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Abstract 

Aim 

Neonatal hypoglycaemia is common, and can cause brain damage and death.  We aimed to determine if 

prophylactic oral dextrose gel given to newborn babies at risk prevents neonatal hypoglycaemia and thus 

reduces its potential sequelae. 

Method 

First, we conducted an eight-arm placebo controlled randomised dosage trial to select the most effective dose 

of dextrose gel in prevention of neonatal hypoglycaemia. Secondly, the main trial is ongoing to determine the 

effect of the selected prophylactic dose on admission to neonatal intensive care.  Thirdly, follow-up is ongoing 

to determine the later benefits and harms of prophylactic dextrose gel.   

To formally evaluate the evidence for dextrose gel in prevention of neonatal hypoglycaemia we undertook a 

Cochrane systematic review. 

Finally, we investigated the effect of prophylactic dextrose gel on neonatal hypoglycaemia and survival in 

lambs. 

Findings 

We demonstrated that the incidence of neonatal hypoglycaemia can be reduced with a single dose of 

dextrose gel 200 mg/kg, with a number needed to treat of ten.  

We have used this dose in finalising the protocol for the main multicentre randomised placebo controlled trial, 

which is recruiting 2,129 babies, with the primary outcome being admission to neonatal intensive care.  

Secondary outcomes include hypoglycaemia, breastfeeding, healthcare costs and later neurosensory 

disability.   
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In the first 100 babies assessed at age two years’ corrected age, we achieved 90% follow-up. Although 30% 

had neurosensory disability, this cohort has better developmental scores than previous cohorts of babies at 

risk of neonatal hypoglycaemia. 

Lambs randomised to dextrose gel did not have higher blood glucose concentrations or better survival than 

those randomised to placebo.  Low temperature at one hour after birth, rather than birthweight or blood 

glucose concentrations was associated with decreased survival.  

Conclusion 

Prophylactic oral dextrose gel is effective in reducing the incidence of neonatal hypoglycaemia in babies at 

risk.  If ongoing studies show that admission to neonatal intensive care is avoided, and there are no harms 

demonstrated at follow-up, then oral dextrose gel for prevention of neonatal hypoglycaemia is likely to be 

rapidly translated into standard clinical practice, with potential for improving outcomes while reducing costs. 
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1 Introduction 

1.1 Overview 

This chapter provides an overview of neonatal hypoglycaemia.  It includes fetal and neonatal physiology of 

glycaemia, the abnormal physiology in the at risk baby, the short and long-term effects of neonatal 

hypoglycaemia and current interventions for treatment and prevention of neonatal hypoglycaemia. 

1.2 Glucose Regulation 

1.2.1 Fetal glucose regulation 

Glucose production from glycogenolysis and gluconeogenesis occurs primarily in the liver, with a small 

contribution from the kidneys (Kalhan & Parimi, 2000).  However, under normal physiological circumstances 

the fetus does not produce glucose (Hay, Sparks, Quissell, Battaglia, & Meschia, 1981), due to the inhibition 

in the fetus of transcription of phosphoenolpyruvate carboxykinase (PEPCK), one of the enzymes required for 

gluconeogenesis (Kalhan & Parimi, 2000).  Therefore, the fetus is normally dependent upon maternal supply 

of glucose via the placenta.  The amount of glucose transferred from the maternal glucose pool to the fetus is 

dependent upon a number of factors: 

1.2.1.1 The maternal-placental-fetal glucose concentration gradient. 

Glucose movement under normal circumstances occurs across the concentration gradient from higher 

maternal concentration to lower placental and fetal concentration (Hay, Sparks, Wilkening, Battaglia, & 

Meschia, 1984).  Uterine, placental and fetal glucose uptakes are directly related to the maternal glucose 

concentration in human and ovine fetuses (Bozzetti et al., 1988; Hay & Meznarich, 1989).  In pregnant sheep, 

the maternal blood glucose concentration determines the rate of transfer of glucose from maternal to 

uteroplacental circulation.  However, the fetal blood glucose concentration is determined by the rate of 

consumption of glucose by the placenta (Hay, Molina, DiGiacomo, & Meschia, 1990). 
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Physiological changes during pregnancy increase the concentration gradient, thus increasing the transfer of 

glucose from maternal to fetal circulation as gestation progresses.  Maternal blood glucose concentration 

increases in the later stages of pregnancy, due to a combination of increasing glucose production and 

increasing insulin resistance.  This increased maternal blood glucose concentration has been shown in sheep 

to increase the glucose concentration gradient from maternal to uteroplacental circulation (Hay, 2006).  The 

placenta increases in size as gestation progresses (Molteni, Stys, & Battaglia, 1978), requiring more glucose 

to support metabolism within the placenta and therefore utilising more of the uteroplacental glucose 

transferred from the maternal glucose pool.  Placental metabolism of glucose has been estimated at 50 to 

70% of the uterine glucose uptake in late gestation sheep (Thorburn & Harding, 1994).  This placental glucose 

consumption contributes to the relative fetal hypoglycaemia, thus increasing the gradient between maternal 

and fetal blood glucose concentrations and therefore increasing the transfer of maternal glucose to the fetus 

(Hay, 1991).  Fetal growth creates a need for increasing glucose availability to maintain supply to the 

developing brain, support the increasing metabolism of the increasing skeletal muscles and in the last 

trimester, to create stores of glycogen for the neonatal transition from constant glucose supply to intermittent.  

This increased fetal utilisation of glucose also reduces the fetal blood glucose concentration, increasing the 

maternal to uteroplacental to fetal blood glucose gradient.  Fetal utilisation is proportionally greater than that of 

the placenta, therefore the overall direction of movement of glucose is from maternal to fetal circulation under 

normal physiological circumstances. 

1.2.1.2 Facilitated glucose transport 

The inability of simple transmembrane diffusion along a gradient to account for the provision of glucose to the 

fetus was recognised over 70 years ago (Widdas, 1952).  This led over a number of years to the recognition of 

the presence in the placental membranes of protein-mediated glucose transporters (GLUTs).  GLUTs 

transport glucose at a rate higher than that of simple diffusion across the cell membrane along the 

concentration gradient (Barta & Drugan, 2010; Quraishi & Illsley, 1999).  GLUTs were first identified in 

erythrocyte membranes (Kasahara & Hinkle, 1977) and are present in many blood-tissue membranes 

including both the maternal facing apical microvillus membrane and fetal basal membranes of the placental 

microvillus (Baumann, Deborde, & Illsley, 2002; Takata & Hirano, 1997).  Placental GLUTs have been 

identified as GLUT 1 (in all species) (Barros, Yudilevich, Jarvis, Beaumont, & Baldwin, 1995; Takata, 

Kasahara, Kasahara, Ezaki, & Hirano, 1992) GLUT 3 (in rat, sheep and humans) and GLUT 8 in sheep (Hay, 



 

3 

2006).  GLUT 12 has been identified in the human placenta, but its role is not yet certain (Gude et al., 2003).  

The majority of the GLUTs in the human placental trophoblast membrane are GLUT 1 (Barros et al., 1995; 

Gude et al., 2003). 

GLUTs increase in number and activity during pregnancy in humans (Jansson, Wennergren, & Illsley, 1993).  

The increase in GLUTs during pregnancy occurs due to the increase in surface area of the placenta, 

particularly in the maternal facing microvillous membrane (Gaither, Quraishi, & Illsley, 1999; Hay, 2006; 

Jansson, Wennergren, & Powell, 1999) and may also be due to an increase in density of GLUTs (Hay, 2006).  

The increase in GLUTs has been shown to be the major contributing factor in maternal-placental-fetal glucose 

transfer, providing a larger proportion of the glucose transfer over the last trimester than can be accounted for 

by the change in concentration gradient alone (Molina, Meschia, Battaglia, & Hay, 1991).  Of note, the transfer 

of glucose by GLUTs is saturable only at blood glucose concentrations which greatly exceed the normal 

physiological range (Johnson & Smith, 1980). 

1.2.1.3 Fetal regulation of placental glucose delivery 

The fetus regulates the availability of glucose to the placenta (Hay et al., 1990).  In sheep undergoing glucose 

clamp studies, the placental glucose utilisation is directly proportional to the fetal blood glucose concentration, 

independent of maternal blood glucose concentration (Hay et al., 1990).  Therefore, the fetus is able to ensure 

that the placenta continues to receive adequate maternal glucose supply to maintain essential placental 

metabolism, upon which the fetus is dependent in utero (DiGiacomo & Hay, 1989; Hay et al., 1990). 

1.2.2 Abnormal physiology and the effect on fetal glucose regulation 

1.2.2.1 Reduced maternal blood glucose concentration 

When maternal glucose availability is reduced, such as during starvation, the ovine fetus is able maintain a 

normal blood glucose concentration through gluconeogenesis (Girard et al., 1977; Hay et al., 1990; Hay et al., 

1981).  This results in a decrease in maternal-fetal glucose concentration gradient and reduces the need for 

transfer of maternal glucose to the fetoplacental unit, ensuring that the placenta, upon which the fetus is 
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dependent for survival, continues to receive the essential metabolic substrate required for continued 

metabolism. 

There is currently no evidence for fetal gluconeogenesis in humans.  Maternal blood glucose concentration 

and insulin concentration fell more rapidly and to a lower level in fasted mid-trimester mothers than in non-

pregnant controls, suggesting that the fetus continued to utilise maternal blood glucose even at maternal 

blood glucose concentrations of 2.6 mM (Felig & Lynch, 1970).  Furthermore, in late preterm and term babies 

(35 to 39 weeks’ gestation) whose mothers had undergone a ten hour fast immediately prior to delivery, there 

was no difference in the maternal to fetal blood glucose ratio between those who were small for gestational 

age compared to those who were appropriately grown for gestational age (Bozzetti et al., 1988).  There was 

also no difference detected between maternal and fetal umbilical venous 
13

C labelled glucose enrichment 

during steady state infusion in a study of nine intrauterine growth restricted pregnancies which also followed a 

ten hour maternal fast (Marconi et al., 1993).  These studies, provide further evidence that fetal 

gluconeogenesis does not occur in humans even under conditions of limited fetal glucose supply. 

1.2.2.2 Increased maternal blood glucose concentration 

The increased basal blood glucose concentration in a mother with diabetes increases the maternal-fetal 

glucose concentration gradient.  The increase in gradient leads to an increase in fetal glucose transfer as 

described previously (Hay & Meznarich, 1989).  In a well-controlled diabetic mother, the increase in blood 

glucose may be only intermittent.  In a poorly controlled or undiagnosed diabetic mother, there is an increase 

in basal maternal blood glucose concentration.  A rise in basal maternal blood glucose concentration in sheep 

supresses glucose-stimulated fetal insulin production (Carver, Anderson, Aldoretta, & Hay, 1996), whereas in 

humans, fetal insulin production increases in response to chronic maternal hyperglycaemia, usually involving 

an continuous increase in basal concentration and additional intermittent increase.  This might occur in a well-

controlled diabetic with intermittent post-prandial increase in blood glucose concentration (Hay et al., 1984).  

Interestingly, in sheep, fetal insulin production is most increased in the situation of a small increase in basal 

maternal blood glucose concentration with additional episodic increases (Carver et al., 1996).  Maternal 

diabetes also causes an increase in the expression of the placental fetal basal membrane GLUT1, with 

expression in diabetic women (all types of diabetes) twice that of non-diabetic controls (Gaither et al., 1999).  

This increase in GLUT1 expression occurs even in fetuses whose mothers are considered to have well-
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controlled diabetes, with HbA1c within the normal range, and may in turn contribute to the increased transfer of 

glucose from mother to fetus (Gaither et al., 1999). 

1.2.3 Control of fetal glucose metabolism 

The endocrine pancreas is functional from early gestation.  It is formed from the foregut endoderm at 4 weeks’ 

gestation (Thorburn & Harding, 1994).  The islets of Langerhans secrete insulin, glucagon, somatostatin and 

pancreatic polypeptide and constitute about 1 to 2% of the pancreatic weight.  Insulin is produced by the 

pancreatic β-cells, which are the commonest cells in the islets in the human from birth to adulthood, and make 

up 60 to 75% of the islet cells.  Glucagon is produced by the α-cells, which make up 20% of the total islet cells 

(Ganong, 1993). 

1.2.3.1 Insulin 

Insulin is a polypeptide consisting of fifty-one amino acids in two chains linked by disulfide bridges (Sacks, 

2012).  Insulin is an anabolic hormone.  Its production increases in the presence of increased blood glucose 

concentration and in response to several amino acids, in particular leucine and arginine.  Insulin is a biphasic 

hormone; it has a rapid onset that acts to increase movement of glucose, amino acids and potassium into 

insulin-sensitive cells, followed by stimulation of protein synthesis, glycogen synthase and lipogenesis and 

inhibition of both protein breakdown and gluconeogenesis.  This rapid phase is followed by a delayed phase 

of increased translation and transcription of mRNA (Ganong, 1993).  Both the administration of diabetogenic 

drugs and surgical pancreatectomy cause reduction in glucose utilisation and oxidation, leading to growth 

impairment in the fetus.  The decrease in crown-rump-length and body weight seen in ovine foetuses who 

have undergone pancreatectomy is reversed by replacement of insulin (Fowden, 1992). 

Insulin can be detected in the human fetal circulation and pancreas from 10 weeks gestation (Milner & Hill, 

1984).  In the fetus, insulin increases the umbilical uptake of glucose, utilisation and metabolism of glucose 

(Fowden, Silver, & Comline, 1986).  In human fetuses, insulin concentration increases during mid to late 

gestation and remain steady until term (Fowden & Hill, 2001).  Initial studies of fetal β-cells suggested a 

reduced sensitivity to glucose and increased sensitivity to arginine as compared to adult β-cells (Fowden & 

Hill, 2001; Oliver et al., 2001).  A study of 15 to 20 week gestation fetuses following maternal intravenous 
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infusion of glucose did not demonstrate any increase in insulin secretion over 5 to 10 minutes (Adam, Teramo, 

Raiha, Gitlin, & Schwartz, 1969).  In contrast, in later gestation fetuses of 26 to 33 weeks, maternal infusion of 

glucose resulted in an increased fetal insulin production (Nicolini, Hubinont, Santolaya, Fisk, & Rodeck, 1990).  

Furthermore, in hyperglycaemic fetuses, fetal glycogen accumulation occurs from 28 weeks’ gestation, also 

suggesting increased insulin secretion in later gestation (Fowden, 1995).   

It is hypothesised that fetal insulin secretion is limited by immaturity both i) of the NADH shuttles (Tan, Tuch, 

Tu, & Brown, 2002), which transport the substrate for oxidative metabolism from the cytosol to the 

mitochondria in the β-cell and ii) of the mitochondrial pyruvate/lactate transporter (Stanley et al., 2015), which 

is a key step in the generation of the second messengers ATP and glutamate in the insulin exocytosis 

pathway (Ishihara & Wollheim, 2000).  Lower levels of enzyme activity for the NADH shuttle occur in fetal 

compared to adult rodent β-cells, consistent with reduced synthesis rather than immaturity, and are similar to 

those seen in porcine models (Tan et al., 2002). 

Subsequent research has shown that β-cells proliferate in early gestation then undergo remodelling through a 

process of replication, apoptosis and neogenesis in late gestation (Kassem, Ariel, Thornton, Scheimberg, & 

Glaser, 2000).  Currently most evidence is obtained from examination of the rodent pancreas.  Studies in 

rodents have demonstrated that the peak proliferation at birth occurs due to both replication of existing β-cells 

and neogenesis (Bonner-Weir et al., 2004).  β-cells replicated from mature cells have the maturity of their 

mother cells, whereas novel β-cells formed by neogenesis are immature and take time to develop the mature 

glucose sensitivity.  Therefore, when there is an increase in both neogenesis and replication of β-cells at birth, 

the bulk of the cells will be less mature, with an immature insulin secretion in response to glucose and also a 

failure to cease insulin production as efficiently as mature β-cells (Jermendy et al., 2011).  The high ratio of 

immature to mature cells obscures the stable function of the more mature β-cells (Bonner-Weir, Aguayo-

Mazzucato, & Weir, 2016; Bonner-Weir et al., 2012).  Although there are differences between the rodent and 

human pancreas, notably the variability in islet size, there are enough similarities that the rodent is considered 

an adequate experimental model in the context of limited human fetal and neonatal specimens (Bonner-Weir, 

Sullivan, & Weir, 2015). 

The timing of this early developmental phase of pancreatic remodelling varies between species.  In rodents, 

the peak remodelling occurs in late gestation and just prior to weaning (Bonner-Weir et al., 2010).  Similar 

trends are observed in human specimens obtained at post-mortem or surgery, with peak remodelling around 
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birth that then decreases over the following 2 months (Kassem et al., 2000).  It is hypothesised that neonatal 

β-cells are more glucose sensitive than the more amino acid sensitive fetal β-cells (Hill & Duvillie, 2000) and 

that the remodelling occurs in preparation for transition from a fetal low availability of glucose to a postnatal 

increased availability and in preparation for longer-term adult metabolism (Hill, 2005). 

Finally, it is hypothesised that transient hypoglycaemia in newborn babies may be similar to the impaired 

glucose-stimulated insulin secretion secondary to glucokinase pathway abnormalities observed in those with 

congenital hyperinsulinism (Stanley et al., 2015).  Glucokinase is important in determining the blood glucose 

concentration at which insulin secretion is initiated and mutations that increase β-cell glucokinase will 

decrease the blood glucose concentration at which insulin secretion occurs. Therefore, in babies with 

transient hypoglycaemia, insulin continues to be produced at lower blood glucose concentrations than in the 

‘normal’ newborn.  This hypothesis is supported by the observation that high concentrations of glucose 

(11.1mM) induce glucokinase activity in rodent fetal islets and these fetal islet cells are subsequently effective 

in producing insulin, when compared to islets cultured at lower concentrations of glucose, which do not 

produce insulin (Taniguchi, Tanigawa, & Miwa, 2000).   

1.2.3.2 Glucagon 

Glucagon is a linear polypeptide which acts on the hepatic gluconeogenic and glycogenolytic enzymes to 

mobilise glucose (Drucker, 2016).  Glucagon increases glucose production following hepatic cell receptor 

binding which leads to activation of adenylate cyclase which increases intracellular cyclic adenosine 

monophosphate (AMP).  The subsequent cascade of activation of protein kinase A, phosphorylase b kinase 

and phosphorylase a ultimately leads to the conversion of glycogen to glucose-1-phosphate.  Glucagon also 

increases gluconeogenesis, through upregulation of PEPCK transcription and activity, and inhibits glycolysis 

by decreasing the metabolism of glucose-6-phosphate and the conversion of fructose-6-phosphate to 

fructose-1,6-diphosphate, thereby increasing levels of glucose-6-phosphate further and increasing release of 

glucose (Ganong, 1993; Jiang & Zhang, 2003). 

