
hypoglycemia, defined as a whole blood glucose concentration
of <2.6 mmol/l. These patients developed infantile spasms
from between 2 and 10 months (mean, 4.9 months) following
the diagnosis of neonatal hypoglycemia. All 18 patients had
abnormal electroencephalographic findings with either clas-
sical or modified hypsarrhythmia. Upon examination using
brain magnetic resonance imaging (MRI), 10 patients (55.6%)
exhibited abnormalities. The MRI results principally showed a
disproportional involvement of parietal and occipital cortices
and sub-cortical white matter lesions. In conclusion, the results
of this study indicate that neonatal hypoglycemic brain injury
is associated with the subsequent development of infantile
spasms.

Introduction

Infantile spasms are an age-specific epileptic encephalopathy
occurring in early infancy that are characterized by epileptic
spasms with neurodevelopmental regression and electro-
encephalographic (EEG) features of hypsarrhythmia (1,2).
The incidence of infantile spasms is ~0.31 per 1,000 live
births (3,4). The average age of onset of infantile spasms is
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6 months (with a peak age of onset of 3-7 months), and the
prevalence is slightly higher in males (5,6).

Pathophysiological mechanisms underlying infantile
spasms remain elusive; two-thirds of patients have brain
insults, and >200 different etiologies have been found to be
involved in the pathogenesis of infantile spasms (7). Neonatal
hypoglycemia is the most common metabolic disorder during
the neonatal period and is a recognized trigger of infantile
spasms (8-10). Previous studies have found that neonatal hypo-
glycemia may result in hypoglycemic neurological injuries,
also known as neonatal hypoglycemic brain injuries (11-16).
Udani et al examined the etiology of remote symptomatic
epilepsy with onset during the first 3 years of life and observed
that neonatal hypoglycemia was the most common etiology,
with spasms being the most common type of seizure (14).

Although hypoglycemic brain injury induces infantile
spasms, few cases of patients with neonatal hypoglycemia
who subsequently developed infantile spasms have been
reported (9,10). The present study describes the clinical find-
ings for 18 infants with neonatal-onset hypoglycemia who
later presented with infantile spasms, which suggest that
neonatal hypoglycemia is potentially associated with the
subsequent occurrence and development of infantile spasms
during infancy.

Materials and methods

Patients. Data on 666 children with infantile spasms admitted
to the Chinese PLA General Hospital and Beijing Children's
Hospital affiliated with Capital Medical University (Beijing,
China) from January 2008 to October 2012 were retrospectively
analyzed. The study was approved by the Ethics Committee of
the Chinese PLA General Hospital. Written informed consent
was obtained from all patients included in the study.

Diagnosis of infantile spasms. The diagnostic criteria for
infantile spasms were as follows: i) the presence of epileptic
spasms; ii) hypsarrhythmia or modified hypsarrhythmia on
EEG recordings (NicoletOne Ambulatory EEG; Cardinal
Health, Inc., Dublin, OH, USA) prior to treatment; and iii) age
of onset of the infantile spasms between 1 month and
2 years (1). Hypsarrhythmia was characterized by EEG findings
showing a chaotic background with nearly continuous random
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asynchronous high-voltage slow waves and spikes arising from
multiple foci. Modified hypsarrhythmia was defined as the pres-
ence of any of the following: Hypsarrhythmia with increased
interhemispheric synchronization, asymmetric hypsarrhythmia,
hypsarrhythmia with a consistent focus of abnormal discharge,
hypsarrhythmia with episodes of voltage attenuation, and
hypsarrhythmia with small spikes or sharp activity (17).

Diagnosis of neonatal hypoglycemia. Neonatal hypoglycemia
was confirmed by laboratory results during the neonatal
period based on a review of medical records. Hypoglycemia
was defined as a condition in which the whole blood glucose
concentration was <2.6 mmol/l (18).

Seizure analysis. Seizure semiology was analyzed based
on clinical history, contact with parents or caregivers, and
video-EEG recordings. All patients received long-term
video-EEG recordings and neuroradiological investigations
following the onset of spasms but prior to antiepileptic treat-
ment. For the majority of patients, magnetic resonance imaging
(MRI; GE Signa EXCITE 1.5T MRI machine; GE Healthcare
Life Sciences, Chalfont, UK) of the brain was repeated more
than once to better clarify the tomography of lesions. These
retrospective data were collected by two of the authors (Dr Shi
and Dr Wang); the retrospective study protocol was stringently
followed so that no bias was introduced in this process. The
final brain MRI images were analyzed by two different authors
(Dr Tian and Dr Yao), who are experienced neuroradiologists,
in order to benefit from the optimum imaging quality and to
identify the precise extent of chronic brain damage.

