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ABSTRACT
Cerebral metabolism is mainly dependent upon glucose utilization. 
In newborn infants, low blood glucose levels cause to neuronal 
and glial cell death, and hence associated with long-term neuro
developmental handicaps. Occipital and parietal lobes are most 
severely affected regions of the brain on imaging techniques 
in infants suffered from brain damage as a result of neonatal 
hypoglycaemia. On neurodevelopment follow up, the mental and 
psychomotor developmental indexes of the children who suffered 
from hypoglycaemia during newborn period are significantly low. 
Hence, early diagnosis and treatment of neonatal hypoglycaemia is 
mandatory to prevent the long-term neurological sequelae. 
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INTRODUCTION
A newborn is transferred from intrauterine life in which the 

placenta continuously ensures all the nutriments, primarily glucose, 
to the newborn period in which glucose is ensured in different 
amounts and discontinuously after birth. If there is insufficient 
metabolic adaptation and glucose homeostatis is not ensured then 
hypoglycaemia may be seen in this transitional period. 
    Van Crevald first mentioned carbohydrate metabolism and 
hypoglycaemia in preterm infants in an article in 1929[1]. Hartman 
and Jaudon graded hypoglycaemia by researching infants with 
symptomatic hypoglycaemia and showed that hypoglycaemia is an 
important cause of neonatal mortality and morbidity[2]. Although 
permanent damage of the newborn’s brain has been shown by 
neurodevelopmental assessments, pathological examinations, 
animal experiments, neurophysiological and neuroimaging 
methods, this information is inadequate when determining which 
level of hypoglycaemia causes hypoglycemic damage, in what 
length of time and in which infants[3,4].
    A description of hypoglycaemia is difficult because the response 
to low blood sugar and subsequent brain damage caused by 
hypoglycaemia may be influenced by many factors. When these 
factors are identified over time, it enables us to determine those 
infants with a risk of hypoglycaemia and find suitable treatments 
to prevent any hypoglycaemic brain damage[5,6]. The American 
Academy of Pediatrics Fetus and Newborn Committee determined 
the confidence interval of blood glucose levels in their guidelines 
for infants with hypoglycaemic risk in 2011 and indicated 
that there was no certain level of blood glucose to determine 
hypoglycaemia[5]. 

THE DEFINITION OF HYPOGLYCAEMIA
Although hypoglycaemia is determined by the low blood glucose 
level that affects the neurological and developmental prognosis, the 
numerical definition is extremely complicated and contradictive. 
Hypoglycaemia in newborns is mostly asymptomatic because 
the newborns’ brain is not mature enough. Studies which have 
tried to identify the lowest level of blood glucose in determining 
asymptomatic hypoglycaemia are not sufficient to form a 
concensus[7]. 
    The most frequently used limit value of blood glucose < 47 mg/



Hosagasi NH et al . Hypoglycaemic Neuronal Injury

270

L (< 2.6 mmol/L) was generally accepted after a comprehensive 
study which evaluated the neurodevelopmental results[8-10]. There 
is a concensus about the treatment of symptomatic hypoglycaemic 
infants and especially those with neurological symptoms who 
should be treated immediately. Whereas the limit value of blood 
glucose for hypoglycaemia in these infants was 45-47 mg/dL (2.5-
2.6 mmol/L) according to most authors, the guidelines of the AAF 
published in 2011, defined the limit as < 40 mg/dL[3,5,6,11].

Clinical approach
The clinical approach determines the blood glucose levels where 
clinical symptoms are seen. This approach can be summarized 
by whipple triad; (1) Characteristic clinical findings; (2) Low 
blood glucose levels evaluated concurrently in a sensitive and 
correct manner; (3) Improvement in clinical symptoms after 
normoglycaemia.
    However, this definition is inadequate for asymptomatic 
hypoglycaemic infants because the symptoms of hypoglycaemia 
are not seen in certain infants with the low glucose levels. In this 
way, it is not certain whether confirmed glucose levels can cause 
neurological damage or not[7,9]. 

Epidemiological approach
Hypoglycaemia can be defined as those glucose levels not 
included in the normal glucose levels of the healthy population. 
Empirically, the values -2 standard deviation (SD) under normal 
distribution are accepted as hypoglycaemia. Alkatay et al evaluated 
the plasma glucose threshold of 723 healthy term newborns by 
metaanalysis. They evaluated the 5. percentile values of plasma 
glucose concentration (PGC) as 27 mg/dL for 1-2nd hours, 40 mg/
dL for 3-23rd hours, 41 mg/dL for 24-47th hours, 48 mg/dL for 
48-72nd hours[12]. In fact these values represent only one of the 
continuous glucose levels of those infants who are at the metabolic 
adaptation period and are strongly associated with the feeding type, 
feeding time, gestation age and postnatal age. This approach does 
not consider the complex metabolic status of the infants or any 
alternative energy sources. Most importantly, there is no correlation 
between this approach and clinical results[9].