Glucagon is detected in the human fetal circulation from 6 weeks’ gestation (Thorburn & Harding, 1994).  

Interestingly, the concentration of glucagon is higher than that of insulin in the fetus, but glucagon appears to 

be relatively inactive and this may be in part due to the presence of fewer glucagon than insulin receptors in 
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the fetus (Fowden & Hill, 2001).  Cortisol, amino acids (especially alanine, serine, glycine, cysteine and 

threonine), infection, stress and β-adrenergic stimulation will all increase secretion of glucagon (Drucker, 

2016; Ganong, 1993).  The release of glucagon from the fetal α-cells occurs more in response to 

catecholamine stimulation and amino acids than to low blood glucose concentrations (Fowden & Hill, 2001). 

1.2.3.3 Cortisol 

Cortisol stimulates gluconeogenesis through action on the hepatic gluconeogenic enzymes glucose-6-

phosphatase, PEPCK and pyruvate kinase in the ovine fetus in late gestation (Fowden, Mijovic, & Silver, 

1993; Townsend, Rudolph, & Rudolph, 1991).  Cortisol also acts in late gestation to increase glycogen 

deposition.  Both these effects are likely to occur in preparation for the transition from constant to intermittent 

glucose supply following birth and the corresponding need to commence gluconeogenesis (Fowden, 1995; 

Liggins, 1994).  Adrenal glands are essential for initiation of gluconeogenesis during hypoglycaemia, as 

demonstrated by the difference in response to fetal hypoglycaemia in ovine fetuses with adrenalectomy 

compared to intact fetuses.  Ovine fetal adrenalectomy had no effect on the basal fetal glucose concentration 

provided maternal glucose supply was maintained.  However, during maternal fasting, only the fetus with 

intact adrenals was able to induce gluconeogenesis in response to the fall in fetal blood glucose 

concentrations (Fowden & Forhead, 2011). 

1.3 Normal transition at birth 

When the umbilical cord is cut at birth the constant supply of glucose from the maternal-uteroplacental 

circulation ceases.  There is a corresponding 3 to 5 fold increase in the baby’s circulating concentration of 

glucagon (Grajwer, Sperling, Sack, & Fisher, 1977) and a 5 to 10 fold increase in the concentration of 

catecholamines (Lagercrantz & Bistoletti, 1977; Schwab, Breitung, & von Stockhausen, 1996).  The increase 

in catecholamine production by the fetus during birth has an essential role in transition to extrauterine life.  

Without the catecholamine surge seen at birth the development of normal cardiorespiratory function is 

impaired, as demonstrated in fetal sheep who have undergone adrenalectomy (Padbury, Agata, et al., 1987). 

Catecholamine release also has a direct effect on the metabolic transition required following birth.  In lambs 

that had undergone fetal adrenalectomy, there was reduced free fatty acid production and both a lower blood 
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glucose concentration before delivery than in the control lambs and a failure of the blood glucose level to rise 

above 0.55 mM following birth and for the remainder of the trial period of 240 minutes (Padbury, Agata, et al., 

1987).  Newborn lamb adrenaline concentrations peak at 15 minutes after birth then fall to basal levels rapidly; 

noradrenaline levels remain increased for 2 hours following birth (Townsend et al., 1991).  Infusion of 

adrenaline increased glucagon concentration and hepatic glucose production, and decreased insulin 

production in chronically catheterised fetal sheep (Sperling, Ganguli, Leslie, & Landt, 1984).  It also appears 

that the release of catecholamines at birth directly stimulates glycogenolysis via α-adrenergic receptor 

activation, rather than via glucagon mediated glycogenolysis, as the increase in blood glucose concentration 

occurs at a lower level of adrenaline than that required to increase circulating glucagon concentration 

(Padbury, Ludlow, Ervin, Jacobs, & Humme, 1987). 

The rapid rise in catecholamines may also act to overcome the relative glucagon resistance present in the 

immediate newborn period and assist in the release of energy stores through β-adrenergic stimulated 

glycogenolysis (Padbury, Polk, Newnham, & Lam, 1985).  Circulating glucagon concentration remains 

constant until the time of umbilical cord cutting and the rise which occurs during cutting of the cord occurs 

prior to any fall in the blood glucose concentration.  The rise in glucagon is not diminished by administration of 

somatostatin (a glucagon inhibitor), further supporting the suggestion that an additional factor such as 

catecholamines causes glucagon release (Grajwer et al., 1977). 

The blood glucose concentration of the normal newborn baby falls rapidly to a nadir at 1 to 2 hours of age 

(Srinivasan, Pildes, Cattamanchi, Voora, & Lilien, 1986).  In a study of normally grown term babies, the mean 

nadir at one hour of age prior to any feeds or fluids was 3.1 mM (95% CI 1.5 to 5.8 mM) (Srinivasan et al., 

1986).  The fall in blood glucose stimulates glucagon production stimulating glycogenolysis.  Catecholamine 

concentrations also remain increased for up to 4 hours following the peak concentration at birth, potentiating 

the effect of glucagon (Padbury, Diakomanolis, Hobel, Perelman, & Fisher, 1981).  At the same time, insulin 

production is inhibited due to the low blood glucose concentration.  The relative balance of these hormones 

acts to encourage production of energy from fetal stores until enteral intake is sufficient to support the baby’s 

nutritional requirements.  
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1.4 Abnormal transition at birth 

1.4.1 Maternal hyperglycaemia 

Fetuses whose mothers have hyperglycaemia have higher blood glucose concentrations leading to increased 

fetal insulin production (Metzger et al., 2010).  Following birth, the circulating insulin levels are slow to 

decrease in response to the falling blood glucose concentration.  The continued presence of insulin inhibits 

neonatal gluconeogenesis and glycogenolysis and leads to a lower nadir in blood glucose concentration 

(Srinivasan et al., 1986) and a delay in reaching a normal steady state of blood glucose concentration.  Thus 

endogenous glucagon concentration is lower in infants of diabetic mothers than in preterm and normal term 

babies (Bloom & Johnston, 1972).  This impaired transition occurs even in infants of diabetic mothers who 

have had good control of their glucose during pregnancy (Stenninger, Flink, Eriksson, & Sahlen, 1998). 

1.4.2 Large for gestation 

Babies who are large for gestational age (LGA) will often have a history of maternal diabetes.  However, the 

diagnosis of maternal gestational diabetes is dependent upon both the threshold for screening and diagnosis 

used in the clinical setting.  Even LGA babies without a diagnosis of maternal diabetes are at increased risk of 

neonatal hypoglycaemia due to the raised maternal and therefore fetal circulating blood glucose concentration 

(Ferrara et al., 2007; Gyurkovits et al., 2011; Metzger et al., 2010). 

1.4.3 Intrauterine growth restriction 

Babies with intrauterine growth restriction (IUGR) have reduced stores available for gluconeogenesis and 

glycogenolysis (Martin, Fanaroff, & Walsh, 2015) and are therefore at increased risk of neonatal 

hypoglycaemia.  Without early nutritional intake they are therefore at increased risk of both an abnormally low 

nadir and a delay in establishing a normal blood glucose concentration.  Furthermore, babies with IUGR may 

have an impaired gluconeogenesis and abnormal insulin sensitivity and secretion (Hawdon, Aynsley-Green, 

Bartlett, & Ward Platt, 1993).  Indeed, neonatal hyperinsulinaemia is likely to be a major contributor to 

transient hypoglycaemia in these babies (Stanley et al., 2015). 
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1.4.4 Preterm neonates 

In preterm neonates, the immaturity of the pancreas can lead to a delay in switch from fetal anabolic to 

neonatal catabolic state.  It has been suggested that the preterm neonate has an increased insulin resistance 

compared to infants and children and that the impaired gluconeogenesis contributes more to the 

hypoglycaemia than the raised insulin concentration (Hawdon, Aynsley-Green, Alberti, & Ward Platt, 1993).  

In addition, the preterm neonate is likely to have less nutritional stores as glycogen and fat deposition occurs 

mostly in the last trimester (Simmons, 2012). 

1.4.5 Fetal stress 

Babies who have undergone a period of stress, such as hypoxia during labour, will potentially have depleted 

their stores of glycogen, thus reducing substrate available for glycogenolysis after birth (Salhab, Wyckoff, 

Laptook, & Perlman, 2004).  Fetal hypoxia is commonly due to the pathological reduction/cessation of normal 

maternal-fetal circulation, for example due to abruption or cord event.  Along with the reduction/cessation in 

oxygen delivery there will be a similar decrease/cessation in the constant maternal glucose supply previously 

relied upon by the fetus to maintain energy substrate availability.  In addition, during hypoxia, the fetus 

experiences a surge in adrenergic hormone concentrations, which increases metabolic rate, glycogenolysis 

and gluconeogenesis, leading to further depletion of the fetal substrate reserves.   

In animal studies, hypoglycaemia during hypoxia decreases survival in rats (Vannucci & Vannucci, 1978), 

reduces adenosine triphosphate (ATP) (Chang et al., 1999; Laptook, Corbett, Arencibia-Mireles, & Ruley, 

1992) and increases conjugated dienes/lipid peroxidation products (a marker of increased neuronal damage) 

in piglets (Chang et al., 1999) and increases cerebral lactate and β-hydroxybutyrate but decreases 

phosphocreatine (all markers of impaired cerebral metabolism) in dogs (Young et al., 1987). 

In humans, both hyperglycaemia and hypoglycaemia are common in the neonatal period in babies that have 

hypoxic ischaemic encephalopathy.  Hypoglycaemia associated with hypoxic ischaemic encephalopathy is 

associated with increased severity of early Magnetic Resonance Imaging (MRI) abnormalities (Tam et al., 

2012) increased short-term abnormality (defined as death or moderate to severe encephalopathy) (Salhab et 
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al., 2004) and neurodevelopmental impairment at 12 (Tam et al., 2012), 18 (Basu et al., 2016) and 24 months 

(Nadeem, Murray, Boylan, Dempsey, & Ryan, 2011). 

1.4.6 Sepsis 

In one study of newborn infants with sepsis in a Neonatal Intensive Care Unit (NICU) in Pakistan, blood 

glucose concentrations of < 2.2 mM were associated with an increase in mortality rate compared to infants 

with blood glucose concentrations of 2.2 to 5.6 mM.  However, some babies in this cohort had insulin for 

treatment of hyperglycaemia, and this report did not distinguish between hypoglycaemia with and without 

concurrent insulin infusion (Ahmad & Khalid, 2012). 

1.4.7 Maternal medications 

Some maternal medications, such as β-agonists (Kurtoglu, Akcakus, Keskin, Ozcan, & Hussain, 2005) and β-

blockers (Daskas, Crowne, & Shield, 2013), are associated with neonatal hypoglycaemia as they decrease 

sympathetic activation of the β-adrenergic receptors and therefore the effects of circulating catecholamines on 

gluconeogenesis and glycogenolysis. 

1.5 Neonatal glucose regulation 

Following the immediate transition at birth from continuous maternal supply of glucose and the nadir at 1 to 2 

hours of age (Srinivasan et al., 1986) the neonate must adjust to an intermittent energy supply from enteral 

feeding.  For normal healthy term babies blood glucose concentrations stabilise quickly after birth, with little 

variation reported in the blood glucose concentration from 3 hours of age and older (Diwakar & Sasidhar, 

2002; Hawdon, Ward Platt, & Aynsley-Green, 1992; Hoseth, Joergensen, Ebbesen, & Moeller, 2000) although 

breastfed babies have lower blood glucose concentrations than formula fed babies in the first two days 

following birth (Heck & Erenberg, 1987). 

The initial colostrum produced contains less fat and carbohydrates and more protein, immunoglobulins and 

trophic factors than mature post-transitional milk (Ballard & Morrow, 2013).  The volumes of milk/colostrum 

available in the first few days of life are small (Saint, Smith, & Hartmann, 1984), and contain as little as 13 
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ml/kg/day or 0.65 mg/kg/min glucose on day one and 40 ml/kg/day or 2 mg/kg/min glucose on day two 

(Dollberg, Lahav, & Mimouni, 2001); amounts which are inadequate to maintain the neonatal energy 

requirements alone.  Tracer studies of human neonates demonstrate a glucose production rate of 5 

mg/kg/min, which would be adequate to sustain cerebral metabolism (estimated at around 4 mg/kg/min 

glucose) but not the remainder of the neonatal metabolism (Denne & Kalhan, 1986).  Therefore, the neonate 

must have access to alternative fuels until enteral feeding is established.  These alternative fuels include the 

gluconeogenic substrates, lactate, pyruvate, alanine and glycerol and the fat derived fuels, non-esterified fatty 

acids and ketone bodies, acetoacetate and β-hydroxybutyrate. 

Glycogenolysis and gluconeogenesis from alternate substrates occurs when the blood glucose concentration 

falls (Denne & Kalhan, 1986).  In normal term neonates, the median blood glucose concentration on day 0 

(median time 6 hours post birth) is 1.9 mM and the glucagon concentrations are raised (Swenne, Ewald, 

Gustafsson, Sandberg, & Ostenson, 1994).  As the catecholamine surge present at birth will have decreased 

by this time, the increased glucagon concentration is likely to be in response to the relatively low blood 

glucose concentration.  The glucose concentration increases over the following 24 hours and the glucagon 

concentration decreases (Swenne et al., 1994).  Glycogen stores are rapidly depleted following birth and 

almost completely gone by 10 to 12 hours (Novak & Monkus, 1972; Shelley & Neligan, 1966) necessitating 

the availability of alternative substrates for gluconeogenesis. 

Tracer estimates of alternative fuel contributions to neonatal glucose production are as follows:  glycerol 

5-20% (Bougneres, Karl, Hillman, & Bier, 1982; Patel & Kalhan, 1992; Sunehag, Gustafsson, & Ewald, 1996), 

pyruvate 20-40% (Kalhan et al., 2001), lactate 30% (Kalhan et al., 2001) and alanine 10% (Frazer, Karl, 

Hillman, & Bier, 1981).  The total contribution to gluconeogenesis from a combination of substrates during the 

time of low enteral nutrition availability is estimated at 30-70% of the total glucose requirement (Kalhan & 

Parimi, 2000).  In normal, term neonates the concentrations of gluconeogenic substrates (lactate, pyruvate, 

alanine and glycerol) are higher in the first six days from birth, than in fasted children (Hawdon et al., 1992). 

In infants of diabetic mothers, in the period immediately following birth, (mean age of 3.9h) glycerol 

contributes to a greater proportion of the hepatic gluconeogenesis than in healthy term babies (Sunehag, 

Ewald, Larsson, & Gustafsson, 1997).  This occurs even when diabetes is considered to have been well 

controlled and neonatal insulin concentrations are raised.  Furthermore, the proportion of gluconeogenesis 

from glycerol is inversely proportional to hepatic glucose production, suggesting that glycerol increasingly 
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contributes to gluconeogenesis as the hepatic glucose production decreases (Sunehag et al., 1997).  

However, a previous study reported no difference in insulin concentrations and contribution of glycerol to 

gluconeogenesis between infants of diabetics and healthy term babies at a mean of 20 hours (Patel & Kalhan, 

1992) suggesting that the normal transition occurred within this time, at least for the group studied. 

1.6 Cerebral metabolism 

The brain requires energy for the synthesis, transport and removal of neurotransmitters including glutamate, 

acetylcholine and gamma-aminobutyric acid (Fung & Devaskar, 2012).  The majority of this energy is derived 

from glucose, with glucose contributing an estimated 91% of the substrate for use in cerebral metabolism 

(Vannucci & Vannucci, 2000).  The majority of the glucose utilisation in newborn babies is to maintain cerebral 

metabolism.  Estimates of neonatal brain glucose utilisation are 4 to 6 mg/kg/min (Hay & Sparks, 1985). 

Glucose crosses the blood-brain barrier by facilitated diffusion via GLUT1.  GLUT1 has been demonstrated in 

evenly distributed proportions throughout the cerebral regions (Mantych, Sotelo-Avila, & Devaskar, 1993).  

GLUT1 is present in greater concentration on the abluminal (brain facing) than the luminal (blood facing) 

surface of the endothelial membrane (Farrell & Pardridge, 1991) and is more heavily phosphorylated on the 

luminal surface (Devraj et al., 2011).  These structural differences may occur in order to facilitate more rapid 

movement of glucose from blood into the brain extracellular compartment and the switching on and off of 

GLUT1 in times of increased glucose requirement (Devraj et al., 2011). 

GLUT3 is present in neurones (Maher, Davies-Hill, Lysko, Henneberry, & Simpson, 1991) where it transports 

glucose directly from the extracellular compartment for immediate use and has a higher rate of glucose 

transport than GLUT1 (Simpson et al., 2008).  In addition to the direct transport of glucose from the blood into 

the cerebral extracellular compartment, glucose is also stored as glycogen in astrocytes until required for 

energy utilisation, with glycogenolysis initiated by stimulation of the beta-adrenergic receptors (Seifert et al., 

2009).  These stores of glycogen are considerably smaller than the liver and muscle stores, providing a limited 

supply of glucose if the preferential blood supply of glucose is interrupted (Fung & Devaskar, 2012). 
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GLUT2, 4, 5 and 8 have also been identified in brain in smaller amounts (Fung & Devaskar, 2012; Vannucci & 

Vannucci, 2000)  GLUT5 is present at low levels in the mature brain, but increases in response to injury such 

as hypoxic-ischaemic insult (Vannucci & Vannucci, 2000). 

Total brain GLUT levels are low in the newborn period and increase to attain mature adult levels as the brain 

develops (Vannucci, 1994).  Cerebral glucose utilisation in humans is highest in the sensorimotor cortex, 

thalamus, midbrain-brainstem and cerebellar vermis at 5 weeks old, with a progression to a more anterior and 

adult pattern of utilisation by 8 months old, in keeping with expected neuronal development (Chugani & 

Phelps, 1986). 