Results

Case selection. Among the 666 diagnosed cases of infantile
spasm, 22 patients suffered from neonatal hypoglycemia with
a whole blood glucose concentration of <2.6 mmol/l during
the neonatal period. Among these 22 patients, 4 cases were
excluded, comprising 2 patients who presented with perinatal
asphyxia, 1 patient who had brain malformations, and 1 patient
who exhibited a chromosome abnormality. These complications
identified in the 4 patients might have jointly contributed to the
subsequent spasms. Among the recruited 18 patients, there were
16 boys, and 2 girls. Seventeen of the patients were full-term
infants at birth, whereas one was premature. Once the diagnosis
of neonatal hypoglycemia was confirmed, glucose was immedi-
ately supplemented intravenously. The case selection process is
presented in Fig. 1.

Risk factors. With regard to the risk factors of the 18 cases of
neonatal hypoglycemia, there were 6 cases with poor feeding,
5 cases with diabetic mothers, 3 cases afflicted by neonatal
swallowing syndrome, 1 preterm infant, and 3 cases with no
clear cause. All these subjects were confirmed to have neonatal
hypoglycemia at 1-4 days after birth. Neonatal seizures were
observed in 5/18 (27.8%) children prior to the development of
infantile spasms. The patients developed infantile spasms at a
range of 2 to 10 months (mean, 4.9 months) after the diagnosis
of neonatal hypoglycemia, which is consistent with previously
reported data (6). The detailed clinical data on these 18 cases
are presented in Table I.
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666 children with infantile spasms admitted to 2
pediatric centers over a 5-year study period

644 patients excluded without neonatal
hypoglycemia

22 patients with confirmed diagnosis of neonatal
hypoglycemia before onset of spasms

4 patients excluded
-2 with perinatal asphyxia
-1 with brain malformation
-1 with chromosome abnormality

k.

18 patients were recruited for study

Figure 1. Flow diagram of the case selection progress.

EEG results. The video-EEG results of these patients prior
to antiepileptic treatment were analyzed, and all 18 patients
exhibited abnormal EEG findings. The interictal EEG record-
ings of 12 patients (66.7%) revealed classical hypsarrhythmia,
whereas those of the other 6 patients (33.3%) exhibited modi-
fied hypsarrhythmia.

MRI examination. Upon brain MRI examination, 8 patients
(44.4%) had structurally normal brains. However, the images
of the other 10 patients (55.6%) were abnormal, primarily
showing disproportionate involvement of the parietal and
occipital cortices and sub-cortical white matter lesions. In
case 16, the brain MRI showed bilateral parieto-occipital
encephalomalacia foci (Fig. 2).

Discussion

Infantile spasms are an age-specific epileptic syndrome asso-
ciated with diverse etiological factors. Patients with infantile
spasms often have poor developmental outcomes. Extensive
and broad categories of etiologies, including prenatal,
perinatal, and postnatal insult, have been involved in the
pathogenesis of infantile spasms. Furthermore, almost any
brain abnormality or injury can potentially cause infantile
spasms (7).

Neonatal hypoglycemic brain injury is a cause of infantile
spasms. However, few large systematic studies have been
conducted to characterize the association of neonatal hypogly-
cemic brain injury with infantile spasms. The lack of glucose
can selectively impair multiple brain regions, including the
superficial cortex, dentate gyrus, hippocampus, and caudate
putamen; this impairment occurs through several putative
mechanisms, such as the release of excitatory neurotrans-
mitter (19), increased mitochondrial free radical generation
and initiation of apoptosis (20), activation of neuronal nicotin-
amide adenine dinucleotide phosphate (NADPH) oxidase (21),
and altered cerebral energetic characteristics (22,23). In one
study in which the etiology of remote symptomatic epilepsy
with onset during the first 3 years of life was examined, it was
observed that neonatal hypoglycemia was the most common
etiology, and infantile spasms were the most common type of
seizure (14).
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Table I. Clinical data on 18 patients with infantile spasms after neonatal hypoglycemia.

Age at onset Age at onset

Case of spasms Birth of NH Neonatal
no. Gender (months) status (days) seizures EEG results Brain MRI results
1 Male 3 Full term 2 No Hypsarrhythmia Bilateral corona radiata and
occipital abnormal signal
intensity
2 Male 8 Preterm 2 No Hypsarrhythmia Bilateral centrum semiovale
abnormal signal intensity
3 Female 5 Full term 3 Yes Modified Bilateral parieto-occipital
hypsarrhythmia cystic damage
4 Male 4 Full term 3 No Hypsarrhythmia Normal
5 Male 4 Full term 2 Yes Hypsarrhythmia Left occipital cystic damage
6 Male 35 Full term 3 No Hypsarrhythmia Normal
7 Male 6 Full term 2 No Hypsarrhythmia Bilateral occipital polycystic
damage
8 Male 2 Full term 2 No Modified hypsarrhythmia Normal
9 Male 4 Full term 4 Yes Modified hypsarrhythmia Normal
10 Male 7 Full term 3 No Hypsarrhythmia Bilateral occipital
periventricular white matter
abnormal signal intensity
11 Male 4 Full term 2 No Hypsarrhythmia Right parieto-occipital cyst
damage
12 Female 10 Full term 1 No Hypsarrhythmia Normal
13 Male 5 Full term 3 Yes Hypsarrhythmia Bilateral occipital polycystic
damage
14 Male 6 Full term 4 No Modified hypsarrhythmia Normal
15 Male 4 Full term 3 No Hypsarrhythmia Normal
16 Male 6 Full term 2 No Hypsarrhythmia Bilateral parieto-occipital
cystic damage
17 Male 4 Full term 2 Yes Modified hypsarrhythmia Bilateral parieto-occipital and
right temporal cystic damage
18 Male 2 Full term 3 No Modified hypsarrhythmia Normal

NH, neonatal hypoglycemia; EEG, electroencephalographic; MRI, magnetic resonance imaging.