Neurophysiological approach
According to this approach, the glucose level for hypoglycaemia 
is the value that hormonal changes and counter regulatory 
mechanisms, like an increase in blood flow in the brain, are seen 
or the value at which neurophysiological abnormalities begin. 
Pryds et al found an increase in the compensatory cerebral 
blood stream in 10 hypoglycaemic newborns when the glucose 
level was under 30 mg/dL (1.7 mmol/L); in fact they found 
that the visual  evoked  potentials (VEP) and the amplitude-
integrated  electroencephalography (EEG)  were normal[13]. In 
addition, the effects of these values on neurodevelopment as well as 
the importance of these values to determine hypoglycaemia are not 
known.

The approach according to long term neurological results
This approach is more readily accepted because it is supported by 
clinical research. In fact the results of the studies about the effect of 
hypoglycaemia on neurodevelopment conflict with each other. After 
an empirical study which found that average level hypoglycaemia 
in asymptomatic preterm infants caused developmental disorders; 
a cohort study was conducted with 566 preterm infants and no 
neurodevelopmental disorders were found in 47 hypoglycaemic cases 
between the ages of 2 and 15[8,14]. Cornblath et al improved a new 

definition called ‘operational threshold’, based on the assumption 
that a single hypoglycaemic value for all patients can be never 
defined. Operation threshold is defined as the blood or plasma 
glucose concentration when clinicians have to intervene. Although it 
is a pragmatic approach, it creates a safe area for patients. Operation 
threshold and target glucose levels are completely different. 
According to Cornblath et al, the operational threshold of term 
infants with impaired metabolic adaptation is 36 mg/dL, whereas the 
target glucose level should be 45 mg/dL[3,11].

GLUCOSE METABOLISM IN THE BRAIN
Neurons and erythrocytes do not oxidise fatty acids and they 
are glucose dependent. Therefore glucose is essential for brain 
metabolism as is oxygen. Glucose is not only used to energize, 
it also plays a role in their biosynthetic process. The major 
part of glucose utilization occurs in the brain during the early 
newborn period. The newborn’s brain mass is relatively bigger. 
This is explained by their having 2-3 times more hepatic glucose 
reproduction than adults[15].
    The glucose transportation of the brain is dependent on the blood 
glucose concentration as well as glucose transporter proteins which 
transport the glucose with facilitated diffusion from the blood-brain 
barrier[15,17]. Glucose transporter-1 (GLUT-1) which is located in 
the blood-brain barrier and glias are also commonly located in the 
fetal brain from an early time. GLUT-3 is the second most common 
glucose transporter, located in neuron membranes, and has a similar 
localization with glucose utilization distribution. These transporter 
proteins are commonly located infratentorially in the early infant 
period. In fact these proteins are located supratentorially in mature 
brains[16]. The energy generation of the brain is shown in Figure 
1[15].
    Ketone bodies (β-hydroxybutyrate, acetoacetate) and lactate 
which are alternative energy sources, are used instead of glucose in 
hypoglycaemic status to prevent the immature brain from negative 
effects[15,17]. In vitro studies about alternative substrats in rats, shown 
that the lactate and β-hydroxybutyrate concentrations of newborn 
rat brains was two times higher than in adult rats and in fetal rats 
it is six and two times higher than in adult rats respectively[18]. 
A study of newborn dogs showed that 95% of energy sources in 
normoglycaemia status were made up of glucose, 4% lactate, 0.5% 
ketone. In hypoglycaemia induced with insuline, 48% glucose 
and 52% lactate were used. In this study there was no significant 
difference concerning the use of ketone[19].
    One of the end products of lipolysis are keton bodies which are 
important, because the brain can not use free fatty acids to energize 
in hypoglycaemia. Consequently keton bodies are used to energize 
the brain[15]. An increase in ketone bodies was shown in the early 
neonatal period in Howdon’s study. In fact this increase was 
inadequate in preterm infants even with low glucose concentrations. 
The same study showed that term infants who were given breast 
feeding had higher ketone levels[20]. The use of ketone bodies in the 
brain is shown in Figure 2[15]. There is no problem as regards the 
metabolic adaptation of normal birth weight term infants, if there 
is no problem with hormonal regulation. Nevertheless the risk of 
hypoglycaemia is higher in low birth weight preterm infants who 
have a lack of glucogen and fat storage, immature enzymes and are 
inadequate in reproducing alternative energy.