1.6.1 Alternative fuels in cerebral metabolism 

The brain is able to use lactate (Maran, Cranston, Lomas, Macdonald, & Amiel, 1994) and ketone bodies 

(acetoacetate and β-hydroxybutyrate) (Owen et al., 1967; Spitzer & Weng, 1972) as alternative fuel sources 

during periods of low blood glucose concentration (Fung & Devaskar, 2012).  Measurement of glucose 

oxidation in fasting newborn animals (Moore, Lione, Regen, Tarpley, & Raines, 1971) and humans (Denne & 

Kalhan, 1986) is less than calculated cerebral metabolic requirements, suggesting that alternative fuel 

sources are utilised in newborn babies.  For healthy term newborn babies, the time of lowest substrate 

availability is during the first few hours following birth and before the establishment of regular and adequate 

volume enteral feeds.  Studies of low risk newborn babies fasted for the first 24 hours following birth 

demonstrate lower blood glucose and higher free fatty acid, ketone body and glycerol concentrations than in 

cord blood (Persson & Gentz, 1966). 

Breast fed babies have higher blood ketone concentrations and total gluconeogenic substrates than formula 

fed babies in the first few days (Hawdon et al., 1992), suggesting that formula fed babies with a larger enteral 

intake and therefore glucose availability do not need to activate the metabolism of alternative fuels to the 

same extent as breast fed babies. 
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1.6.2 Lactate 

Studies in newborn animals demonstrate the availability and effectiveness of lactate as an alternative cerebral 

fuel during hypoglycaemia.  In newborn dogs, cerebral lactate utilisation increases with maintenance of 

cerebral perfusion and total cerebral metabolism rate during insulin-induced hypoglycaemia (Hernandez, 

Vannucci, Salcedo, & Brennan, 1980).  Lactate provided 70% of cerebral metabolism in suckling rat pups on 

day 6, with little glucose metabolised concurrently.  By 15 days old glucose was the major energy source.  

Hydroxybutyrate constituted only 20% of energy requirements during this time (Dombrowski, Swiatek, & 

Chao, 1989). 

Lactate is produced by the fetus in response to the hypoxic effects of birth (Vannucci & Vannucci, 2000).  The 

resulting circulating lactate is therefore available as an alternative fuel source for cerebral metabolism during 

the transitional hypoglycaemia following cessation of the continuous placental supply of glucose.  Lactate is 

the preferred alternative cerebral fuel with ketones providing a lesser amount of the total energy requirement 

(estimated at 10% of the neonatal brain requirement) (Dombrowski et al., 1989; Hay & Sparks, 1985).  

Furthermore, intravenous infusion of lactate prevents cerebral dysfunction during insulin-induced 

hypoglycaemia (blood glucose concentration of 2.5 mM) in adults with insulin dependent diabetes (King et al., 

1998).  Although this effect has not been demonstrated in newborn babies, it is plausible that lactate may 

have a similar role in the neonatal period.  Indeed, a recent study reported higher plasma lactate than ketone 

concentrations in babies at risk of hypoglycaemia who had hypoglycaemia for at least 1 hour during the first 

48 hours after birth (Harris, Weston, & Harding, 2015b). 

1.6.3 Ketones 

The high-fat content of milk enables the newborn baby to generate ketones in the liver, thus supplementing 

the small amounts of glucose available enterally (Vannucci & Vannucci, 2000). 

Animal studies of newborn rats demonstrate ketogenesis by 6 hours after birth and ketone use as alternate 

fuel source in brain during establishment of suckling (Girard et al., 1985).  Flux studies of ketones and free 

fatty acids in babies on day one following birth demonstrate a significant increase in both acetoacetate and β-

hydroxybutyrate turnover after less than 8 hours of fasting, with similar levels in adults not reached until 
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multiple days of fasting (Bougneres, Lemmel, Ferre, & Bier, 1986).  Cerebral venous concentrations of 

acetoacetate and β-hydroxybutyrate are significantly lower than cerebral arterial concentrations in fasted 

children aged 6 weeks to 12 years, with a trend for increased cerebral arterio-venous difference in those 

children under 2 years of age (Persson, Settergren, & Dahlquist, 1972).  This suggests that in the fasted state 

children, particularly infants, take up ketones from the cerebral blood supply.  However, the onset of ketone 

body production takes time and the availability of ketones is not immediate in response to sudden 

hypoglycaemia, necessitating the use of lactate prior to ketone availability (Hay & Sparks, 1985).  Ketone 

body concentrations are low on day one and peak on days two and three following birth, with a negative 

relationship between log ketone body and blood glucose concentrations on days two and three (Hawdon et 

al., 1992).  As noted above, ketones are present in lower concentrations than lactate in at-risk babies with 

hypoglycaemia in the first few days after birth, suggesting that ketones provide a limited alternative source for 

cerebral metabolism (Harris et al., 2015b). 

1.6.4 Transport of lactate and ketones across the blood-brain barrier 

Circulating lactate and ketones are transported across the blood-brain barrier by the monocarboxylate 

transporters (MCTs).  Nine isoforms of MCTs have been identified to date, with MCT1 and MCT2 present in 

the blood brain barrier (Fung & Devaskar, 2012) and MCT1, MCT2 and MCT4 present in the astrocytes and 

neurones (Dienel, 2012; Pellerin, Pellegri, Martin, & Magistretti, 1998).  MCT messenger ribonucleic acid 

(mRNA) expression is highest in the newborn – suckling period in mice and subsequently declines to adult 

levels, with the peak expression correlating with the highest rates of lactate utilisation (Pellerin et al., 1998). 

1.6.5 Free fatty acids 

Long chain fatty acids have twice the potential energy production of glucose but are limited in their suitability 

for use as an alternative energy source as their rate of ATP production is slower than that of glucose, requires 

more oxygen than glucose and produces more superoxide.  The latter two effects having the potential for 

neurotoxicity (Schonfeld & Reiser, 2013). 
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1.6.6 Alternative fuels in cerebral metabolism in babies at high risk of hypoglycaemia  

Harris et al. reported low concentrations of plasma alternate cerebral substrates (lactate, hydroxybutyrate and 

glycerol) in high-risk babies (infants of diabetics, late preterm, small and large for dates) who developed 

hypoglycaemia.  However, the babies received regular intravenous dextrose and/or enteral feeds during the 

period of monitoring which may have reduced the need for production of alternate substrates.  Furthermore, 

as the babies were in intensive care, the short time between hypoglycaemia and intervention may not have 

been long enough for lactate concentration to rise significantly (Harris et al., 2011). 

A previous study of high risk babies born in Nepal (birth weight < 2.5 kg, risk of cold exposure and therefore 

hypothermia, delayed feeding) showed a rise in plasma glucose and ketone concentrations and no change in 

lactate, pyruvate, glycerol and free fatty acid plasma concentrations over the first 48 hours following birth.  

However, in the subset of babies who became hypoglycaemic (blood glucose concentration of < 2.0 mM) 

there was a reduction in alternative fuels, with the exception of free fatty acids which remained unchanged.  It 

is hypothesised by the authors that the lower concentrations of alternative fuels may have been due to their 

increased cerebral utilisation (de L Costello et al., 2000).  Indeed, it is possible that alternative substrates for 

cerebral metabolism are not produced in sufficient quantities for the hypoglycaemic neonate to rely upon, 

perhaps in part due to hyperinsulinism during transient hypoglycaemia (Stanley et al., 2015). 

1.6.6.1 Small for Gestational Age  

Small for gestational age (SGA) babies have higher cord blood concentrations of lactate and free fatty acids 

than babies whose growth is appropriate for gestational age (AGA), even when pH is not different, suggesting 

that they have an increased mobilisation of alternative fuels during delivery than AGA babies.  This difference 

in concentrations is present for the first 6 hours following birth (Hawdon & Ward Platt, 1993), and in the case 

of ketones for the first 7 days (Melichar, Drahota, & Hahn, 1967).  SGA babies also have a higher rate of 

lipolysis in the first 48 hours following birth than AGA babies and infants of diabetics.  This is seen in 

combination with a lower concurrent blood glucose concentration, suggesting that the smaller stores of 

glycogen present in SGA babies have already been depleted (Patel & Kalhan, 1992). 
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Reassuringly, SGA babies have higher hydroxybutyrate to glucose ratios in the first 48 hours following birth 

when compared to AGA babies, demonstrating that they are able to mobilise alternate fuel sources (de L 

Costello et al., 2000).  Hawden et al. showed no increased ketogenesis in SGA babies after the first postnatal 

day.  However, these babies had received higher frequency and volume of feeds and higher rates of infusion 

of intravenous dextrose than the comparison group of AGA babies, which would reduce the requirement for 

alternative substrate production) (Hawdon & Ward Platt, 1993). 

1.6.6.2 Large for Gestational Age  

As stated previously, macrosomia and LGA are associated with increased circulating maternal blood glucose 

concentration, even if this is not sufficiently raised to meet the definition of gestational diabetes mellitus 

(Ferrara et al., 2007).  Therefore, these babies will behave in a similar manner to an infant of a diabetic 

mother.  LGA babies who are breastfed following birth have higher plasma concentrations of ketone bodies 

than formula fed babies; an increment similar to that seen in AGA babies (de Rooy & Hawdon, 2002). 

1.6.6.3 Infants of Diabetic Mother  

Some studies of infants of diabetic mother (IDM) reporting reassuring glucose kinetics have led to the belief 

that IDM behave in the same manner as healthy term babies, if diabetes in pregnancy is well controlled 

(Baarsma et al., 1993; Patel & Kalhan, 1992).  However, closer review of these and other reports suggests 

that this is not the case.  Even when maternal diabetes is well controlled, neonatal insulin concentrations are 

higher and hepatic glucose production rates are lower than in healthy term infants in the first 9 hours after 

birth (Sunehag et al., 1997).  The continued elevation in insulin concentrations in IDM may inhibit production 

of ketones, leaving them at increased risk of insufficient substrates for cerebral metabolism – a ‘double hit’ as 

they are already at increased risk of hypoglycaemia. 

Further, even when plasma insulin concentrations are similar, IDM produce less β-hydroxybutyrate during 

fasting in the first 48 hours after birth than healthy term infants (Harris et al., 2015b; Patel & Kalhan, 1992), 

and also in the following 7 days (Melichar et al., 1967).  However, IDM who receive intravenous glucose as 

standard management following birth behave in a similar manner to health term infants, producing ketones 
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when the glucose production rate falls, which occurs only with increasing postnatal age (Baarsma et al., 

1993). 

1.6.6.4 Preterm 

There are few studies of alternative cerebral fuel substrates in preterm babies.  One study from 40 years ago 

of preterm babies of 24 to 36 weeks’ gestation (mean 33 weeks’) demonstrated higher blood ketone 

concentrations in the first 12 hours following birth, and a continued elevation beyond the first 7 days, 

compared to healthy term babies (Melichar et al., 1967).  However, in this study, the aetiology for persistent 

ketosis was considered to be a lower caloric intake in the preterm babies compared to the term babies.  A 

study in 1992 of 62 clinically stable preterm babies of 24 to 36 weeks’ gestation (median 31 weeks’) 

demonstrated lower ketone concentrations in preterm babies compared to term and a correlation between 

increasing gestational age and ketogenesis, with a rise in ketone concentration occurring at 36 weeks’ 

gestation (Hawdon et al., 1992).  This group of babies were either fully enterally fed or receiving a mixture of 

enteral feeds and 10% dextrose: no baby received intravenous nutrition containing amino acids or lipid 

emulsion. 

The nutritional management of preterm babies today is very different from that of the babies in both the 

studies discussed above, with earlier initiation of total parenteral nutrition and higher rates of amino acid 

infusion.  Babies of more immature gestation are increasingly surviving and admitted to NICU.  There are no 

recent studies of the alternative cerebral fuels available to the extremely preterm baby receiving modern 

intravenous nutrition management.  

1.7 Neonatal hyperglycaemia 

There is a wide variation in the definition of neonatal hyperglycaemia, and in the threshold for intervention 

(OgilvyStuart & Beardsall, 2010).  The definition in most common use is > 10mM (Alsweiler, Kuschel, & 

Bloomfield, 2007; OgilvyStuart & Beardsall, 2010).  Neonatal hyperglycaemia is most common in preterm, 

very low birth weight babies, usually those on intravenous dextrose as a component of their nutritional 

management (Hay, 2008; McGowan, 2012). 
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The management of neonatal hyperglycaemia may involve monitoring blood glucose concentrations until the 

threshold for intervention is exceeded, reducing the intravenous dextrose concentration or intravenous insulin 

infusion.  Each of these approaches has potential risks: a high threshold may lead to increased unnecessary 

exposure to prolonged hyperglycaemia and associated morbidity and mortality; reduction of intravenous 

dextrose delivery leads to suboptimal caloric intake and impaired growth (Meetze, Bowsher, Compton, & 

Moorehead, 1998); and intravenous infusion of insulin may lead to increased episodes of hypoglycaemia 

(Alsweiler, Harding, & Bloomfield, 2012; Beardsall, Vanhaesebrouck, et al., 2008). 

Neonatal hyperglycaemia may also lead to osmotic diuresis and dehydration and is associated with increased 

intraventricular haemorrhage (Hays, Smith, & Sunehag, 2006) and retinopathy of prematurity in very low birth 

weight babies (Ertl, Gyarmati, Gaal, & Szabo, 2006).  Mortality is also increased, but this may not be due to 

hyperglycaemia alone, but to the underlying aetiology for hyperglycaemia such as sepsis (McGowan, 2012). 

Transient neonatal diabetes mellitus is a rare condition (1:200,000 to 1:400,000 live births) which occurs 

primarily in term babies with IUGR (McGowan, 2012).  The majority have a genetic mutation at the transient 

neonatal diabetes mellitus locus on chromosome 6q24 (Docherty et al., 2013), which is associated with 

impaired pancreatic insulin release.  Transient neonatal diabetes usually presents within the first weeks after 

birth and resolves within the first year, although in some cases it may recur in adolescence (Docherty et al., 

2013). 

Permanent neonatal diabetes has a later onset and is often due to mutations in the KATP channel (KCNJ11 or 

ABCC8) in 50% of cases and autosomal dominant mutations in the insulin gene (INS) (Greeley, Naylor, 

Philipson, & Bell, 2011). 

1.8 Neonatal hypoglycaemia 

1.8.1 Definition of neonatal hypoglycaemia 

The search for a definition for neonatal hypoglycaemia began over 70 years ago (Hartmann, Jaudon, & 

Morton, 1937).  There has been considerable confusion and discussion since then, with a variety of suggested 
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ranges for acceptable blood glucose concentrations.  The difficulty in agreeing a definition is related to the 

continued uncertainty as to what is a normal blood glucose concentration and what may cause damage.  

The definition in common use, < 2.6 mM, is heavily influenced by the research of Lucas and Koh in the 1980s.  

Koh determined that in babies and children monitored during episodes of hypoglycaemia (spontaneous and 

induced), abnormal sensory evoked potentials occurred only in those who had blood glucose concentrations 

of < 2.6 mM (Koh, Aynsley-Green, Tarbit, & Eyre, 1988).  The onset of abnormal sensory evoked potential 

occurred at a variety of blood glucose concentrations (0.7 to 2.5 mM), suggesting that different individuals 

may have different levels of susceptibility.  In six of these participants, the sensory evoked potential returned 

to normal following correction of hypoglycaemia with either a bolus of dextrose or intramuscular glucagon.  

However, the remaining four babies had a delay in recovery of their sensory evoked potential ranging from 

one hour to 16 days.  Half (five out of ten) of the children with abnormal evoked potentials were asymptomatic 

and four of these children were neonates aged 1 to 3 days.  Notably, all of the six children with blood glucose 

concentrations of > 2.6 mM had normal sensory evoked potentials.  Koh recognised that the abnormalities in 

evoked potential had not been shown to cause permanent damage, but surmised that they would not be of 

benefit, which led him to advise that blood glucose concentrations be maintained above 2.6 mM.  

In the same year Lucas published data on the adverse neurodevelopmental outcome associated with what 

was then called ‘moderate hypoglycaemia’ (defined as blood glucose of < 2.6 mM, and severe hypoglycaemia 

defined as < 0.6 mM) (Lucas, Morley, & Cole, 1988).  Preterm babies admitted to NICU had their blood 

glucose concentrations measured from shortly after admission until discharge or they weighed 2000 g.  

Sampling was intermittent and many of the standard neonatal unit practices such as use of early parenteral 

nutrition have changed over the subsequent 35 years.  Regardless of this, Lucas demonstrated an association 

between repeated episodes of hypoglycaemia and a reduction in Bayley Infant Scales of Development (BSID) 

at 18 months’ corrected gestational age.  Similarly to Koh, Lucas noted that 50% of babies with 

hypoglycaemia were asymptomatic.  Using days of hypoglycaemia with cut off blood glucose concentrations 

varying from 0.4 to 4 mM as the predictor variable, a regression analysis against the outcome variables of 

motor and mental BSID at 18 months’ corrected gestational age gave a maximum regression coefficient when 

a cut-off blood glucose concentration of < 2.6 mM was used.  Further modelling showed that reduction in both 

mental and motor scores was independently associated with the number of days of hypoglycaemia for blood 

glucose concentrations of < 2.6 mM but not for 2.6 to 4 mM.  Lucas therefore selected 2.6 mM as the cut off 
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for subsequent analyses.  These included further regression analysis to determine how many days of 

hypoglycaemia were important, with three or more days having the most significant effect on mental and 

motor developmental scores, and a similar analysis for neurodevelopmental impairment, defined as cerebral 

palsy or BSID (mental or motor) of ≤ 70.  The latter gave a risk ratio (RR) for neurodevelopmental impairment 

of 3.5 where hypoglycaemia was recorded on five or more days, compared to babies without hypoglycaemia. 

Lucas’ study was important because it dispersed the belief that preterm babies were less prone to damage 

caused by hypoglycaemia than adults and showed an increasing deficit with increasing number of days of 

hypoglycaemia.  Independent of Koh, Lucas advised that it was ‘wise not to allow plasma blood glucose 

concentrations in preterm, and perhaps full term, infants to remain below 2.6 mM’ (Lucas et al., 1988).  A 

subsequent follow-up study of the children enrolled in Lucas’ trial demonstrated that the neurodevelopmental 

impairment present at 18 months persisted at seven and a half to eight years of age.  Children with 

hypoglycaemia on three or more days continued to have clinically significant reductions in their scores for 

arithmetic and motor function (Lucas & Morley, 1999). 

Following publication of these two key studies by Koh and Lucas in 1988, < 2.6 mM has remained a common, 

though debated, definition of neonatal hypoglycaemia worldwide.  The World Health Organization (WHO) 

review of newborn hypoglycaemia in 1997 concluded that there was “insufficient data to define a normal range 

for blood glucose values in healthy term breastfed babies” and, noting the association between blood glucose 

concentration of < 2.6 mM and adverse neurodevelopmental outcome, advised a cautious approach in 

symptomatic term and preterm babies “as no definitive threshold can be set” (World Health Organization, 

1997).  Fifteen years later, 2.6 mM is still the most common definition in use (Cornblath et al., 2000; Harris, 

Weston, Battin, & Harding, 2009), and is likely to remain so, until further clinical research provides either 

confirmation of 2.6 mM, or a new definition. 