Infantile spasms following exposure to neonatal hypogly-
cemia are relatively rare and, to the best of our knowledge,
have been described in only two previous reports with a
total of 6 patients (9,10). In the present study, the clinical,
biochemical, EEG, and neuroradiological characteristics of
18 patients with neonatal-onset hypoglycemia who subse-
quently developed infantile spasms are reported. This case
series suggests that neonatal hypoglycemic brain injury could
be an underlying cause of infantile spasms later in the infancy
period. The latency period of infantile spasms following the
onset of neonatal hypoglycemia was 2-10 months in this case
series, and epileptogenic neutral circuits could be formed
during this period. This finding is consistent with previous
observations that the duration of latency between the onset
of insult and the development of infantile spasms is vari-
able (9,24). This temporal latency may be explained by the
developmental desynchronization hypothesis, which is that
an insult results in desynchronization of the development
between the abnormal cortical areas and the subcortical

structures. This desynchronization disrupts normal func-
tional interactions and becomes increasingly important as
the brain matures, resulting in a functional deficit that causes
infantile spasms (25).

In our previous studies, which involved an animal model
of NMDA-induced stress and clinical epidemiological
analysis, it was found that prenatal adverse stress is associ-
ated with infantile spasms (26,27). Shi et al (28) proposed
a hypothesis (known as Zou's hypothesis) of prenatal stress
exposure for infantile spasms. This hypothesis states that
diverse etiological factors, for example, brain dysplasia and
inherited metabolic diseases, are the foundations for the
onset of infantile spasms, whereas adverse stress occurring
during the perinatal period causes the onset of infantile
spasms. Moreover, the mutual effects of these two aspects
may cause the occurrence of infantile spasms. A close asso-
ciation exists between neonatal hypoglycemia and stress.
Adverse perinatal stress is an important cause of neonatal
hypoglycemia (29,30). A study conducted in newborn piglets
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Figure 2. Brain magnetic resonance imaging (MRI) and electroencephalographic (EEG) images of a subject with infantile spasms. (A) Axial T2- and
(B) T1-weighted MRI demonstrating the bilateral parieto-occipital encephalomalacia foci. (C and D) EEG showing classical hypsarrhythmia.

has demonstrated that neonatal hypoglycemia may also
affect the functions of brain cells by causing specific changes
in the cerebral N-methyl-D-aspartate receptor-associated ion
channel, which may subsequently trigger spasms (31).

With regard to the cause of the 18 cases of neonatal hypo-
glycemia in the present study, the majority of these cases
were exposed to various risk factors, including a diabetic
mother, delayed feeding, neonatal swallowing syndrome and
prematurity. Delayed feeding may be one reason that some
healthy term neonates were hypoglycemic. Some newborns
were not given formula milk or sweet water in the few hours
after birth, even if the mother's breast milk was lacking
because of the promotion of breastfeeding by the govern-
ment. Although hyperinsulinemic hypoglycemia has been
listed as an etiology of infantile spasms, the insulin levels
for those patients with neonatal hypoglycemia were not
examined for the patients in the present study.

In the present study, all 18 patients had abnormal EEG
findings with either classical or modified hypsarrhythmia.
Moreover, more than half of the patients (55.6%) presented
abnormal MRI results. Because of the complexity of a
newborn's circumstances, other factors that may dispose to
brain injury, such as asphyxia, premature birth, low birth
weight and maternal factors complicated the clinical case

study. However, in 10 cases with MRI anomalies, all showed
occipital white matter damage, consistent with hypogly-
cemic injury to susceptible parts of the brain mentioned in
the literature (16,23); therefore, it was considered these MRI
changes were mainly induced by hypoglycemia. Previous
studies have reported that structural and functional cortical
abnormalities in patients with infantile spasms have a
predilection for posterior brain areas (32,33). In the present
study, MRI neuroimaging principally showed a dispropor-
tionate involvement of parietal and occipital cortices and
sub-cortical white matter lesions.

The significance of this study is that it provides clinical
evidence that neonatal hypoglycemic brain injury is an
important cause of infantile spasms. Whether timely treat-
ment of hypoglycemia will prevent the onset of infantile
spasms and poor developmental outcome is uncertain, but
a better understanding of the pathophysiological linking
between neonatal hypoglycemia and infantile spasms could
result in the development of more effective neuroprotec-
tive strategies. This study highlights the potential risks of
neonatal hypoglycemia, particularly in inadequately treated
patients, and it must be emphasized that close neurological
follow-up is important in children who suffer from neonatal
hypoglycemia.
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