IMPAIRED METABOLIC ADAPTATION
Hypoglycaemia is seen when the consumption of glucose is higher 
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than glucose production. That occurs with two mechanisms; 
(1) Ensuring inadequate glucose: inadequate glucogen storage; 
impaired glucose production; (2) An increase in glucose 
consumption.
    The reasons for impaired metabolic adaptation are shown in 
Table 1[21].
    Those newborns who have potential deficiency in the basic 
mechanism of metabolic adaptation are determined as being at 
risk. The groups that were at risk in the guidelines published in 
2011 by the American Academy of Pediatrics Fetus and Newborn 
Committee were as follows[5]; (1) Late preterm; (2) Small for 
gestational age; (3) Infants of diabetic mothers; (4) Large for 
gestational age.

ETIOLOGY OF HYPOGLYCAEMIA AND 
RISK FACTORS
The most important typical feature in determining the etiology 
and risk factors is to decide whether hypoglycaemia is transient or 
persistent. Transient hypoglycaemia is seen in less than 3-5 days; 
persistent hypoglycaemia is seen in more than 5-7 days[22]. The 
reasons for persitent hypoglycaemia are shown in Table 2[23].
    The reasons for transient neonatal hypoglycaemia are[22,24,25] : (1) 
Inadequate glucose production: Prematurity; Intrauterine growth 
restriction; Postmaturity; Sepsis; Perinatal asphyxia. (2) Excessive 
glucose use: Infants of diabetic mothers; Intrauterine growth 
restriction; Perinatal asphyxia; Sepsis; Cyanotic heart disease or 
congestive heart disease; Erythroblastosis fetalis; High umbilical 
artery catheter; Polycythemia; Drugs used by the mother (beta-

sympathomimetics, oral antidiabetics); Large for gestational 
age; Infant of toxemic or preeclamptic mothers; Hypothermia; 
Interruption of intravenous fluid fast.

THE SYMPTOMS OF HYPOGLYCAEMIA IN 
THE NEWBORN PERIOD
Hypoglycaemia in the newborn period is commonly seen to be 
asymptomatic. The findings of symptomatic hypoglycaemia are 
often faint and nonspecific; and so a suspect is needed to identify 
these signs. The symptoms are caused by the activation of the 
adrenergic system in the neurological system or decreased glucose 
and oxygen (Table 3)[25,26]. The most common symptoms are 
light-to-moderate impaired consciousness such as irritability and 
lethargy; these symptoms recover when blood glucose is regulated. 
Respiratory depression, hypotony, coma may be seen in severe and 
elongated hypoglycaemia and these symptoms may not recover 
immediately with glucose supplementation[26-28]. Convulsion is 
commonly seen after elongated or recurrent hypoglycaemia and 
rarely seen in the early periods; it is correlated with the severity 
of the hypoglycaemia. Jitteriness is one of the most common 
symptoms of hypoglycaemia, it is not suitable to determine 
hypoglycaemia because it may be seen in healthy term infants[22,24].

THE EFFECTS OF HYPOGLYCAEMIA IN THE 
BRAIN
The brain of a newborn is more resistant to hypoglycaemia than 
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the brain of an adult. Firstly, the newborn’s brain is immature so 
that energy utilization rate is 30% lower. Secondly blood flow in 
the brain increases even in intermediate hypoglycaemia. Glucose 
extraction in the brain and the use of alternative substrates by the 
brain increases in hypoglycaemia. Cerebral high-energy phosphate 
(ATP) is conserved even in severe hypoglycaemia. Astrocytes 
can store few glucogens. Finally, a newborn’s cardiovascular 
system is not greatly affected by hypoglycaemia; in fact an adult’s 
cardiovascular system’s functions decrease[15,24,29,30].
    The pathophysiology of hypoglycaemic brain damage is defined 
as either early or late period.