1.8.2 Incidence of neonatal hypoglycaemia 

The reported incidence of neonatal hypoglycaemia will upon the definition of hypoglycaemia used, and 

whether the population included is a whole population cohort, or selected groups of at-risk babies.   



 

24 

When using the definition of < 2.6 mM, the incidence in a term, non-SGA, non-IDM cohort in England was 

reported as 12% (Hawdon et al., 1992), whereas for a similar term cohort from Nepal the incidence of 

hypoglycaemia was 32% (Anderson, Shakya, Shrestha, & Costello, 1993).  A whole population cohort from 

the USA reported an overall incidence of neonatal hypoglycaemia of 19% (Kaiser et al., 2015).  However, the 

incidence in babies who have risk factors is much higher: up to 50 % in IDM (Maayan-Metzger, Lubin, & Kuint, 

2009), large and small babies (Harris, Weston, & Harding, 2012) and 66 % in preterm babies (Lucas et al., 

1988). 

1.8.3 Threshold for intervention 

The blood glucose concentration at which clinicians choose to intervene to correct the blood glucose 

concentration to a level considered ‘normal’ or safe, has varied over time.  Early recommendations were to 

monitor and intervene when the blood glucose concentration fell below 1 mM (Hartmann et al., 1937).  Some 

advised no intervention in those babies who were asymptomatic (Hartmann et al., 1937). 

Practice has changed over time, as evidence has emerged of damage associated with low blood glucose 

concentrations.  A survey in 1986 of paediatric textbooks and neonatologists in the UK reported a range of 

definitions from < 1.1 mM to < 2.5 mM in textbooks and < 1 mM to < 4 mM amongst neonatologists (Koh, 

Eyre, & Aynsley-Green, 1988).  A subsequent survey by the same author six years later showed that attitudes 

had changed, with a significant increase in the number of neonatologists reporting intervention at 2.0 mM 

(Koh & Vong, 1996).  In a more recent survey of Australian and New Zealand neonatal units in 2009, the 

majority (78%) of respondents reported using < 2.6 mM as their threshold for intervention.  Despite this, there 

continued to be a range of thresholds for intervention reported dependent upon the clinical scenarios for 

babies with a blood glucose concentration of between 1.0 mM and 2.6 mM (Harris, Weston, et al., 2009). 

There is uncertainty about whether it is necessary to intervene to correct low blood glucose concentrations in 

babies who have brief, early (1 to 2 hours of age) low blood glucose concentrations and who are 

asymptomatic (Hay, Raju, Higgins, Kalhan, & Devaskar, 2009; Juthani, Kumar, & Williams, 2013).  This 

uncertainty is due to the documented nadir in blood glucose concentrations in the immediate post-birth period 

which is commonly considered to be a normal response in the neonate to the change from constant to 
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intermittent glucose availability (Cornblath et al., 2000; Srinivasan et al., 1986).  Therefore, suggested 

thresholds for intervention will often include different thresholds for different postnatal ages. 

‘Operational thresholds’ were suggested by Cornblath et al. in 2000.  They advised clinical intervention in 

‘symptomatic’ babies if blood glucose concentration is < 2.5 mM.  For those babies with risk factors they 

suggested monitoring of blood glucose concentration, and close surveillance if the result is < 2.0 mM, with 

intervention if there is no increase post-feed, or if abnormal clinical signs develop.  They also advised 

correcting the blood glucose concentration with intravenous glucose infusion if blood glucose concentration is 

< 1.4 mM.  They advised using the same thresholds for preterm as for term infants.  The authors acknowledge 

the empirical, expert-opinion basis of these thresholds, but justify them with a desire to provide operational 

thresholds high enough to provide a margin of safety and be applicable to a wide range of clinical aetiologies 

(Cornblath et al., 2000). 

The American Academy of Pediatrics’ current guide for management of the postnatal ward newborn at risk of 

neonatal hypoglycaemia includes an algorithm with suggested thresholds for intervention (Adamkin, 2011).  

The advice is to screen babies who are most at risk (i.e. IDM, LGA, SGA and late preterm infants (34 to 36+6 

weeks’ gestational age).  The advised threshold for intervention is dependent upon postnatal age and ranges 

from 1.4 to 2.2 mM in the first four hours, 1.9 to 2.5 mM from four to 24 hours and 2.5 mM for babies > 24 

hours old.  In babies with clinical signs the advised threshold for intervention is a blood glucose concentration 

of 2.2 mM.  The authors acknowledge that this guidance is pragmatic rather than evidence based. 

A review of the evidence was undertaken by a workshop for the National Institute for Child Health and Human 

Development (NICHD).  Recognising the lack of evidence available to guide selection of a threshold for 

intervention, the workshop panel advised that repeated and prolonged very low plasma glucose 

concentrations should be investigated and treated, but did not specify blood glucose concentrations or lengths 

of time (Hay et al., 2009). 

Alternative pragmatic thresholds continue to be suggested.  Boardman et al. recently suggested that at-risk 

babies be fed 100 ml/kg/day and monitoring stopped in ‘asymptomatic’ babies when two blood glucose 

concentrations of > 2.0 mM are obtained, raising the threshold to 3.0 mM in babies with hyperinsulinism.  

They advised use of ‘local guidelines’ for management of babies with a blood glucose concentration of 1.0 to 

2.0 mM who are asymptomatic (Boardman, Wusthoff, & Cowan, 2013). 
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The most recent advice from the Pediatric Endocrine Society (USA) for babies at risk of hypoglycaemia who 

are feeding normally, within the first 48 hours after birth is that a ‘safe target’ is > 2.8 mM and that this should 

be increased to > 3.3 mM for babies who require interventions beyond normal feeds.  The committee justified 

these thresholds as a balance of the risk of intervention against a ‘period of brief undertreatment’ based on 

the threshold for neuroglycopenic symptoms of 3 mM in older children and adults (Stanley et al., 2015). 

A recent multicentre randomised controlled trial (available only as conference abstract and summary of the 

protocol from trial registration ISRCTN79705768) compared two currently accepted management strategies 

for hypoglycaemia in at risk babies.  Van Kempen et al. randomised at risk babies to either an ‘intensive 

management’ strategy (blood glucose concentration maintained at ≥ 2.6 mM by increasing the carbohydrate 

intake with oral nutrition and/or intravenous glucose) or an ‘expectant strategy’ (blood glucose concentration 

maintained at ≥ 2.0 mM by the usual oral nutrition).  Despite a higher incidence of hypoglycaemia (definition 

not clear from the available documents) in the ‘expectant’ monitoring group compared to the intensive 

treatment group (70%  vs 57%, P < 0.001) they reported no significant difference in neurodevelopmental 

outcome using BSIDIII at age 18 months’ corrected age.  Limitations of the trial included not achieving the 

desired sample size (they enrolled 691 of the desired 800 babies) and a follow-up rate of 84% (van Kempen, 

Eskes, Kok, & Boluyt, 2014). 

1.8.4 Immediate effects of hypoglycaemia 

1.8.4.1 Clinical 

The clinical features of neonatal hypoglycaemia are often subtle, occur in a wide range of other neonatal 

conditions and are not pathognomonic for neonatal hypoglycaemia (Cornblath & Ichord, 2000; Lucas et al., 

1988; Milner, 1979) (Table 1.1).  Many babies with hypoglycaemia will not have any signs at all (Flores-le 

Roux et al., 2012; Harris et al., 2012; Haworth, Coodin, Finkel, & Weidman, 1963; Haworth & McRae, 1965; 

Hoseth et al., 2000; Hume, McGeechan, & Burchell, 1999; Schwartz, 1961).  Those who do will usually have 

resolution of the clinical findings upon correction of the hypoglycaemia if this is the cause of the abnormalities. 
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Table 1.1  Signs of hypoglycaemia in newborn infants. 

System Clinical sign 

General findings Abnormal cry 

Poor feeding 

Hypothermia 

Diaphoresis 

Neurological Tremors and jitteriness 

Hypotonia 

Irritability 

Lethargy 

Seizures 

Cardiorespiratory Cyanosis 

Pallor 

Tachypnoea 

Apnoea 

Cardiac arrest 

(Rozance & Hay, 2006; Stanley et al., 2015) 

Babies who are ‘asymptomatic’ during periods of hypoglycaemia were in the past thought to have a normal or 

better outcome than those who exhibited signs (Haworth & McRae, 1965; Kalhan & Peter-Wohl, 2000; 

Koivisto, Blanco-Sequeiros, & Krause, 1972).  However, this is no longer considered to be absolutely true.  
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Longer-term neurodevelopmental outcomes do not differ between babies who exhibit signs and those who do 

not (Stenninger et al., 1998). 

1.8.4.2 Neurophysiology 

The results of studies of neurophysical investigations during hypoglycaemia are conflicting. 

Studies of visual evoked potentials in adults undergoing observation during hypoglycaemia induced by insulin 

infusion became abnormal when blood glucose concentration fell below 2.6 mM (Harrad et al., 1985).  

However, adults undergoing similar intervention in a different study had no abnormality of somatosensory 

cortical evoked potentials in response to induced hypoglycaemia to target blood glucose concentrations of 1.8 

to 2.0 mM (Tallroth, Lindgren, Stenberg, Rosen, & Agardh, 1990). 

The first report of neurophysical changes in neonates with hypoglycaemia was by Koh in 1988 (Koh, Aynsley-

Green, et al., 1988).  In four of the seventeen children studied, the evoked potentials remained abnormal 

beyond correction of the blood glucose concentration with intravenous dextrose.  In one patient this 

abnormality persisted for two days.  The long-term effect of such changes is uncertain.  Of significance is the 

finding that no abnormalities in evoked potential occurred in those babies with a blood glucose concentration 

≥ 2.6 mM.  However, similar changes in evoked potential have not been subsequently demonstrated in other 

studies of hypoglycaemia in the neonatal population (Cowett, Howard, Johnson, & Vohr, 1997; Pryds, 

Greisen, & Friis-Hansen, 1988), possibly due to increase in cerebral blood flow and the relatively brief periods 

of hypoglycaemia (Pryds et al., 1988). 

1.8.4.3 Amplitude integrated Electroencephalogram  

Amplitude integrated Electroencephalogram (aEEG) is now a standard tool in use in NICU for monitoring of 

seizures and hypoxic ischaemic encephalopathy in neonates, and neonatologists are now familiar with its use 

and interpretation in these clinical conditions.  However, aEEG is currently used only as a research tool with 

respect to neonatal hypoglycaemia, as it has not as yet proved reliable for either detection or monitoring of 

neonatal hypoglycaemia (Harris et al., 2011). 
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aEEG changes reported during hypoglycaemia (blood glucose concentration of < 1.7 mM) in preterm infants 

of 26 to 34 weeks’ gestation include ‘silent seizures’ and discontinuous activity (Pryds et al., 1988).  A more 

recent study in extremely preterm babies of 22 to 27 weeks’ gestation reported changes in single channel 

aEEG when blood glucose concentration was < 3 mM, and in inter-burst interval when blood glucose 

concentration was < 4mM.  However, these changes in inter-burst interval may not apply to more mature 

babies who have a different normal background aEEG pattern (Wikstrom et al., 2011). 

Hellström-Westas reported aEEG changes in one term neonate with necrotising enterocolitis undergoing 

peritoneal dialysis, who had periods of severely abnormal reduction in maximum amplitude when the blood 

glucose concentration was < 2 mM (Hellstrom-Westas, Rosen, & Svenningsen, 1989).  Stenninger 

subsequently showed a subtle decrease in maximum amplitude and increase in minimum amplitude (i.e. 

narrowing of the amplitude range) of aEEG in term babies who had hypoglycaemia with blood glucose 

concentrations of < 2.2 mM for a minimum of 60 minutes (Stenninger, Eriksson, Stigfur, Schollin, & Aman, 

2001). 

Even targeting the occipital region, recognised for its vulnerability to damage associated with neonatal 

hypoglycaemia (Anderson, Milner, & Strich, 1967; Barkovich, Ali, Rowley, & Bass, 1998; Filan, Inder, 

Cameron, Kean, & Hunt, 2006; Spar, Lewine, & Orrison, 1994), did not increase detection of aEEG 

abnormalities in neonatal lambs or babies during hypoglycaemia (Harris, Battin, Williams, Weston, & Harding, 

2009; Harris et al., 2011).  Thus, aEEG has not yet proven to be useful in its current form (bi-temporal and bi-

parietal leads) or earlier form (bi-parietal leads only) in detection of neonatal hypoglycaemia.  This may be due 

to the limitations of aEEG, in that it provides only a compressed and superficial electroencephalogram (EEG) 

compared with a standard quantitative EEG.  Therefore it may not detect changes in the deeper structures 

more sensitive to the effects of hypoglycaemia or in the more subtle changes in quantitative EEG frequency 

reported in adults and in children in hypoglycaemia (Tallroth et al., 1990). 

1.8.4.4 Standard Electroencephalogram 

Formal (quantitative) Electroencephalogram (EEG) changes have been well documented in animal, adult, 

paediatric and neonatal patients with hypoglycaemia.  In animals the reported pattern is a change from normal 

frequency to discontinuous burst suppression following onset of hypoglycaemia.  If the hypoglycaemia 
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continues the EEG becomes iso-electric.  Following correction of the blood glucose, the EEG returns to 

normal frequency (Auer, Olsson, & Siesjo, 1984).  Iso-electric EEG is associated with neuronal necrosis in 

animals (Auer & Siesjo, 1993). 

Abnormality of the EEG occurs in adult subjects with induced hypoglycaemia.  The earliest changes, slowing 

of the α wave, are seen at blood glucose concentrations of 2.5 mM and are followed by increased slow waves, 

δ and θ, with a corresponding reduction in the faster α waves.  These changes are all corrected by 

normalisation of the blood glucose concentration (Harrad et al., 1985; Tallroth et al., 1990) and are most 

marked over the anterior cerebral regions, but are also associated with a decrease in high frequency α and β 

activity in the posterior region (Tallroth et al., 1990).  Interestingly, specific event-related potentials (P300) 

associated with higher functions such as decision making, show decreased amplitude during hypoglycaemia 

(1.8 mM median, range 1.6 to 2.3 mM) and take longer to return to baseline than those in normoglycaemia 

controls (Tallroth et al., 1990). 

Quantitative EEG in children also shows the same pattern of increased slow wave activity during 

hypoglycaemia (Bjorgaas, Sand, Vik, & Jorde, 1998).  However, there are few studies of EEG in neonates 

during hypoglycaemic episodes.  Changes may be subtle, such as changes in relative frequencies in the 

frontal, temporal and parietal regions (Stenninger et al., 1998) and may involve widespread abnormality of the 

background activity with electographical seizures, without localisation to areas confirmed as having MRI 

changes (Filan et al., 2006). 

1.8.4.5 Neuroimaging 

Cranial ultrasound is not sensitive in detection of brain injury secondary to hypoglycaemia (Filan et al., 2006).  

Computed Tomography (CT) brain largely has been superseded by MRI for neonatal brain imaging (Spar et 

al., 1994). 

The first report of MRI abnormality associated with neonatal hypoglycaemia demonstrated extensive loss of 

the occipital cortex bilaterally (Spar et al., 1994).  Further studies using MRI have shown similar regional 

changes (Alkalay, Flores-Sarnat, Sarnat, Moser, & Simmons, 2005; Barkovich et al., 1998; Kinnala et al., 

1999; Murakami et al., 1999; Traill, Squier, & Anslow, 1998).  In a review of 23 cases of babies with 
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hypoglycaemia with abnormal neuroimaging, 82% had abnormalities in the occipital lobes (Alkalay et al., 

2005). 

MRI is optimally timed for detection of diffusion weighted image changes when performed within 6 days from 

time of hypoglycaemia (Burns, Rutherford, Boardman, & Cowan, 2008; Tam et al., 2012).  MRI changes 

reported in babies who have had hypoglycaemia range from localised to extensive injury.  The most 

commonly reported changes are white matter injury, which occurred in 94% of babies in one series (Burns et 

al., 2008).  Although the occipital region is considered the typical area for hypoglycaemic brain injury, more 

recently it has been recognised that more widespread MRI changes may be seen in the temperoparietal 

region, cerebral cortex and basal ganglia/thalamus (Barkovich et al., 1998; Burns et al., 2008).  The deep grey 

matter and posterior limb of the internal capsule are less commonly affected (Burns et al., 2008).  These early 

signs persist on follow-up MRI and may progress to regional atrophy (Filan et al., 2006).  MRI injuries are 

more severe in babies with a combination of hypoxic ischaemic encephalopathy and/or infection and 

hypoglycaemia (Caksen et al., 2011). 

No consistent relationships have been reported between the duration of hypoglycaemia and MRI findings 

(Burns et al., 2008).  However, age of onset of hypoglycaemia may affect MRI findings.  In one cohort of 50 

children who underwent MRI following an episode of symptomatic hypoglycaemia secondary to congenital 

hyperinsulinism, glycogen storage disorder type 1 or fatty acid oxidation disorders, a range of injuries were 

seen.  The most common MRI finding in babies of less than six months of age was posterior white matter 

injury: between six and 22 months of age it was basal ganglia injury and from 22 months, parietotemporal 

injury (Gataullina et al., 2012).  Focal arterial infarction has also been reported in term (Burns et al., 2008) and 

preterm (Benders et al., 2007) babies who had hypoglycaemia, but no clear causal association has been 

made.  In addition, Burns reported possible haemorrhage on MRI in 30% of their cohort, but without post-

mortem findings was unable to exclude ischaemia or ischaemia secondary to haemorrhage (Burns et al., 

2008). 
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1.8.5 Long-term effects of hypoglycaemia 

1.8.5.1 Neurodevelopment 

Hypoglycaemia can be associated with later seizures (Cornblath, Odell, & Levin, 1959; Haworth & McRae, 

1965), MRI changes (Caksen et al., 2011; Filan et al., 2006; Inder, 2008; Murakami et al., 1999; Spar et al., 

1994; Tam et al., 2008) and structural damage to the brain with acute degeneration of neuronal and glial cells 

including fragmentation of nuclei, chromatolysis and vacuolation of the cytoplasm.  The structural changes are 

most evident in the cerebral cortex and particularly that of the occipital lobes (Anderson et al., 1967). 

A systematic review of hypoglycaemia and neurodevelopment reported conflicting results for the studies 

appraised (Boluyt, van Kempen, & Offringa, 2006).  Some reviewed studies reported no effect of 

hypoglycaemia on neurodevelopment and others reported severe neurodevelopmental impairment.  

Heterogeneity between studies included prospective vs. retrospective studies, differences in definition and 

duration of hypoglycaemia and method of blood glucose concentration analysis (Boluyt et al., 2006).  

Furthermore, it is possible that the risk of developing neurodevelopmental impairment varies depending upon 

the aetiology for hypoglycaemia in a given baby (Hay et al., 2009). 

Despite the difficulty in comparing the published literature on neurodevelopmental effects of hypoglycaemia, a 

few key studies have substantially influenced clinical practice.  One key trial was the Lucas trial described 

previously, which demonstrated an association between repeated episodes of neonatal hypoglycaemia and 

adverse neurodevelopmental outcome in very preterm babies.  Importantly, the severity of the deficit was 

related to the number of days of hypoglycaemia (Lucas et al., 1988), and the relationship between 

hypoglycaemia and neurodevelopment persisted at 7.5 to 8 years (Lucas & Morley, 1999). 

A recent prospective observational study was designed with the intention of replicating the findings of Lucas et 

al.  Preterm infants born before 32 weeks’ gestation in the North of England in 1990-91 who had blood 

glucose concentrations measured daily for the first 10 days were followed to 15 years of age.  Index cases 

were identified using only a single blood glucose concentration measurement taken at a prespecified time in a 

24 hour period, with the intention of reducing any potential bias whereby sicker babies might have more 

sampling and might therefore have other confounding factors which increase the risk of long-term impairment; 
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a previous criticism of the Lucas trial.  The control group was selected to match the index group, but had 

never had a documented blood sugar of < 2.5mM.  There were no differences between the 38 children who 

had hypoglycaemia (defined as blood glucose concentration < 2.5 mM for more than 3 days) and controls 

when assessed at 2 years using Griffiths Scales for Mental Development, and at 15 years using a 

combination of detailed psychometric assessment tools which included Wechsler scores (Tin, Brunskill, Kelly, 

& Fritz, 2012).  The results of this study might be considered reassuring.  However, data are based on small 

numbers, only 38 of the 47 index cases underwent a complete assessment at 15 years and 215 (27%) of the 

original cohort of 781 children had died by 2 years of age and therefore were not included in the assessments.  

Further, it is entirely possible that single sampling of blood glucose concentration at a fixed time did not detect 

asymptomatic hypoglycaemia in the control group.  Continuous glucose monitoring (CGM) detects 

significantly more episodes of low blood glucose concentration than intermittent sampling (Beardsall, 

Brocklehurst, & Ahluwalia, 2008; Harris, Battin, Weston, & Harding, 2010).  Although Tin et al. conclude that 

there is “no evidence to support that recurrent low blood glucose levels of ≤ 2.5 mmol/L (45 mg/dL) pose a 

hazard to preterm infants” they also recognise that “It would be unwise to assume that low blood glucose 

levels cannot be damaging in the preterm infant even in the absence of overt recognizable signs, simply 

because this study has failed to replicate the earlier study from Cambridge” (Tin et al., 2012). 

A retrospective case review suggested that more severe neurodevelopmental impairment may be associated 

with increasing duration of hypoglycaemia.  In two groups of children who had neonatal hypoglycaemia, the 

children with severe neurodevelopmental impairment had a significantly longer duration of neonatal 

hypoglycaemia than the normal children.  However, children with neurodevelopmental impairment also had a 

greater proportion with fetal distress and an Apgar of less than 5 at 5 minutes than the control group 

(Montassir et al., 2009). 

Hypoglycaemia was recently reported to be the only morbidity which is independently associated with the risk 

of developmental delay in moderately preterm babies.  In a prospective cohort study, a blood glucose 

concentration of < 1.7 mM occurred in 8.1% of moderately preterm babies and was associated with an 

increased risk of developmental delay at 4 years of age from 9.1% to almost 20%.  The odds ratio for 

abnormal developmental score (assessed by Ages and Stages Questionnaire) was greatest in those babies 

with a blood glucose concentration of 1.1 to 1.7 mM (Odds Ratio (OR) 2.5 (0.98 - 6.4) (Kerstjens, Bocca-

Tjeertes, de Winter, Reijneveld, & Bos, 2012). 
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In babies born SGA and preterm, recurrent episodes of hypoglycaemia (blood glucose concentration < 2.6 

mM) are associated with neurodevelopmental impairment in executive functioning at 5 years of age (Duvanel, 

Fawer, Cotting, Hohlfeld, & Matthieu, 1999). 

A more recent study of LGA term babies reported a trend towards poorer outcome at 4 years in the babies 

with hypoglycaemia compared to those without hypoglycaemia.  Only the findings for the reasoning subscale 

of the intelligence test (Snijders-Oomen non-verbal intelligence test) were statistically significant, but the 

numbers studied were small (75 babies) (Brand, Molenaar, Kaaijk, & Wierenga, 2005). 

Population-based screening for neonatal hypoglycaemia is rare, with most centres choosing to monitor only at 

risk babies, as recommended by the Pediatric Endocrine Society (USA) (Thornton et al., 2015), American 

Academy of Pediatrics (Adamkin, 2011), Canadian Pediatric Society (Canadian Pediatric Society Fetal and 

Newborn Committee, 2004) and WHO (World Health Organization, 1997).  However, a recent retrospective 

cohort study from a centre in the United States with a policy for screening all babies for hypoglycaemia 

reported an association between early transient hypoglycaemia and decreased academic scores at age 10 

years (Kaiser et al., 2015).  Over 99% of babies born in this single centre in 1998 had a blood glucose 

concentration measured using a glucose oxidase method at a median time of 89 minutes after birth.  Those 

whose blood glucose concentrations had normalised by the time of the second sample taken a median of 70 

minutes later were defined as having transient neonatal hypoglycaemia.  Babies whose first two glucose 

concentrations were below a cutoff or who died before discharge or had congenital anomalies were excluded.  

The authors were able to match academic records at age 10 years for 1395 (72%) of the cohort.  Transient 

hypoglycaemia occurred in 6.4%, 10.3% and 19.3% of babies with blood glucose thresholds of < 35, < 40, 

and < 45mg/dL (1.9, 2.2 and 2.5 mM) respectively.  Children with blood glucose of < 1.9 mM had 

approximately 50% reduction in odds of achieving proficiency in literacy and mathematics, with similar effect 

for children with blood glucose < 2.2 mM and slightly less so for < 2.5 mM.  There are no data for blood 

glucose concentrations beyond the first two samples and so recurrent hypoglycaemia cannot be excluded.  

Furthermore, it is possible that hypoglycaemia is an association rather than causative, or even that the rapid 

correction of hypoglycaemia had a negative effect (McKinlay et al., 2015).  Nevertheless, this study adds 

important information to the potential long-term effects of hypoglycaemia in the neonatal period and supports 

the need for long-term follow-up of potential new interventions. 
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A prospective cohort study of 404 New Zealand children at risk of hypoglycaemia (the Children at risk of 

HYpoglycaemia and their Later Development – CHYLD study) did not demonstrate any association between 

neonatal hypoglycaemia and adverse neurodevelopment at age 2 years when hypoglycaemia was treated to 

maintain blood glucose of ≥ 2.6 mM.  Neonatal hypoglycaemia was common, occurring in 53% (216/404) of 

the cohort, with a further 8% (33/404) of the cohort having low glucose detected only by continuous interstitial 

glucose monitoring.  Of some concern is the association between increased risk of neurodevelopmental 

impairment (particularly cognitive delay) and longer duration with blood and interstitial glucose concentrations 

outside a defined central band of 3 to 4 mM, suggesting that increased glycaemic variability, rather than just 

hypoglycaemia may contribute to adverse neurodevelopment (McKinlay et al., 2015). 

Recent studies in adults have focused on executive functioning (higher cognitive skills required to plan, 

coordinate, prioritise and effect other cognitive operations) in adults with and without diabetes, demonstrating 

impairment during hypoglycaemia in all areas of executive function (Graveling, Deary, & Frier, 2013) and in 

language processing alone (Allen et al., 2015).  In children, early onset Type 1 diabetes is associated with 

lowered scores in executive functions including attention (Rovet & Ehrlich, 1999), processing speed and 

executive skills tasks (Northam et al., 2001).  There are few reports on the effect of neonatal hypoglycaemia 

on executive function in childhood.  One recent study reported no difference in executive function for children 

age 2 years who had neonatal hypoglycaemia (< 2.6 mM) and were randomised to treatment with dextrose 

gel or placebo, compared with a control cohort of children with normoglycaemia (McKinlay et al., 2015). 

1.8.5.2 Head circumference 

One small study demonstrated a reduction in head growth in babies who had experienced neonatal 

hypoglycaemia, as well as a reduction in intelligence quotient (IQ) at 5 to 7 years (Pildes et al., 1974).  

However, it is possible that confounding factors contributed to this difference as a larger proportion of the 

hypoglycaemic than control group had complications at birth. In another study, babies with six or more 

episodes of hypoglycaemia had decreased head circumference compared to normoglycaemic controls 

(Duvanel et al., 1999).  Importantly, head growth was normal prior to the hypoglycaemia, suggesting that the 

recurrent hypoglycaemia contributed to reduction in brain growth and therefore head circumference.  This is of 

particular relevance because head growth in infancy correlates with school age IQ (Gale et al., 2006), as does 

head growth in the first 6 months in low birth weight babies (Lira et al., 2010). 
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1.8.5.3 Visual impairment 

Hypoglycaemia is associated with occipital lobe abnormalities on MRI (Barkovich et al., 1998; Filan et al., 

2006; Murakami et al., 1999; Traill et al., 1998).  Diffusion weighted changes seen in the occipital lobes 

following hypoglycaemia are associated with abnormal visual evoked potentials and cortical visual deficits 

(Tam et al., 2008).  Acute hypoglycaemia in both diabetic and non-diabetic adults impairs visual processing, 

without effect on standard measures of visual acuity (Ewing, Deary, McCrimmon, Strachan, & Frier, 1998; 

McCrimmon, Deary, Huntly, MacLeod, & Frier, 1996). 

1.8.6 Diagnosis of neonatal hypoglycaemia 

1.8.6.1 Enzymatic reaction 

The gold standard for determining blood glucose concentration is by an accurate specific enzymatic reaction.  

The three commonly used reactions are the glucose hexokinase, glucose oxidase and glucose 

dehydrogenase methods. 

v. Glucose hexokinase  

Glucose hexokinase phosphorylates glucose to glucose-6-phosphate using phosphate from ATP.  Glucose-6-

phosphate is then converted to 6-phosphogluconolactone by reduction of nicotinamide adenine dinucleotide 

(NADP
+
) to nicotinamide adenine dinucleotide phosphate (NADPH).  By using a spectrophotometer, the 

increase in absorbance at a set point (340 nm) is measured.  The glucose hexokinase reaction is extremely 

accurate due to both the specificity of glucose-6-phosphate dehydrogenase for glucose and the rate of 

production of NADPH being directly proportional to the amount of glucose present in the sample analysed.  

Although fructose and mannose can also be phosphorylated in the initial hexokinase reaction, they will not 

react in the second reaction (Sacks, 2012). 
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Figure 1.1  Glucose hexokinase reaction 

 

D-Glucose + ATP  
                      
→                  D-glucose-6-phosphate + ADP + H+ 

glucose-6-phosphate + NADP+  
                                     
→                                  6-phosphogluconolactone + NADPH +H+ 

6-phosphogluconolactone + H20  
                       
→                      6-phosphogluconic acid 

 

vi. Glucose oxidase  

Glucose oxidase converts β-D-glucose to D-gluconic acid.  The subsequent peroxidase reaction can then be 

measured either spectrophotometrically or amperometrically (McPherson & Pincus, 2011). 

Glucose oxidase reacts preferentially with β-D-glucose over other circulating glucose anomers and sugars 

such as galactose and maltose (Keilin & Hartree, 1948).  The active binding site of glucose oxidase has five 

residues which interact with the characteristic glucose five hydroxyl sites, thereby ensuring specificity of the 

enzyme for glucose (Ferri, Kojima, & Sode, 2011).  This gives it a marked advantage over glucose 

dehydrogenase, which is less specific for glucose and will react with other sugars thereby giving falsely raised 

glucose results (Ferri et al., 2011). 
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Figure 1.2  Glucose oxidase reaction 

 

β-D-glucose + O2  
                   
→               D-gluconic acid  + H2O2 

H2O2 + chromogenic oxygen acceptor  
              
→           colour chromogen + H2O

 

H2O2  
              
→           2H

+
 + O2 + 2e

- 

 

 

vii. Glucose dehydrogenase 

Glucose dehydrogenase oxidises glucose to gluconolactone, using NAD
+
 as co-factor.  Each glucose oxidised 

produces one NADH. Glucose dehydrogenase can use other co-factors (pyrroloquinoline quinone (PQQ) or 

Flavin-Adenine-Dinucleotide) to reduce glucose.  However, the United States Food and Drug Administration 

(FDA) issued a Public Health Notification for medical devices using the PQQ-glucose dehydrogenase method 

in 2009, recommending that these devices are not used in healthcare facilities due to the potential for falsely 

elevated glucose results, especially in those with non-glucose sugars in their circulation, leading to masking of 

significant hypoglycaemia or insulin administration, thereby causing morbidity and/or mortality (United States 

Food and Drug Administration, 2009). 

β-D-glucose + NAD+  
  𝑔𝑙𝑢𝑐𝑜𝑠𝑒 𝑑𝑒 𝑦𝑑𝑟𝑜𝑔𝑒𝑛𝑎𝑠𝑒  
→                     D-gluconolactone  + NADH  +  H

+
 

Figure 1.3  Glucose dehydrogenase reaction 
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The glucose hexokinase method is now the most widely accepted reference laboratory method (McPherson & 

Pincus, 2011).  In the most recent College of American Pathologists survey, most laboratories reported using 

glucose hexokinase to determine blood glucose concentration, some glucose oxidase and very few glucose 

dehydrogenase (College of American Pathologists, 2003; Sacks, 2012). 

1.8.6.2 Intermittent Blood Glucose Sampling 

Blood glucose concentration in neonates is commonly measured using small volume capillary heel-prick 

sampling and point-of-care analysers.  The use of point-of-care analysis ensures that results are available in a 

clinically relevant timeframe, allowing immediate clinical management decisions to be made.  Point-of-care 

analysers lead to healthcare financial savings due to the saving in cost of the single enzyme reaction, the 

removal of the need to transport a sample to the laboratory and the ability of the bedside staff member to 

undertake the analysis instead of a laboratory technician. 

There are numerous point-of-care analysers available for monitoring blood glucose concentrations.  These 

have been primarily developed for use in self-monitoring of diabetic adults and children.  Accuracy has 

improved over the years since point-of-care analysers were first introduced into clinical care (Nichols, 2003).  

However, considerable variation in accuracy between monitors persists (Freckmann et al., 2010).  Some 

newer monitors have been developed for neonatal use, and attempt to take into account the common 

complicating factors in neonatal monitoring (Freckmann et al., 2010).  The use of point-of-care analysers is 

supported for monitoring of blood glucose concentration in diabetic patients but not for diagnosis or screening 

of abnormal blood glucose concentrations (American Diabetes Association, 2002; World Health Organization, 

2003).  It would seem prudent that the same standards are used for neonatal patients.  The American 

Academy of Pediatrics advises that “there is no point-of-care method that is sufficiently reliable and accurate 

in the low range of blood glucose to allow it to be used as the sole method for screening for neonatal 

hypoglycaemia” (Adamkin, 2011).  However, this is often not considered in the clinical implementation of 

point-of-care analysers, when greater importance may be placed on savings in financial cost of monitors and 

consumables, than on accuracy of monitoring.   
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1.8.6.3 Quality assurance 

An essential component of the use of point-of-care analysers is a quality assurance programme.  This will 

ensure that the device is calibrated against a standardised laboratory analysis of blood glucose concentration 

and should include benchmarking across institutions.  The American Diabetes Association advises that point-

of-care blood glucose analysers should provide accuracy of results within ± 5% of laboratory methods, for all 

ranges of results, 100% of the time (American Diabetes Association, 1994).  Other recommendations, such as 

those of the International Organisation for Standardisation (ISO) have less strict recommendations, advising 

accuracy within ± 15% of the laboratory result at test blood glucose concentration of 5.5 mM, 99% of the time 

(International Organization for Standardization, 2013). 

An additional consideration is the impact of erroneous results on patient care.  A statistical analysis such as 

the Clarke error grid may be used in order to assess the effect inaccurate point of care analyser results may 

have on patient clinical care (Clarke, 2005). 

Point-of-care analysers are also highly user-dependent.  An education programme which teaches and 

maintains a high standard of user technique will reduce analyser user-dependent errors (Conrad, Sparks, 

Osberg, Abrams, & Hay, 1989; Nichols, 2003). 

1.8.6.4 Factors affecting measured blood glucose concentration 

1.8.6.5 Sampling difficulties  

Errors in blood glucose analysis may occur secondary to a number of physiological factors including 

haematocrit, transitional acrocyanosis and hypothermia. 

The haematocrit in newborn babies is highest in the first 24 hours following birth (Gatti, 1967), and is usually 

higher than the normal adult range (Sidebottom, Williams, & Kanarek, 1982).   Measurement of whole blood 

glucose, as is commonly used by point-of-care analysers, may lead to inaccurate blood glucose concentration 

results in the setting of increased haematocrit.  This occurs because although glucose and water diffuse freely 

across the erythrocyte plasma membrane, the proportion of water in the erythrocyte is less than in plasma and 
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therefore the glucose concentration of the erythrocytes is lower than the plasma (D'Orazio et al., 2005; Sacks, 

2012; Sidebottom et al., 1982).  Furthermore, babies with high haematocrits are more difficult to obtain blood 

samples from, leading to increased error in the result secondary to haemolysis.  The presence in a 

haemolysed specimen of phosphate esters and enzymes released from erythrocytes may interfere with the 

glucose assay (Sacks, 2012) and the dilutional effect of the haemolysis may substantially reduce the glucose 

concentration of the specimen (Lippi, Salvagno, Montagnana, Brocco, & Guidi, 2006). 