The early effects of hypoglycaemia in brain metabolism
Glucose needed for brain metabolism depends on the plasma 
glucose concentration and the brain blood stream in order to 
transport it to the brain. When blood glucose concentrations 
decrease, the brain blood flow increases as a first compensation 
mechanism. It has been shown that when the plasma glucose 
concentration of preterm infants is < 30 mg/dL, the brain blood 
stream increases; when hypoglycaemia is regulated the blood flow 
returns to its normal rate. In a study into newborn dogs, a significant 
brain blood stream increase was found when insuline induced 
hypoglycaemia occurred. This increase was locally differentiated 
as being 172-250% higher than in the control group. On the other 
hand the glucose consumption rate did not vary[29,30].
    The glucose metabolism rate decreases and alternative glucose 
substrates are used to control brain energy levels in severe and 
elongated hypoglycaemia. The metabolization rate of notably 
lactate, ketone bodies and aminoacids increases. The levels of 
exitator and inhibitor aminoacids change and brain ammonia levels 
increase. Acetyl-Coa syntheses and acethylcoline levels decrease 
because of the lack of glucose[15].

The late term effects of hypoglycaemia in brain metabolism
The effects of hypoglycaemia in immature brains in relation 
to the damage in gray and white matter have not been defined 
clearly. Studies into this subject are mostly conducted as animal 
experiments and cell culture tests.
    Biochemical effects start to be observed in brain metabolism 
when alternative energy substrates are finished in hypoglycaemia. 
It is accepted that toxic exitator aminoacids cause necrosis in 
hypoglycaemia. It was found that extracellular concentration 
of exitator aminoacids (aspartate, glutamate) increased and the 
activation of N-metil-D-aspartate (NMDA) type glutamate receptor 
antagonists fixed neuronal damage. NMDA type glutamate 
receptors are seen commonly in immature brains as are other 
ionotrophic receptors. Their numbers decrease in inverse proportion 
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Figure 2 Use of ketone bodies in the brain.

Table 1 Risk factors for impaired metabolic adaptation.
Postnatal metabolic changes Risk factors
Hormones
Insulin falls Neonatal hyperinsulinism - diabetic 

mother baby or idiopathic
Glucagon surge Possibly blunted by iv glucose or formula 

feeds 
Catecholamine surge Maternal use of β-blockers
Cortisol – weak effect Pituitary or adrenal insufficiency
Metabolic processes
Glycogenolysis Prematurity, intrauterine growth 

restriction -insufficient stores
Perinatal hypoxia and ischemia - rapidly 
depleted stores
Hyperinsulinism 
Maternal use of β-blockers 
Glycogen storage disorders

Gluconeogenesis Hyperinsulinism 
Maternal use of β-blockers 
Hepatic dysfunction
Very rare inborn errors of metabolism

Lipolysis Prematurity, intrauterine growth 
restriction -insufficient stores
Hyperinsulinism 
Maternal use of β-blockers

Ketogenesis Defects of β-oxidation of fatty acids 
Hepatic dysfunction

iv: Intravenous.

Table 2 Metabolic and endocrine causes of persistent hypoglycaemia.
Hyperinsulinism Congenital hyperinsulinism

Beckwith - Wiedemann syndrome
Counter-regulatory 
hormone deficiency

Hypopituitarism
Growth hormone deficiency
Adrenal steroid disorders

Fatty acid oxidation 
disorders

Medium- and long-chain fatty acid 
oxidation disorders

Gluconeogenic disorders Fructose- 1,6-biphosphatase deficiency
Glycogen storage disorders Glucose-6-phosphatase deficiency
Others Galactosemia

Maple syrup urine disease
Propionic acidemia

Table 3 Clinical signs and symptoms of hypoglycaemia.
Symptoms associated with 
activation of the autonomic 
nervous system due to rapid 
decline in blood glucose level)

Symptoms associated with 
decreased cerebral glucose and 
oxygen utilization due to severe 
prolonged hypoglycaemia 