Transitional acrocyanosis and hypothermia may contribute to difficulty in obtaining a capillary specimen and 

may be compounded by poor technique such as excessive squeezing of a heel, leading to haemolysis and/or 

insufficient sample size.  Insufficient sample size alone causes erroneous results (Heijboer, Otten, Jelles, 

Blankenstein, & Vroonhof, 2008). 

Delay in time from sampling to analysis increases the risk of clotting of sample and affects the blood glucose 

concentration due to ongoing consumption of glucose by erythrocytes (McPherson & Pincus, 2011; 

Sidebottom et al., 1982).  

1.8.6.6 Specimen vascular source 

Blood glucose concentration differs depending upon the source of the sample.  Whole blood glucose 

concentrations are approximately 10 to 15% lower than plasma glucose concentrations due to the lower 

glucose concentration of erythrocytes than plasma (McPherson & Pincus, 2011). 

Capillary samples have a greater plasma to blood cell ratio than arterial and venous samples.  Arterial 

samples have a 10 to 15% higher glucose concentration than venous samples and the difference will depend 

upon the timing of sample in relation to nutritional intake (McPherson & Pincus, 2011).  Capillary glucose 

concentrations are usually between those obtained from arterial and venous samples (Beardsall, 2010). 

Laboratory analysers commonly use plasma specimens whereas point-of-care analysers use whole blood.  

Point-of-care analysers may be set up to give results which are adjusted mathematically to produce a result 

which gives either a whole blood or plasma-equivalent result (D'Orazio et al., 2005). 
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1.8.6.7 Specimen storage/transport 

Whole blood samples can be affected by the presence of erythrocytes which will continue to consume glucose 

as their primary energy source, unless a fluoride collection tube is used to inactivate the erythrocyte glucose 

metabolism (McPherson & Pincus, 2011).  Delay in transport for analysis and environmental factors such as 

temperature will affect the result as erythrocytes will continue to metabolise glucose during delays or with 

increased temperature (Sidebottom et al., 1982).  The use of point-of-care analysers minimises the effect of 

storage/environmental temperature on erroneous measurement as the sample is analysed immediately after it 

is obtained. 

1.8.6.8 Which point-of-care analyser? 

Glucose oxidase analysers provide the most accurate point-of-care analysis and use quantitative analysis of 

blood glucose concentrations by the measurement of the electric current produced from oxidation of glucose 

and hydrogen peroxide.  However, it remains common practice in many neonatal units and postnatal wards to 

screen babies’ blood glucose using the less reliable non-glucose oxidase method (Harris, Weston, et al., 

2009; Koh & Vong, 1996). 

Non-glucose oxidase monitors are primarily developed for use in adults and are therefore less accurate in the 

normal neonatal blood glucose range, which is lower than the normal adult range.  In particular, these 

analysers are less accurate at the extremes of both hyperglycaemia and hypoglycaemia (Ho, Yeung, & 

Young, 2004).  One comparison of laboratory glucose concentration against seven point-of-care analysers 

demonstrated a difference of more than 20% occurring in 57% and more than 10% in 75% of samples < 2.8 

mM (Khan, Vasquez, Gray, Wians, & Kroll, 2006).  The United States Food and Drug Administration (FDA) 

advises that point-of-care analysers devised for use in neonatal units should provide information on accuracy 

in the normal and hypoglycaemia neonatal range (1996). 

Abnormal results on non-glucose oxidase analysers are commonly followed with a repeat capillary or venous 

laboratory analysed specimen, potentially leading to delays in definitive clinical management.  
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1.8.6.9 Continuous Blood Glucose Monitoring 

Continuous glucose monitoring (CGM) devices measure the concentration of glucose in interstitial fluid.  The 

sensors may be either dermal or subcutaneous (McPherson & Pincus, 2011).  Measurement is by 

electrochemical methods and requires calibration with intermittent blood glucose concentration.  There is 

usually an equilibrium period, which leads to a lag between the change in blood glucose concentration and the 

reflection of this in the interstitial glucose concentration.  Mathematical adjustment can be made for this delay, 

giving a trend in variation of glucose concentration that is then used to tailor clinical management. 

Clinical use of CGM in diabetic adults and children is established and validated.  The use of real-time 

continuous glucose monitoring in combination with intensive insulin therapy is associated with lower HbA1c in 

diabetic adults and may also reduce HbA1c in younger patients (Juvenile Diabetes Research Foundation 

Continuous Glucose Monitoring Study et al., 2009).  Use of CGM in outpatient paediatric patients wearing 

insulin infusion devices was associated with reduction in the time patients spent within the hypoglycaemic- 

and hyperglycaemic range (Cemeroglu et al., 2010).  Furthermore, in paediatric intensive care patients, CGM 

interstitial glucose concentration correlates well with intermittent blood glucose concentration measurements 

(Bridges, Preissig, Maher, & Rigby, 2010).  In very low birthweight neonates, real-time CGM has been used to 

allow tailoring of carbohydrate delivery, reducing duration of hypoglycaemia episodes (Uettwiller et al., 2015). 

In the iPRO2
®
 (Medtronic MiniMed, Northridge, California, USA), a blinded monitoring system, the sensors can 

remain in place for up to 7 days.  The subcutaneous sensor uses interstitial glucose oxidation to generate an 

electrical current which is recorded every 5 minutes and calibrated against a blood glucose concentration, 

taken at least 12 hourly (iPRO2
®

 manual, Medtronic MiniMed, Northridge, California, USA).  CGM detects 

episodes of asymptomatic hypoglycaemia and hyperglycaemia, which otherwise might not be detected, 

provides a review of effect of nutritional intake or medication on the blood glucose concentration and 

potentially reduces frequency of blood glucose sampling by heel-prick (Boom, Rijkenberg, Kreder, 

Sechterberger, & van der Voort; Hay & Rozance, 2010). 

Clinical use of continuous glucose monitors in babies remains a research tool currently, with increasing 

evidence for accuracy, reliability and safety of use in even the smallest babies (Beardsall, Ogilvy-Stuart, 

Ahluwalia, Thompson, & Dunger, 2005; Beardsall et al., 2013; Harris et al., 2010; Hay & Rozance, 2010; 

Iglesias-Platas et al., 2009).  More episodes of hypoglycaemia are detected in newborn babies using CGM 
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than by intermittent blood glucose sampling alone.  However, the long-term effects of these otherwise 

undocumented episodes are not currently understood (Harris et al., 2010).  Indeed, recent data from the use 

of CGM in babies at risk of neonatal hypoglycaemia demonstrated an association between 

neurodevelopmental impairment at age 2 years and increased duration of time outside a predefined range.  

The effect appeared to be more closely related to the increased glycaemic variability, in particular a more 

rapid increase and higher peak within 12 hours of the first episode of hypoglycaemia, in interstitial glucose in 

those children with hypoglycaemia who received treatment with either oral or intravenous dextrose.  However, 

as the authors stated, this was an exploratory analysis and must be interpreted with caution (McKinlay et al., 

2015). 

Calibration of CGM must be with a consistent glucose method of analysis, preferably the gold standard 

glucose oxidase method.  Variations in calibration of interstitial glucose data occur with different point-of-care 

analysers and will be exacerbated if the time of the calibration sample is incorrectly entered, as calibration 

algorithms match the interstitial glucose to the calibration sample input at the same time (Thomas et al., 

2014). 

1.8.7 Management of neonatal hypoglycaemia 

1.8.7.1 Recognising risk factors for neonatal hypoglycaemia 

The American Academy of Pediatrics recommends “early identification of the at-risk infant and institution of 

prophylactic measures to prevent neonatal hypoglycaemia” (Adamkin, 2011).  IDM (Agrawal, Lui, & Gupta, 

2000; Maayan-Metzger et al., 2009), LGA (Persson, Fadhl, Hanson, & Pasupathy, 2013), SGA (Hawdon & 

Ward Platt, 1993) and preterm (Kerstjens et al., 2012) babies are the babies at highest risk of neonatal 

hypoglycaemia (Adamkin, 2011; Harris et al., 2012; Hawdon, 2013).  Additional risk factors for neonatal 

hypoglycaemia include perinatal asphyxia, prolonged labour, hypothermia, sepsis and some maternal 

medications as listed previously.  Studies of term babies without these risk factors have demonstrated low 

incidence of neonatal hypoglycaemia (Hoseth et al., 2000). 
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1.8.7.2 Antenatal recognition 

All pregnant women should be screened for gestational diabetes (American Diabetes Association, 2013).  The 

method of screening and threshold for definition of gestational diabetes continue to be debated and 

investigated (International Association of Diabetes Pregnancy Study Groups Consensus Panel et al., 2010; 

Vandorsten et al., 2013).  The implementation of a lower threshold for definition of gestational diabetes will 

increase the number of women diagnosed with gestational diabetes.  However, the impact that this will have 

on maternal and/or neonatal outcomes has not yet been definitively ascertained. 

Optimal antenatal care of pregnant women should include the referral of known diabetic women to a specialist 

service such as a multidisciplinary diabetic pregnancy clinic for monitoring and treatment of diabetes in 

pregnancy.   

1.8.7.3 Monitoring at-risk babies 

Although higher cord blood glucose concentrations are associated with neonatal hypoglycaemia at 1 to 2 

hours following birth (Maayan-Metzger et al., 2014; Srinivasan et al., 1986), they are not predictive of which 

babies will develop neonatal hypoglycaemia (Agrawal et al., 2000).  Umbilical cord concentration of C-peptide 

are also associated with neonatal hypoglycaemia (Sosenko et al., 1979), but cannot be used to predict 

neonatal hypoglycaemia.  The widely accepted clinical screening and monitoring of babies at-risk of neonatal 

hypoglycaemia involves:  (Adamkin, 2011; Canadian Pediatric Society Fetal and Newborn Committee, 2004; 

National Institute for Health Clinical Excellence, 2015; World Health Organization, 1997) 

i. early identification of pertinent risk factors, 

ii. early feeding  

iii. pre-feed blood glucose concentration measurement to determine the blood glucose concentration at 

the time when it is most at risk of being low, 

viii. monitoring over the highest risk period until demonstrated to remain above the chosen threshold for 

intervention. 
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1.8.8 Prevention of neonatal hypoglycaemia  

1.8.8.1 Maternal interventions 

WHO stated almost 20 years ago that “an approach aimed first at the prevention of hypoglycaemia, second at 

its reliable detection in newborns at risk and third at appropriate treatment which will not be deleterious to 

breastfeeding is …. of global importance” (World Health Organization, 1997).  However, despite the 

recommendations to prevent neonatal hypoglycaemia, there is little evidence of any effective interventions to 

achieve this.  Currently the only interventions available are based around minimising the demands upon the 

baby’s energy requirements by  

i. supporting normal transition at birth, 

ii. maintaining a thermoneutral environment and 

iii. ensuring early initiation of feeding with limited intervals between subsequent feeds. 

1.8.8.1.1 Maintenance of maternal blood glucose in the normal range 

Increased maternal blood glucose concentration is associated with increased fetal blood glucose 

concentration and increased risk of neonatal hypoglycaemia.  Therefore, maintenance of a normal maternal 

blood glucose concentration is an important aspect of reducing risk of neonatal hypoglycaemia.  However, 

infants of diabetic mothers remain at increased risk of neonatal hypoglycaemia even where their mothers had 

good control of their blood glucose concentrations during pregnancy (Agrawal et al., 2000). 

The Australian Carbohydrate Intolerance Study in Pregnant Women (ACHOIS) Trial demonstrated that 

treatment of gestational diabetes with dietary advice, blood glucose monitoring and insulin therapy if indicated, 

reduced serious perinatal complications (defined as death, shoulder dystocia, bone fracture, and nerve palsy) 

and decreased the incidence of macrosomia and LGA (Crowther et al., 2005).  The ACHOIS trial was not 

designed, and therefore not powered, to determine the effect on neonatal hypoglycaemia and no significant 

difference was observed.  However, macrosomia and LGA are both associated with increased incidence of 

neonatal hypoglycaemia.   
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The Hyperglycemia and Adverse Pregnancy Outcomes (HAPO) study also assessed the risk of adverse 

pregnancy outcomes in women who did not meet the blood glucose concentration thresholds for diagnosis of 

gestational diabetes.  It reported a ‘strong, continuous association’ between maternal blood glucose 

concentration and increased birthweight and umbilical C-peptide and a weaker association with neonatal 

hypoglycaemia (Hapo Study Cooperative Research Group et al., 2008).  Finally, the Metformin in Gestational 

Diabetes (MIG) trial reported a strong relationship between higher maternal blood glucose and the incidence 

of neonatal hypoglycaemia and birthweight > 4kg (Rowan, Gao, Hague, & McIntyre, 2010). 

In summary, although normoglycaemic should be the aim for pregnant women, targeting this alone is unlikely 

to prevent neonatal hypoglycaemia. 

1.8.8.2 Neonatal interventions 

1.8.8.2.1 Feeding regimes 

Antenatal expression of colostrum is considered to potentially increase the colostrum supply available for 

baby following birth, reduce the time taken to establish breastfeeding and decrease formula use (Cox, 2006).  

Its use is increasing despite a lack of evidence to confirm these potential benefits and uncertainty regarding 

potential detrimental effects (Chapman, Pincombe, & Harris, 2013).  One small study reported increased 

admission to NICU in infants of diabetic mothers who expressed colostrum antenatally (Soltani & Scott, 2012).  

In particular, the effect of this approach on the incidence of neonatal hypoglycaemia is as yet undetermined  A 

small pilot study did not show any improvement in mean blood glucose concentrations for babies whose 

mothers expressed colostrum antenatally when compared to audit data of babies whose mothers did not 

express antenatally (Forster et al., 2011).  A larger trial by the same research group is currently completing 

follow-up (Forster et al., 2014). 

Early initiation of breastfeeding within 30 minutes following birth has no effect on the blood glucose 

concentration at 1 hour after birth in babies without risk factors for neonatal hypoglycaemia (Sweet, Hadden, 

& Halliday, 1999).  However, early feeding (within 30 minutes of birth) of infants of diabetic mothers reduces 

the incidence of subsequent neonatal hypoglycaemia and maintains a higher mean blood glucose 
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concentration compared with those babies who receive their first feed later (Chertok, Raz, Shoham, Haddad, 

& Wiznitzer, 2009). 

1.8.8.2.2 Feeding supplementation 

Healthy newborn babies will usually maintain their blood glucose concentration despite the small volume, low 

energy food source provided by colostrum.  However, colostrum alone cannot be relied upon to provide the 

essential energy needs of babies with additional risk factors for neonatal hypoglycaemia.  Thus, babies at high 

risk of hypoglycaemia frequently receive supplemental or complementary feeding during establishment of 

feeding (Blomquist, Jonsbo, Serenius, & Persson, 1994; Harris, Weston, Signal, Chase, & Harding, 2013).  

However, supplementation or substitution of breastfeeding with fluids other than expressed breast milk may 

reduce duration of breastfeeding (Becker, Remmington, & Remmington, 2011; Blomquist et al., 1994; 

Chantry, Dewey, Peerson, Wagner, & Nommsen-Rivers, 2014). 

Powdered sugar has been used as an addition to formula in an attempt to prevent neonatal hypoglycaemia.  

Two studies in India compared formula to formula plus added powdered sugar in prevention of subsequent 

hypoglycaemia in babies at risk of hypoglycaemia (SGA and LGA).  Both studies demonstrated a significant 

reduction in the subsequent incidence of neonatal hypoglycaemia in the babies who received formula plus 

powdered sugar (Singhal et al., 1992; Singhal et al., 1991). 

1.8.8.2.3 Glucose water 

The use of 5% glucose water as a neonatal feed has previously been accepted practice in the first few days 

following birth.  Prevention of neonatal hypoglycaemia was considered to be one of the indications for its use 

(Shrago, 1987).  In a 1997 study of healthy term babies, the babies who received 5% glucose water for 

perceived hunger following a breast feed had higher blood glucose concentrations but an earlier introduction 

of formula milk than those who did not receive dextrose water.  The authors noted that the greatest difference 

in blood glucose concentrations between the two groups occurred in the first 24 hours following birth, and 

suggested that glucose water might be of benefit as a prophylactic measure for prevention of neonatal 

hypoglycaemia during this time (Martin-Calama et al., 1997).  However, glucose water feeds currently are not 
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common practice, due to a lack of robust evidence of benefit in combination with the potential detrimental 

effects of feed supplements on duration of breastfeeding. 

1.8.9 Treatment of neonatal hypoglycaemia 

The aim of treatment of hypoglycaemia is to prevent further hypoglycaemia and maintain adequate glucose 

supply for cerebral function in order to prevent neurodevelopmental impairment.  Initiation of treatment of 

neonatal hypoglycaemia is dependent upon the threshold selected for intervention.  As discussed previously, 

thresholds for intervention differ for postnatal age, perceived aetiology and whether clinical signs of 

hypoglycaemia are present of not.  Not all treatment modalities will be available in all settings - resource poor 

settings will have restricted availability of both NICU and medications for treatment of hypoglycaemia 

(Ganeshalingam & O'Connor, 2009). 

1.8.9.1 Nutritional 

Initial treatment of neonatal hypoglycaemia in the ‘asymptomatic’ baby is commonly to ensure adequate feed 

volumes are given and appropriate interval monitoring of blood glucose concentration is undertaken.  Medical 

prescription of formula milk as a complementary or supplementary feed for breastfeeding babies is often 

made to ensure that they are receiving adequate volumes of milk to maintain energy requirements.  For many 

babies this will be adequate.  However, as discussed previously, supplementing or complementing 

breastfeeding with other feeds/oral fluids may have a detrimental impact on successful breastfeeding long-

term (Becker et al., 2011; Blomquist et al., 1994; Chantry et al., 2014). 

1.8.9.2 Medication 

1.8.9.2.1 Dextrose gel 

Oral simple carbohydrates are recommended for treatment of hypoglycaemia in conscious diabetic adults and 

children (American Diabetes Association, 2013; Clarke, Jones, Rewers, Dunger, & Klingensmith, 2009).  

Historically concerns were raised regarding the effectiveness of oral glucose gels (Gunning & Garber, 1978).  

However, these were corn syrup rather than dextrose gels.  Harris recently demonstrated that oral dextrose 
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gel is effective in treating neonatal hypoglycaemia.  It was more effective than feeding alone, reduced the use 

of expressed and formula milk, improved breast-feeding rates at 2 weeks of age and reduced the need for 

intravenous infusion of dextrose (Harris et al., 2013).  Furthermore, neonatal hypoglycaemia when treated 

with dextrose gel to maintain blood glucose ≥ 2.6 mM was not associated with adverse neurodevelopmental 

outcome at age 2 years (Harris et al., 2016). 