Sweating Lethargy,  Stupor, Coma
Tachycardia Restlessness, Irritability
Blood pressure instability Respiratory distress, apnea
Nausea, vomiting Cyanotic episodes
Body temperature instability Baby sucking reluctance
Hypotonia Brief myoclonic jerks
Tremor Deviation of the eyes, convulsion
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to brain maturity[31-34]. Synaptic functions degenerate and exitator 
aminoacids are excreted massively based on a lack of energy. 
ATP-dependent glutamate uptake in glial cells also decreases and 
glutamate increases in the presynaptic gap stimulating NMDA 
associated ion channels. Ca and Na are ingested to cells, then a 
cascade of intracellular activities which cause neuronal necrosis and 
apoptosis are triggered[35]. The energy dependent transmembrane 
gradient of NA and Ca is not provided because of the low ATP 
levels caused by hypoglycaemia; then Ca and Na accumulate in 
the cells. Calcium activates cellular phospholipase and protease 
and changes the mitochondrial metabolism, causing free radical 
formation and even selective neuron necrosis. Na increases in cells 
cause edema with varying transmembrane potentials[15,31].
    Reductor substrates are not sufficiently ensured for mitochondria 
in hypoglycaemia and so free oxygen radicals occur because 
molecular oxygen in mitochondria can not be reduced. This is 
another mechanism which causes hypoglycaemic encephalopathy. 
Increased free oxygen radicals cause oxydant damage in the 
mitochondrial proteins and DNA. Damage to the mitochondrial 
DNA blocks the enzyme transcription of the electron transport chain 
and ATP reproduction of the cell is interrupted[31]. The brain effects 
of hypoglycaemia are shown in Figure 3[37]. McGoven et al found 
that superoxide and hydrogen peroxide levels in the brain increased 
when insulin induced hypoglycaemia was performed on newborn 
pigs[38]. In another study intermediate and severe glucose inhibition 
occured in the hippocampus cells and it was concluded that free 
oxygen radical formation and intracellular Ca accumulation could 
or could not be avoided with NMDA receptor antagonists. Ca 
accumulation and free oxygen radical formation could be avoided 
in intermediate glucose inhibition whereas they could not be 
avoided in severe glucose inhibition. This result was observed to 
be a free radical formation which causes neuron damage associated 
with excitotoxins and intracellular Ca accumulation in intermediate 
hypoglycaemia. In severe hypoglycaemia it is associated with a 
lack of energy, not excitotoxins[39].
    Brain damage is increased because of the synergic effect of a 
combination of hypoglycaemia and hypoxia. Anaerobic glycolyses 
during hypoxia cause glucose to be used rapidly. Although the 
biochemical damage caused by hypoxia or hypoglycaemia has 
similar characteristics, there are some differences in the affected 
localizations. Hypoxic-ischemic encephalopathy (HIE) is commonly 
seen with cerebral infarctus, in fact selective neuronal necrosis is 
seen in hypoglycaemic brain damage. It was found with screening 
methods and postmortem studies that some of the significant brain 
areas are more sensitive to hypoglycaemia. The occipital lobe, 
dentate gyrus of the hippocampus and basal ganglions are sensitive 
to hypoglycaemia, whereas the cerebral trunk and cerebellum 
affected in HIE are resistant to hypoglycaemia[24].

THE NEUROLOGICAL EFFECTS OF HYPO-
GLYCAEMIA
Although there are many studies into the neurological effects of 
newborn hypoglycaemia there is no common concensus about the 
neurodevelopmental effects of hypoglycaemia[30,40]. Hypoglycaemia 
and other brain damage factors such as hypoxia are commonly 
seen together so that explaining the effects of hypoglycaemia 
in neurodevelopmental prognosis is more complicated. There 
is insufficient information about below which level of glucose 
concentration, in which infant and in what time period central nervous 

system damage occurs. Despite the conflicting available clinical 
data certain generalizations about hypoglycaemia can be made. 
When excessive and persistent low glucose concentration (0-18 mg/
dL) is continuous for 1-2 hours and severe neurological symptoms 
(coma and convulsion) are observed, without accompanying central 
nervous system pathology (HIE, intracranial bleeding, infection, 
etc.) neurologic damage due to hypoglycaemia may be diagnosed[41]. 
Williams summarized the minimum requirements in order to attribute 
neurological sequels to hypoglycaemia in his article about the legal 
dimensions of hypoglycaemia: brain damage pattern defined by 
neuropathological literature has to be observed along with diagnostic 
screening methods and Whipple triad must be satisfied[42].
    A retrospective multicenter study into glucose concentrations, 
hypoglycaemia incidence and the effects of hypoglycaemia in 
Bayley motor and mental scale were researched in 661 preterm 
infants who were under 1850 g. Intermediate hypoglycaemia 
(PGC < 2.6 mmol/L or 47 mg/dL) was seen in 433 infants. 
Many factors affecting neurodevelopment were considered and 
a strong relationship was found between the number of days that 
hypoglycaemia had been seen and the Bayley motor and mental 
scale. Hypoglycaemia above 5 or more days decreased the Bayley 
motor and mental scales by 13 and 14 points in corrected 18th 
months, respectively. The incidence of neurological defects such 
as cerebral palsy and developmental retardation (mental-motor 
scale ≤ 70 vs) increased 3.5 times[8]. These data were described 
as prolonged and recurrent hypoglycaemia increases the risk of 
neurodevelopmental damage. On the other hand, when the patients 
were examined at the age of 7.5-8, only arithmetic and motor 
test results were found to be low so it was understood that the 
abnormalities recorded previously were temporary.
    The effects of transient hypoglycaemia were studied (first hour 
after birth < 2.2 mmol/L, after < 2.5 mmol/L) in large for gestation 
age infants to their neurodevelopment at the age of 4; the Denver 
developmental scale results of 60 hypoglycaemic infants and 15 
normoglycaemic infants were compared, the negative effects of 
mild transient hypoglycaemia about psychomotor development were 
not shown[43]. The study which researched the long term effects of 
hypoglycaemia in the small for gestation age preterm infants found 
a strong relationship between recurrent mild hypoglycaemia (< 2.6 
mmol/L or 47 mg/dL), low head circumference percentile and low 
psychomotor scores at the age of 5[44]. Stenninger et al compared 
the eighth year motor and developmental results of 13 infants of 
diabetic mothers who had PGC < 1.5 mmol/L (27 mg/dL), 15 
normoglycaemic infants of diabetic mothers and 28 healthy infants. 
Children who had neonatal hypoglycaemia, had minimal brain 
disfunction concerning attention, motor control and perception, 
when compared with normoglycaemic infants of diabetic mothers 
and the healthy group[45]. Developmental retardation and neonatal 
morbidities were studied using a community-onset questionnaire 
conducted among the parents of gestation age 32-36 week preterm 
infants. 832 children were evaluated in this study. It was found by 
multivariate analyses that hypoglycaemia increased developmental 
retardation at a ratio of 2.1[46].
    Associated factors with neurological damage caused by neonatal 
hypoglycaemia were considered in a recent study; hypoglycaemic 
newborns who had severe neurological sequels (cerebral palsy, 
mental retardation, epilepsy, etc) were compared with those who 
had no such neurological sequels. It was discovered that PGC < 
15 mg/dL, duration of hypoglycaemia, toxemia, fetal distress, 
icterus, low Apgar score and convulsion increased the risk of brain 
damage[47].
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was seen in only 6 cases. Cases with persistant abnormal screening 
results had lower plasma glucose levels and a higher rate of 
abnormal neurological results compared with those who had only 
temporary abnormal screening results[49].
    It was was found that hypoglycaemia is associated with increased 
risk for brain injury and adverse neurodevelopmental outcome 
in newborn infants whom have risk for encephalopathy. A recent 
study including 94 HIE cases with hypoglycaemia (blood glucose 
< 46 mg/dL) in postnatal 24 hours found that concomitant neonatal 
hypoglycaemia increased corticospinal damage 3.7 times and 
decreased the motor and mental scores on the Bayley Scales of 
Infant Development Test[51]. Burns et al reported that brain damage 
caused by symptomatic hypoglycaemia was more various than 
known and early MRI was more directive than the hypoglycaemia 
stage and duration in predicting the neurodevelopmental prognosis. 
According to this study white matter abnormalities were found 
at a rate of 94%, posterior lobe was affected predominantly in 
29% of cases. Of the cases, 51% had cortical abnormalities, 30% 
white matter haemorrhage, 40% lesions of the basal ganglion 
and thalamus and 11% internal capsule abnormalities[49]. Tam 
et al demonstrated that restricted diffusion in the occipital lobe 
was present in half of 16 term infants of 25 newborns who 
were screened by diffusion weighted MRI within 6 days after 
hypoglycaemia had been determined. This sign was not found in 
preterm infants. Occipital restricted diffusion was not demonstrated 
in any MRI taken 6 days after hypoglycaemia. It was found 
that restricted diffusion was associated with abnormal cortical 
VEP[50]. It should be particularly noted that these neuroimaging 
studies included those infants who had severe and prolonged 
hypoglycaemia and encephalopathy. There is no screening evidence 
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NEUROIMAGING IN HYPOGLYCAEMIA
Cranial ultrasound screening does not provide enough help in 
concomitant structural anomalies (i.e., septo-oblic dysplasia). 
Hypoglycaemic damage can not be eliminated by ultrasound, 
particularly since hypoglycaemia affects the posterior parts of 
the brain[40]. Magnetic resonance screening (MRI) is a method 
mainly used to determine hypoxic brain damage. Although 
changes in white matter and thalamus are especially seen in acute 
cases by diffusion-weighted T1 and T2 sequence; periventricular 
leucomalacia is seen primarily in chronic cases. Positron emission 
tomography (PET) measurements of the uptake of the glucose 
analog, [18F] 2-fluoro-2-deoxy-d-glucose (FDG), demonstrates 
their potential for scanning for hypoglycaemia related to congenital 
hyperinsulinism of infancy[36]. The best time to show non-specific 
damage of white matter is during screening 5-14 days after 
hypoglycaemia. MRI also helps to determine hypoxic ischemic 
brain damage and cerebral venous sinus thrombosis which are 
important for definitive diagnosis[17]. It was shown in MRI that 
restricted diffusion in the parieto-occipital area was associated 
with hypoglycaemia[48-50]. In fact it could not be explained why 
the occipital lobe was more sensitive to hypoglycaemia. Alkalay 
et al reviewed 22 early hypoglycaemic cases. Severe sequel and 
persistent abnormal neuroscreening were observed in 17 cases 
(74%). Abnormal neuroscreening results were associated with 
severe hypoglycaemia (blood glucose ≤ 25 mg/dL). The occipital 
lobe was affected in 14 (82%) hypoglycaemic infants who had 
persistant abnormal screening results; vision disorders were found 
in 7 cases. Lateral ventricle dilatation was found in 7 cases and 
parietal lobe damage was found in 5 cases. Temporary brain edema 
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concerning brain damage in short and mild hypoglycaemia or 
asymptomatic hypoglycaemia at any time[29].
    In conclusion, hypoglycaemia is the most common metabolic 
problem in neonates. It is considered as very harmful to a newborn 
infant’s developing brain which causing to long-term neurological 
handicaps. Accordingly, prompt diagnosis and early management 
is extremely imperative, which could lead to less morbidity and 
mortality. 
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Neonatal Hypoglycemia - Current Concepts, Hypoglycemia - 
Causes and Occurrences, Prof. Everlon Rigobelo (Ed.), ISBN: 
978-953-307-657-7, InTech, DOI: 10.5772/21448. Available from: 
http://www.intechopen.com/books/hypoglycemia-causes-and-
occurrences/neonatal-hypoglycemia-current-concepts.