Furthermore, implementation of treatment dextrose gel into standard clinical management in one hospital 

reduced admission to NICU for hypoglycaemia in at risk neonates from 11% before treatment gel introduction 

to 3% after (Bennett, Fagan, Chaharbakhshi, Zamfirova, & Flicker, 2016).  A second implementation project 

had a similar reduction in NICU admission, and also reported reduced rate of formula use during admission 

from 96% to 52% and increased breastfeeding at 3 months from 29% to 63% (Stewart, Sage, & Reynolds, 

2015). 

1.8.9.2.2 Intravenous Dextrose 

Intravenous dextrose is necessary when nutritional and dextrose gel (when used) interventions fail to correct 

neonatal hypoglycaemia.  Intravenous access is established and a minibolus administered to correct 

hypoglycaemia to a blood glucose concentration of > 2.6 mM (Lilien, Pildes, Srinivasan, Voora, & Yeh, 1980).  

Maintenance infusion of intravenous dextrose is administered at a rate that maintains normoglycaemia and 

enteral feeding is usually continued unless contraindicated e.g. concurrent respiratory distress (Lilien, 

Grajwer, & Pildes, 1977).  Higher concentrations of dextrose than 10% may be required in order to achieve 

rates of glucose delivery over 10 mg/kg/min without causing fluid overload.  Concentrations of dextrose over 

12.5% often require central venous access to prevent vascular irritation secondary to hypertonicity and arterial 

access may be required due to the frequency of blood glucose concentration sampling.  Care is needed to 

ensure that the glucose delivery is not excessive as this can increase the stimulus for insulin production 

causing delay in resolution of transient hypoglycaemia.  If the rate of glucose delivery required for 

normoglycaemia remains over 8 mg/kg/min and/or hypoglycaemia persists, a diagnosis other than transient 

hypoglycaemia must be considered and additional medications considered. 
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1.8.9.2.3 Diazoxide 

Diazoxide is a benzothiazine derivative that inhibits insulin secretion by maintaining the β-cell KATP channel in 

an open state.  It has the benefit of being an enterally absorbed therapy but is rarely used as a first-line 

therapy due to its side effects, which include hirsuitism and fluid retention secondary to sodium retention 

(Sweet, Grayson, & Polak, 2013).  In severe cases, fluid retention may lead to congestive heart failure and 

respiratory failure (Silvani, Camporesi, Mandelli, Wolfler, & Salvo, 2004).  Diazoxide is most commonly used 

in treatment of confirmed hyperinsulinaemic hypoglycaemia (Hoe et al., 2006).  An initial course of 5 days is 

trialled, with continued use dependent upon demonstrated response (Arnoux et al., 2010).  Treatment failure 

is common in those patients with KATP channel gene mutations (de Lonlay et al., 2002). 

1.8.9.2.4 Glucagon 

Glucagon induces glycogenolysis and is administered parenterally as either a bolus injection or continuous 

intravenous infusion or as an intramuscular injection.  Glucagon is commonly used as adjunct therapy in 

babies requiring high volumes of intravenous dextrose, in order to minimise the risk of fluid overload by 

stimulating release of glucose from intrinsic stores (Charsha, McKinley, & Whitfield, 2003).  It may also reduce 

the potential for ‘rebound hypoglycaemia’ in response to boluses of dextrose (Mehta et al., 1987).  

Intramuscular glucagon can be used in cases of difficult intravenous access as an interim measure until 

access is obtained.  It is less effective in babies with hyperinsulinaemia (Sweet et al., 2013), and increased 

doses may be required (McGowan, 2012). 

Glucagon has been demonstrated to increase gluconeogenesis in preterm and IUGR babies even after 

glycogen stores are likely to have been exhausted (Hawdon, Aynsley-Green, & Ward Platt, 1993; Miralles, 

Lodha, Perlman, & Moore, 2002).  This gluconeogenesis is hypothesised to occur due to induction of 

phosphoenolpyruvate carboxylase, a key enzyme in gluconeogenesis (Hawdon, Aynsley-Green, & Ward Platt, 

1993). 
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1.8.9.2.5 Glucocorticoids 

Glucocorticoids reduce insulin secretion and increase insulin resistance.  They also increase gluconeogenesis 

and glycogenolysis.  The combination of these effects will increase blood glucose concentration (Sweet et al., 

2013).  Either hydrocortisone or dexamethasone may be used, most commonly as an adjunct to other 

therapies.  Side effects of steroids include increased blood pressure, growth suppression, intestinal 

perforation and depending upon postnatal age, increased risk of adverse neurodevelopmental outcome in 

preterm babies (Doyle, Ehrenkranz, & Halliday, 2014). 

1.8.9.2.6 Calcium channel blockers: Nifedipine 

Calcium channel blockers decrease insulin secretion by preventing the increase in intracellular calcium which 

leads to insulin secretion by the pancreatic β-cells.  They are therefore of potential benefit in management of 

hyperinsulinism as they do not act via the KATP channel.  However, their use in babies is limited and reports 

are conflicting as to their success in reducing episodes of hypoglycaemia.  In addition, their side effects limit 

their use this population (Sweet et al., 2013). 

1.8.10 Persistent hypoglycaemia 

Alternative diagnoses to transient hypoglycaemia should be considered in babies who remain hypoglycaemic 

despite standard initial treatment.  The most recent advice from the Pediatric Endocrine Society (USA) is to 

begin evaluation for persistent hypoglycaemia at 48 hours of age, beyond the period of ‘transitional’ 

hypoglycaemia (Stanley et al., 2015).  An infusion rate of glucose of more than 8 mg/kg/min is highly 

suggestive of hypoglycaemia secondary to hyperinsulinism.  (Hoe et al., 2006).  Persistent hypoglycaemia 

may occur as a feature of congenital syndromes such as Beckwith-Wiedemann (DeBaun, King, & White, 

2000) and congenital hypopituitarism e.g. Septo-optic dysplasia (Devaskar & Garg, 2015). 

1.8.10.1 Congenital Hyperinsulinism 

The diagnosis of congenital hyperinsulinism is based on recurrent non-ketotic hypoglycaemia (blood glucose 

concentration of < 3 mM) in association with a concurrent inappropriately raised plasma insulin concentration 
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(Le Quan Sang et al., 2012).  Over 50% of cases of congenital hyperinsulinism can be attributed to a genetic 

malformation (Neylon, Moran, Pellicano, Nightingale, & O'Connell, 2013) and congenital hyperinsulinism may 

be inherited in an autosomal recessive manner.   

The neonatal hypoglycaemia caused by hyperinsulinism may be severe and is usually recurrent and 

commonly unresponsive to standard first line medical therapy, requiring surgical intervention.  Cases of focal 

adenomatosis are managed by surgical resection of affected areas of pancreatic tissue.  However, in the 

remaining 50% of cases of hyperinsulinism the β-cells are more diffusely affected necessitating more 

extensive sub-total or near-total pancreatectomy.  Near-total pancreatectomy causes post-operative recurrent 

hyperglycaemia in 60% of patients and ultimately all will develop insulin dependent diabetes in the years 

following surgery (Cherian & Abduljabbar, 2005; Leibowitz et al., 1995).  Current research is therefore aimed 

at finding a long-term medical therapy that may allow spontaneous resolution in some patients thus avoiding 

unnecessary surgery.  This spontaneous resolution is thought to be due to β-cell apoptosis (Kumaran, 

Kapoor, Flanagan, Ellard, & Hussain, 2010). 

1.8.10.1.1 Treatment of Congenital Hyperinsulinism 

First line treatment is normally with diazoxide, for those unresponsive to diazoxide, second line therapy is 

most commonly with somatostatin (octreotide) or glucagon as a temporary measure whilst awaiting surgery 

(De Leon & Stanley, 2007).  Somatostatin is produced by the pancreatic δ cells and gastrointestinal 

neuroendocrine cells.  One of its actions is to inhibit insulin secretion through activation of G-protein coupled 

K
+
 channels (McGowan, 2012).  Somatostatin has a short half-life (100 minutes) and therefore when must be 

given by continuous intravenous infusion.   

Octreotide is a long acting somatostatin analogue that may be of benefit particularly in cases of congenital 

hyperinsulinaemia unresponsive to alternative medical management such as diazoxide (Thornton, Alter, Katz, 

Baker, & Stanley, 1993; Yorifuji et al., 2013).  Octreotide can be given as a continuous infusion or intermittent 

(6 to 12 hourly) subcutaneous or intravenous injections (Sweet et al., 2013).  Longer acting intra-muscular 

octreotide preparations are currently being investigated (Le Quan Sang et al., 2012).  Octreotide allows 

increased interval until surgical intervention is required in those babies with congenital hyperinsulinism, but 
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does not avoid the need for surgical management completely in all patients (Glaser, Hirsch, & Landau, 1993; 

Thornton et al., 1993). 

Somatostatin/octreotide use is associated a number of potential complications.  Octreotide may cause a 

transient decrease in growth, which appears to be dose related (Yorifuji et al., 2013).  It is hypothesised that 

this decreased growth may be due in some cases to removal of the effect of intrauterine hyperinsulinism and 

a correction back to the genetically expected growth (Thornton et al., 1993).  A transient reduction in growth 

hormone concentration in the first 2 hours following administration has also been demonstrated (DeClue, 

Malone, & Bercu, 1990).  The reduced splanchnic blood flow associated with somatostatin/octreotide use may 

increase the risk of necrotising enterocolitis (Laje, Halaby, Adzick, & Stanley, 2010), which would otherwise be 

extremely rare in mature babies.  There are a small number of case reports of octreotide associated hepatitis 

(Avatapalle, Padidela, Randell, & Banerjee, 2012; Ben-Ari, Greenberg, Nemet, Edelstein, & Eliakim, 2013; 

Koren, Riskin, Barthlen, & Gillis, 2013). 

1.8.11 Inborn errors of metabolism 

Although screening for inborn errors of metabolism using tandem mass spectrometry is now common, some 

babies with inborn errors of metabolism may present with clinical signs before the results of screening are 

available (Adamkin, 2015).  More commonly these disorders present beyond the neonatal period, when 

fasting between feeds is for more than 3 to 4 hours and the affected neonate is unable to generate energy to 

sustain metabolism for long durations.  

Although rare, neonatal hypoglycaemia may be the initial presenting feature in disorders of fatty oxidation, 

gluconeogenesis, glycogen storage, ketogenesis and organic acidaemias (Zinn, 2015).  When investigating 

for inborn error of metabolism as the potential cause of neonatal hypoglycaemia, first line investigations 

should include ketones (i.e. β-hydroxybutyrate and acetoacetate).  This is because the normal response to 

hypoglycaemia should be an increase in lipolysis, fatty acid oxidation and ketosis.  However, in fatty acid β-

oxidation and ketogenesis disorders there will be no associated ketosis (Zinn, 2015). 

Interestingly, although galactosemia (a carbohydrate metabolism defect) may present with hypoglycaemia, the 

increased galactose concentrations may also be mistaken for glucose when point-of-care testing using the 
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glucose dehydrogenase pyrroloquinoline quinone (GDH-PQQ)-based glucose analysis method is used, 

leading to an apparent presentation with hyperglycaemia (Pillay & Turzyniecka, 2013). 

1.9 Summary 

Neonatal hypoglycaemia is common.  Although babies at highest risk of hypoglycaemia are easily identified, 

the definition of neonatal hypoglycaemia and thresholds for intervention are less uniformly agreed.  There are 

potential serious short and long-term consequences of neonatal hypoglycaemia, yet few interventions for 

prevention, and current potential interventions may negatively affect establishment of breast-feeding. 
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2 Overview  

2.1 Summary of chapter contents 

This thesis reports the results of both human and experimental animal studies addressing the prevention of 

neonatal hypoglycaemia.  This chapter begins with a summary of the background to the development of the 

hypoglycaemia Prevention with Oral Dextrose (hPOD) trial, followed by an overview of how the trial developed 

into a dosage (pre-hPOD) trial, main-hPOD trial and follow-up study.  A brief description is then provided of 

the remaining thesis chapters. 

2.2 Background 

2.2.1 Significance of the project 

Neonatal hypoglycaemia is common in the first few days after birth.  Up to 15% of normal newborn babies will 

have low blood glucose concentrations (Hay et al., 2009).  However, the incidence in babies who have risk 

factors is much greater: up to 50% in infants of diabetic mothers (Maayan-Metzger et al., 2009), large and 

small babies (Harris et al., 2012) and 66% in preterm babies (Lucas et al., 1988).  

Glucose is the primary energy source for the brain, and neonatal hypoglycaemia is associated with brain 

damage and death (Burns et al., 2008; Duvanel et al., 1999; Lucas et al., 1988).  Babies born at risk for 

neonatal hypoglycaemia have an increased risk of developmental delay in later life (Leitner et al., 2007; 

Silverman et al., 1991; Stenninger et al., 1998; Woythaler, McCormick, & Smith, 2011).  Indeed, it has been 

reported that neonatal hypoglycaemia is the only neonatal morbidity independently associated with later 

developmental delay in late preterm babies (Kerstjens et al., 2012).  While it is uncertain what degree or 

duration of hypoglycaemia is necessary before morbidity occurs, it is known that even babies without 

symptoms can have adverse outcomes (Duvanel et al., 1999; Lucas et al., 1988).  Thus hypoglycaemia is 

common and the only readily preventable cause of brain damage in the newborn. 



 

57 

2.2.2 Standard management 

Blood glucose concentrations normally fall in the first 1 to 2 hours after birth, and then begin to rise again as 

babies mobilise their body stores of fat and glycogen and begin to feed.  In some babies, this physiological fall 

in blood glucose concentration may persist and, if untreated, potentially may cause permanent brain damage.  

Since hypoglycaemia is often asymptomatic, the recommended approach is to monitor blood glucose 

concentrations in all babies at risk, usually by repeated heel-prick blood samples, commonly 4 hourly, in the 

first 1 to 2 days (Adamkin, 2011; Canadian Pediatric Society Fetal and Newborn Committee, 2004).  This is 

painful for the baby and distressing for all concerned.  

It is generally accepted that blood glucose concentrations < 2.6 mM require treatment (Cornblath & Ichord, 

2000; Koh, Aynsley-Green, et al., 1988; Lucas et al., 1988).  Standard management of babies in whom low 

glucose concentrations are detected is to minimise the duration of hypoglycaemia and ensure the glucose is 

‘normalised’ as quickly as possible (Duvanel et al., 1999; Rozance & Hay, 2006).  This commonly requires 

admission to Neonatal Intensive Care Unit (NICU) for intravenous glucose, separating mother and baby and 

delaying the establishment of breastfeeding as well as incurring high healthcare costs.  

The American Academy of Pediatrics advises early identification of the at-risk baby and institution of 

prophylactic measures to prevent neonatal hypoglycaemia (Adamkin, 2011).  This is commonly achieved by 

early feeding, often with supplemental formula milk (Adamkin, 2011; Harris, Weston, et al., 2009).  However, 

supplementing with formula milk has been shown to reduce longer-term breastfeeding rates (Blomquist et al., 

1994).  Furthermore, there are both human and experimental data indicating that supplementation of 

newborns in the first two weeks may have long-term effects on metabolic outcomes.  Even brief periods of 

nutritional supplementation in preterm babies result in altered control of blood pressure and insulin regulation 

in adolescence (Singhal, Cole, & Lucas, 2001; Singhal et al., 2002).  Thus, interventions that prevent 

hypoglycaemia without supplemental, artificial feeds may help maintain breastfeeding and also have benefits 

for both neurodevelopmental and metabolic outcomes. 

Harris et al. demonstrated that treatment of neonatal hypoglycaemia with oral dextrose gel was more effective 

than feeding alone in reversing the hypoglycaemia, and also reduced the rate of NICU admission for this 

problem and reduced the rate of formula feeding at two weeks of age (Harris et al., 2013).  Importantly, the gel 

was well-tolerated, cheap, simple and safe to administer, and was acceptable to families and caregivers.  



 

58 

We therefore wished to undertake a randomised controlled trial to determine if prophylactic oral dextrose gel 

given to newborns at risk prevents neonatal hypoglycaemia and thus reduces NICU admission, improves 

breastfeeding rates and reduces costs as well as potentially reducing the risk of later adverse outcomes. 

2.3 Overview of Studies 

Firstly, we needed to determine the most effective dose to prevent neonatal hypoglycaemia.  We initially 

considered a trial comparing the single effective dose used for treatment of neonatal hypoglycaemia (200 

mg/kg) to a single equal volume of placebo.  However, we realised if we tested only a one dose regime we 

risked undertaking a trial that tested an inadequate dose and the trial would potentially add little to our current 

knowledge.   

Prior to this work, there were no data to inform the optimal dose of oral dextrose gel to prevent neonatal 

hypoglycaemia.  A dose of 200 mg/kg glucose is the standard treatment dose of intravenous glucose 

administered as a ‘mini bolus’ to babies with hypoglycaemia (Lilien et al., 1980) and is also the dose 

demonstrated to be effective in treatment of neonatal hypoglycaemia with dextrose gel (Harris et al., 2013).  

However, we considered that a single dose of 200 mg/kg glucose might not be adequate for prevention of 

hypoglycaemia, as babies at risk may have a prolonged nadir in blood glucose after birth (Srinivasan et al., 

1986; Stenninger, Schollin, & Aman, 1991, 1997), and higher plasma insulin concentrations and lower rates of 

hepatic glucose production in the first hours after birth than those not at risk (Sunehag et al., 1997). 

Breast milk alone makes little contribution to total glucose requirements over the first few days following birth, 

as volumes are initially small; as little as 13 ml/kg/day or 0.65 mg/kg/min glucose on day one and 40 

ml/kg/day or 2 mg/kg/min of glucose on day two (Dollberg et al., 2001).  The normal glucose requirement of 

newborn babies is considered to be 4 to 6 mg/kg/min (Singhal et al., 2002) but may be much higher in at-risk 

babies.  Therefore, a dose of 200 mg/kg of dextrose gel given prophylactically might be expected to last for 40 

minutes assuming a glucose utilisation rate of 5 mg/kg/min.  For some babies this may be adequate, but for 

some babies at risk of neonatal hypoglycaemia with higher glucose utilisation rates, the dose may need to be 

higher.  We estimated that a 400 mg/kg prophylactic dose of oral dextrose may last for up to 50 to 100 

minutes (assuming a glucose utilisation rate of 4 to 10 mg/kg/min), and that following this with 200 mg/kg 

doses before the next three feeds might potentially provide enough glucose to prevent hypoglycaemia during 
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the transitional phase to normal physiological glucose production.  However, these additional doses would 

mean additional interventions that may or may not be needed.   