23.	 Deshpande S, Ward Platt M. The investigation and management 
of neonatal hypoglycaemia. Semin Fetal Neonatal Med 2005; 10: 
351-361.

24.	 Alkalay AL, Sarnat HB, Flores-Sarnat L, Simmons CF. Neuro-
logic aspects of neonatal hypoglycemia. Isr Med Assoc J 2005; 7: 
188-192.

25.	 Arya VB, Senniappan S, Guemes M, Hussain K. Neonatal hypo-
glycemia. Indian J Pediatr 2014; 81: 58-65.

26.	 De Leon DD, Stanely CA, Sperling MA. Hypoglycemia in neo-
nates and infants. In: Sperling MA, editor. Pediatric Endocrinolog. 
3rd ed. Philadelphia: Saunders, 2008: 165-197.

27.	 Simmons R, Stanley C. Neonatal Hypoglycemia Studies--Is There a 
Sweet Story of Success Yet? N Engl J Med 2015; 373: 1567-1569.

28.	 Rozance PJ, Hay WW Jr. Describing hypoglycemia--definition or 
operational threshold? Early Hum Dev 2010; 86: 275-280.

29.	 Yager YJ. Glucose and perinatal brain injury: questions and con-
troversies In: Perlman MJ, editor. Neurology: Neonatology Ques-
tions and Controversies. 2nd ed. Philadelphia: Saunders, 2012: 
143-162.

30.	 Vannucci RC, Vannucci SJ. Hypoglycemic brain injury. Semin 
Neonatol 2001; 6: 147-155.

31.	 McGowan JE. Neonatal hypoglycemia. Pediatr Rev 1999; 20: 
6-15. 

32.	 Butcher SP, Sandberg M, Hagberg H, Hamberger A. Cellular 
origins of endogenous amino acids released into the extracellular 
fluid of the rat striatum during severe insulin-induced hypoglyce-
mia. J Neurochem 1987; 48: 722-728.

33.	 Wieloch T. Hypoglycemia-induced neuronal damage prevented by 
an N-methyl-D-aspartate antagonist. Science 1985; 230: 681-683.

34.	 Bonde C, Noraberg J, Noer H, Zimmer J Ionotropic glutamate 
receptors and glutamate transporters are involved in necrotic 
neuronal cell death induced by oxygen-glucose deprivation of hip-
pocampal slice cultures. Neuroscience 2005; 136: 779-794.

35.	 Auer RN. Hypoglycemic brain damage. Forensic Sci Int 2004; 
146: 105-110.

36.	 Conwell LS, Greer RM, Neville KA, Amato LA, Campbell L, Fiu-
mara F. (18) Fluoro-dihydroxy phenylalanine positron emission 
tomography/computed tomography scanning for congenital hyper-
insulinism of infancy. J Paediatr Child Health 2015; 51: 826-829.

37.	 Uhing MR, Kliegman RM. Glucose, Calcium and magnesium. In: 
Fanaroff J, Fanaroff A, editors. Klaus and Fanaroff’s Care of the 
High-Risk Neonate. 6th ed. Elsevier, 2012: 289-309.

38.	 McGowan JE, Chen L, Gao D, Trush M, Wei C. Increased mito-
chondrial reactive oxygen species production in newborn brain 
during hypoglycemia. Neurosci Lett 2006; 399: 111-114.

39.	 Hernández-Fonseca K, Cárdenas-Rodríguez N, Pedraza-Chaverri 
J, Massieu L. Calcium-dependent production of reactive oxygen 
species is involved in neuronal damage induced during glycolysis 
inhibition in cultured hippocampal neurons. J Neurosci Res 2008; 



276

Hosagasi NH et al . Hypoglycaemic Neuronal Injury

86: 1768-1780.
40.	 Boardman JP, Wusthoff CJ, Cowan FM. Hypoglycaemia and neo-

natal brain injury. Arch Dis Child Educ Pract Ed 2013; 98: 2-6.
41.	 Rozance PJ, Hay WW. Hypoglycemia in newborn infants: Fea-

tures associated with adverse outcomes. Biol Neonate 2006; 90: 
74-86.

42.	 Williams AF. Neonatal hypoglycaemia: clinical and legal aspects. 
Semin Fetal Neonatal Med 2005; 10: 363-368.

43.	 Brand P, Molenaar N, Kaaijk C, Wierenga W. Neurodevelopmen-
tal outcome of hypoglycaemia in healthy, large for gestational age, 
term newborns. Arch Dis Child 2005; 90: 78-81.

44.	 Duvanel CB, Fawer CL, Cotting J, Hohlfeld P, Matthieu JM. 
Long-term effects of neonatal hypoglycemia on brain growth and 
psychomotor development in small-for-gestational-age preterm 
infants. J Pediatr 1999; 134: 492-498.

45.	 Stenninger E, Flink R, Eriksson B, Sahlen C. Long term neuro-
logical dysfunction and neonatal hypoglycaemia after diabetic 
pregnancy. Arch Dis Child Fetal Neonatal Ed 1998; 79: F174-
F179.

46.	 Kerstjens JM, Bocca-Tjeertes IF, de Winter AF, Reijneveld SA, 
Bos AF. Neonatal morbidities and developmental delay in moder-
ately preterm-born children. Pediatrics 2012; 130: e265-272.

47.	 Montassir H, Maegaki Y, Ogura K, Kurozawa Y, Nagata I, Kanza-

ki S, Ohno K. Associated factors in neonatal hypoglycemic brain 
injury. Brain Dev 2009; 31: 649-656.

48.	 Alkalay AL, Flores-Sarnat L, Sarnat HB, Moser FG, Simmons CF. 
Brain imaging findings in neonatal hypoglycemia: case report and 
review of 23 cases. Clin Pediatr (Phila) 2005; 44: 783-790.

49.	 Burns CM, Rutherford MA, Boardman JP, Cowan FM. Patterns of 
cerebral injury and neurodevelopmental outcomes after symptom-
atic neonatal hypoglycemia. Pediatrics 2008; 122: 65-74.

50.	 Tam EW, Widjaja E, Blaser SI, Macgregor DL, Satodia P, Moore 
AM. Occipital lobe injury and cortical visual outcomes after neo-
natal hypoglycemia. Pediatrics 2008; 122: 507-512.

51.	 Tam EW, Haeusslein LA, Bonifacio SL, Glass HC, Rogers EE, 
Jeremy RJ, Barkovich AJ, Ferriero DM. Hypoglycemia is associ-
ated with increased risk for brain injury and adverse neurodevel-
opmental outcome in neonates at risk for encephalopathy. J Pedi-
atr 2012; 161: 88-93.

Peer reviewers: Masashi Kameyama, Division of Nuclear 
Medicine, Department of Radiology, School of Medicine, Keio 
University, 35 Shinanomachi Shinjuku-ku, Tokyo, 160-8582, 
Japan; Hui Liu, MD, PhD, Department of Radiological Sciences, 
Washington University School of Medicine, 4566 Scott Blvd, 
Room 254, McDonnell Sciences Bldg, St. Louis, MO, USA. 