Therefore, we developed an eight-armed dosage trial, the pre-hypoglycaemia Prevention with Oral Dextrose 

(pre-hPOD) trial, to test the hypothesis that in newborn babies at risk of hypoglycaemia a 400 mg/kg 

prophylactic dose of oral dextrose at one hour of age followed by 200 mg/kg doses prior to the next three 

feeds, will be more effective than a 200 mg/kg initial dose or pre-feed placebo doses in preventing 

hypoglycaemia.  The primary objective of this trial was to determine the most effective dose of dextrose gel 

that prevented neonatal hypoglycaemia.  This thesis includes the results of the pre-hPOD trial (Chapter 3) and 

preliminary findings from the subgroup of babies recruited to the pre-hPOD trial who underwent continuous 

glucose monitoring (Chapter 4).  For both the studies in chapters 3 and 4, I contributed to the development of 

the study design from the initial concept of investigating the effect of dextrose gel on preventing neonatal 

hypoglycaemia as a comparison of single dose of dextrose compared to placebo, through to the final design 

of 4 dose regimes.  I wrote the study protocol (methods of chapter 3, published as the trial protocol) and the 

ethics application with contributions from co-authors.  I wrote the case record forms and assisted with the 

development of the trial randomisation website.  I developed the standard operating procedures and taught all 

research nurses/midwives and clinical staff how to undertake the trial procedures.  I undertook a large part of 

the recruitment, trial interventions and data collection.  I was a member of the trial Steering Committee and 

the Site Investigator for Auckland City Hospital.  I contributed to the data analysis and led the interpretation.  I 

wrote the first draft and co-ordinated subsequent revisions of the published report of the trial (chapter 3) as 

well as chapter 4.    

Secondly, we needed to know if preventing neonatal hypoglycaemia was clinically relevant.  We decided that 

minimising separation of mother and baby, improving breastfeeding and reducing healthcare costs were all 

clinically important outcomes that would be affected by admission to NICU.  We therefore designed the main-

hypoglycaemia Prevention with Oral Dextrose (main-hPOD) trial to determine if the most effective dose of 

dextrose gel, as determined from the pre-hPOD dosage trial, reduces admission to NICU.  This thesis 

includes the published protocol for the main-hPOD trial, which is still recruiting (Chapter 5).  I wrote all drafts 

of the study protocol.  I remain involved in the main-hPOD trial as a member of the Steering and Management 

Committees and continue to participate in recruitment of babies. 
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Finally, before introducing a new clinical intervention we needed to know whether prevention of neonatal 

hypoglycaemia had long-term benefits and ensure that there were no long-term adverse effects.  Therefore, 

we have commenced assessment of the neurodevelopment, physical heath and body composition at age 2 

years of the children who participated in the hPOD trial – the hypoglycaemia Prevention with Oral Dextrose - 

Follow-Up at age 2 Years (hPOD-FU@2Y).  This thesis contains a summary of the first 100 children assessed 

at age 2 years (Chapter 6).  I wrote the protocol and standard operating procedures for the follow-up of 

children at 2 years of age, with input from co-authors.  I undertook a proportion of the neurodevelopment, 

physical heath and body composition assessments of the first 100 children.  I am a member of the Steering 

Committee for the Follow-up Study.   

2.4 Cochrane review 

Before the hPOD trial there was no information to inform the use of dextrose gel for prevention of neonatal 

hypoglycaemia.  Recognising the need for a more structured approach to evaluation of information to inform 

clinical management, we undertook a Cochrane systematic review of oral dextrose for prevention of neonatal 

hypoglycaemia (Chapter 7).  I undertook the literature review, data search, analysis and interpretation and 

wrote all drafts of the manuscript for the protocol with input from co-authors.   

2.5 Lamb gel trial 

We had previously observed that early feeding of expressed colostrum to preterm or small lambs appeared to 

increase vigour, udder seeking and successful spontaneous feeding (Jaquiery, unpublished).  Based on the 

clinical data, we hypothesised that dextrose gel might be effective in preventing hypoglycaemia in newborn 

lambs and increase survival in less vigorous lambs.  Therefore, we developed the lamb gel trial to investigate 

the effect of dextrose gel on survival of triplet lambs with low vigour (Chapter 8).  I contributed to the trial 

design, protocol and animal ethics application for the lamb trial.  I undertook the majority of the trial monitoring 

and interventions and trained the people assisting in observation.  I undertook all analysis and interpretation of 

data, with assistance from co-authors.  I wrote all drafts of the manuscript with contributions from co-authors. 
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3.1 Abstract 

Background: Neonatal hypoglycaemia is common, affecting up to 15% of newborns, and can cause brain 

damage.  Currently there are no strategies, beyond early feeding, to prevent neonatal hypoglycaemia.  Our 

aim was to determine a dose of 40% oral dextrose gel that will prevent neonatal hypoglycaemia in newborn 

babies at risk. 

Methods and findings: We conducted a randomised, double-blind, placebo-controlled dose-finding trial of 

buccal dextrose gel to prevent neonatal hypoglycaemia at two hospitals in New Zealand.  Babies at risk of 

hypoglycaemia (infant of diabetic (IDM), late preterm, small, large or other) but without indication for 

admission to neonatal intensive care (NICU) were randomly allocated to 40% dextrose or placebo gel 

massaged into the buccal mucosa, either once at 1 h of age (0.5 ml/kg = 200 mg/kg or 1 ml/kg) or an 

additional 0.5 ml/kg 3 times before feeds in the first 12 h.  The primary outcome was hypoglycaemia (< 2.6 

mM) in the first 48 h.  Secondary outcomes included admission to NICU, admission for hypoglycaemia, 

breastfeeding at discharge and at 6 weeks. 

From August 2013 to November 2014, 416 babies were randomised.  Babies who received any dose of 

dextrose gel were less likely to develop hypoglycaemia than those who received placebo (RR 0.79; 95% CI 

0.64-0.90, P = 0.03; number needed to treat = 10, 95% CI 5-115).  Rates of NICU admission were similar (RR 

0.64; 0.33-1.25, P = 0.19), but admission for hypoglycaemia was less common in babies randomised to 

dextrose gel (RR 0.46; 0.21-1.01, P = 0.05).  Rates of breastfeeding were similar in both groups.  The risk of 

hypoglycaemia was lowest in babies randomised to a single dose of 200 mg/kg dextrose gel (RR 0.68; 0.47-

0.99, P=0.04) but was not significantly different between dose groups (P = 0.21).  Compared to multiple 

doses, single doses of gel were better tolerated, quicker to administer, and less messy, but these limitations 

were not different between dextrose and placebo gel groups.  Adverse effects were uncommon and not 

different between groups.  

Conclusions:  The incidence of neonatal hypoglycaemia can be reduced with a single dose of buccal 40% 

dextrose gel 200 mg/kg.  A large randomised trial (hPOD) is under way to determine effects on NICU 

admission and later outcomes. 

Trial registration number: ACTRN12613000322730 
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3.2 Introduction 

Approximately 30% of newborn babies require multiple blood tests for screening for neonatal hypoglycaemia 

under current guidelines.  Half of these will develop hypoglycaemia (Harris et al., 2012) and an unknown 

proportion will experience brain damage and developmental delay as a result.  Despite recommendations in 

clinical guidelines that prophylactic measures should be taken in babies at risk of neonatal hypoglycaemia 

(Adamkin, 2011; Canadian Pediatric Society Fetal and Newborn Committee, 2004; New Zealand Ministry of 

Health, 2014), currently there are no strategies beyond early feeding for prevention (Chertok et al., 2009).  

Dextrose gel has been shown to be effective in treating neonatal hypoglycaemia, without detrimental effect on 

breastfeeding (Harris et al., 2013).  We therefore considered that it might also be effective as prophylaxis 

against neonatal hypoglycaemia.  However, we first needed to determine an effective dose of dextrose gel to 

prevent neonatal hypoglycaemia.   

A dose of 200 mg/kg glucose is the standard treatment dose of intravenous glucose administered as a ‘mini 

bolus’ to babies with hypoglycaemia (Lilien et al., 1980)  and is also the dose demonstrated to be effective in 

treatment of neonatal hypoglycaemia with dextrose gel (Harris et al., 2013).  However, we considered that a 

single dose of 200 mg/kg glucose might not be adequate for prevention of hypoglycaemia, as babies at risk 

may have a prolonged nadir in blood glucose after birth (Srinivasan et al., 1986; Stenninger et al., 1991, 

1997),  and higher plasma insulin concentrations and lower rates of hepatic glucose production in the first 

hours after birth than those not at risk (Sunehag et al., 1997).  We therefore also investigated both a higher 

single dose (400mg/kg) and repeated doses in the first 12 hours.  Babies were randomised to the resulting 

eight dosage groups.  The primary outcome was neonatal hypoglycaemia in the first 48 hours. 

3.3 Aim 

To determine a dose of 40% oral dextrose gel that will prevent neonatal hypoglycaemia in newborn babies at 

risk. 
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3.4 Methods 

3.4.1 Trial design  

We undertook this randomised, double-blind, placebo-controlled trial at two hospitals providing maternity and 

neonatal services (Auckland City Hospital and Waitakere Hospital) in Auckland, New Zealand.  Eligible babies 

were infants of diabetics (any type of diabetes), late preterm (35 or 36 weeks’ gestation), small (birthweight < 

10th centile on population or customised birthweight charts or < 2.5kg) or large (birthweight > 90th centile on 

population or customised birthweight charts or > 4.5kg) or with other risk factors (e.g. maternal medication 

such as β-blockers).  Babies also satisfied all of the following inclusion criteria at the time of randomisation; ≥ 

35 weeks’ gestation, birthweight ≥ 2.2 kg, < 1 hour old, no apparent indication for admission to Neonatal 

Intensive Care Unit (NICU) (this included Special Care Baby Unit), unlikely to require admission to NICU for 

any other reasons, and mother intending to breast-feed.  Exclusion criteria were major congenital abnormality, 

previous formula feed or intravenous fluids given, previous diagnosis of hypoglycaemia, admitted to NICU or 

imminent admission to NICU.  Mothers of babies who were likely to become eligible (maternal diabetes, likely 

late preterm birth, or anticipated high or low birth weight) were identified through lead maternity carers and 

antenatal clinics and provided with an information sheet before the birth.  Written informed consent was 

obtained before the birth by a member of the research team, and confirmed verbally after the birth.  

The trial was approved by the Northern A Health and Disability Ethics Committee of New Zealand (13/NTA/8) 

and prospectively registered with the Australian New Zealand Clinical Trials Registry, number 

ACTRN12613000322730.  The study protocol is available online at http://hdl.handle.net/2292/25006. 

3.4.2 Randomisation   

Eligible babies for whom consent had been obtained were randomised within the first hour after birth.  We 

used computer-generated blocked randomisation with variable block sizes to assign babies to one of eight 

treatment arms.  Allocation was to either 40% dextrose or placebo gel and to one of the following dose 

regimens:   0.5 ml/kg (200 mg/kg) once,  1 ml/kg (400 mg/kg) once,  0.5 ml/kg for 4 doses  (total 800 mg/kg), 

1 ml/kg once followed by 0.5 ml/kg for a further 3 doses (total 1000 mg/kg) (Figure 3.1).  The allocation ratios 

were dextrose:placebo 2:1, with the intention that the placebo arms would be combined for analysis, 

http://hdl.handle.net/2292/25006
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single:multiple dose 1:1, and low:high dose 1:1.  Randomisation was stratified by centre and then by 

prioritised allocation to primary risk factor i.e. if more than one risk factor was present, primary risk factor was 

allocated in the order of maternal diabetes, preterm, small, large, other.  For example, a baby who was both 

preterm and whose mother had diabetes was allocated the primary risk factor of maternal diabetes.  We 

assigned twins independently.  Research staff entered demographic and entry criteria data into an online 

randomisation website that provided a number corresponding to a numbered trial pack which contained either 

a single 5 ml pre-filled syringe of either 40% dextrose gel or an identical appearing placebo (2% 

hydroxymethylcellulose), or four numbered syringes of gel (1 x 5 ml and 3 x 2.5 ml, all containing either 

dextrose or placebo gel).  Clinicians, families and all study investigators were masked to treatment group 

allocation throughout the study and remain so for the planned follow-up. 
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Figure 3.1  CONSORT diagram for pre-hPOD trial 
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3.4.3 Interventions 

Study gel was massaged into the buccal mucosa, either once at 1 hour of age (0.5 ml/kg or 1 ml/kg) or an 

additional 3 times (0.5 ml/kg) before feeds in the first 12 hours, with gel given no more frequently than 3 

hourly.  Each dose of gel was followed by a breastfeed.  Feeding was according to standard hospital 

guidelines, which included breastfeeding within 1 hour after birth and then on demand not less than 3 to 4 

hourly.  Supplemental formula was not given routinely, but could be given on parent or clinician decision.  

We measured blood glucose concentrations first at 2 hours after birth.  Subsequent blood glucose 

measurement was according to local hospital protocol, with pre-feed blood glucose measurements 2 to 4 

hourly for at least the first 12 hours,  and until there were three consecutive blood glucose concentrations of   

≥ 2.6 mM.  Babies who developed hypoglycaemia were managed by the hospital clinical team according to 

the standard clinical practice at each site, including supplementation with formula, treatment with 40% 

dextrose gel and admission to NICU for intravenous dextrose if required. 

All blood glucose concentrations were analysed by the glucose oxidase method, either with a portable blood 

glucose analyser (i-STAT
®
, Abbott Laboratories, Abbott Park, Illinois, USA) or a combined metabolite/blood 

gas analyser (e.g. ABL 700, Radiometer Ltd, Copenhagen, Denmark).  

Babies whose parent(s) gave consent had a continuous glucose monitor sensor (iPRO2
®
, Medtronic, MiniMed, 

Northridge, California, USA) inserted subcutaneously into the lateral aspect of the thigh as soon as possible 

after birth.  Interstitial glucose concentrations cannot be viewed on this monitor in real time and therefore were 

not available to clinicians and had no influence upon clinical management.  The sensors remained in situ for 

at least 48 hours.  These data (n = 137) will be reported separately. 

Parents were contacted at three days and six weeks after birth to determine feeding method, and were asked 

about any health events since discharge and parental perceived treatment allocation on the second occasion. 
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3.4.4 Outcomes 

The primary outcome was hypoglycaemia, defined as any blood glucose concentration < 2.6 mM in the first 48 

hours after birth.  Secondary outcomes were admission to NICU (defined as admission for > 4hours); 

admission to NICU for hypoglycaemia; hyperglycaemia (blood glucose concentration > 10 mM); breastfeeding 

at discharge from hospital (full or exclusive); received any formula prior to discharge from hospital; formula 

feeding at 6 weeks of age; cost of care until discharge home (to be reported separately) and maternal 

satisfaction at 6 weeks.  An independent data monitoring committee undertook interim analyses after 120, 240 

and 360 babies had been randomised and recommended that recruitment continue.  The safety monitoring 

committee received reports of serious adverse events (seizures and death) and other adverse events; 

hyperglycaemia, late hypoglycaemia (blood glucose concentration < 2.6 mM for the first time after 12 hours of 

age), delayed feeding (failure to establish breastfeeding without supplements by the end of day three) and 

systemic sepsis (Australian and New Zealand Neonatal Network, 2015). 

Limitations of the trial intervention were defined as: tolerance of gel (small spill (few drops), moderate spill 

(half of volume administered), large spill (all of volume administered)) assessed by the clinician at time of 

administration; length of time to administer dose (time to massage gel into baby’s buccal mucosa); messiness 

(parental report); hyperglycaemia; late hypoglycaemia; delayed feeding; and acceptability of trial intervention 

to parent(s) (acceptable, some inconvenience, major inconvenience, unacceptable). 

3.4.5 Statistical analysis  

3.4.5.1 Power and sample size 

Based on our previous studies (Harris et al., 2012) we estimated that 50% of eligible babies would experience 

hypoglycaemia.  We designed the trial to have 80% power to detect a 25% absolute reduction (relative 

reduction of 50%) in the incidence of neonatal hypoglycaemia from 50% to 25% (2-sided, alpha = 0.05).  Four 

placebo groups were required to mask the difference in gel volume between the lower and higher initial doses 

of gel.  However, we anticipated combining the two single dose placebo groups for analysis, and the same for 

the two multiple dose placebo groups.  Therefore, we required half the number of babies in each of the four 
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placebo arms and allowed for a 5% drop out rate, giving a total sample size of 415 babies (66 in each 

treatment arm, 33 in each placebo arm). 

3.4.5.2 Selection of the optimal dose 

We anticipated that the selection of the optimal dose for prevention of hypoglycaemia would be based on a 

combination of the dose required for adequate efficacy with a minimal burden of side-effects (expected to be 

uncommon), together with pragmatic consideration of the ease of administration, simplicity, quantitative 

evaluation of weighted tolerance of the intervention scores (limitations) and cost. 

To visualise the association between dose and outcome, the cumulative administered dose for the single and 

multiple dose arms (i.e. 0, 200, 400, 800 and 1000 mg/kg) was plotted as the independent variable against 

reduction in the proportion of babies with at least one episode of hypoglycaemia, summarised as a 

percentage (± 95% confidence interval, binomial method), and plotted as the dependent variable. 

The response to single placebo and multiple placebo doses was compared and the placebo arms were pooled 

into a single ‘0’ mg/kg dose.  Logistic regression modelling was then used to estimate the odds of 

hypoglycaemia for each cumulative dose of glucose, adjusted for risk factors for hypoglycaemia (i.e. sex, 

gestational age and mode of delivery).  Inspection of this function was used to determine that dose(s) where 

the upper limit of the 95% confidence interval excluded a 50% reduction (the pre-specified efficacy endpoint) 

i.e. a difference in odds of at least one third.  Where indicated in table legends relative risks are also 

presented, calculated using a multivariable model adjusted for pre-specified risk factors for hypoglycaemia. 

We anticipated that these data might yield a number of ‘possible’ doses where either the 95% confidence 

interval for the odds of hypoglycaemia was significantly lower than the placebo dose (i.e. P odds of 

hypoglycaemia < 0.05).  Therefore we also undertook a complementary analysis of limitations at each dose 

level. 

The odds of at least one limitation for each cumulative dose arm relative to the placebo dose was estimated 

(with 95% confidence intervals) and plotted and the likelihood that this estimate differed from the placebo arm 

reported.  Additionally a limitation score, comprising the sum of weights assigned to the predetermined 

limitations (maximum score 18.5, see Table 3.4) was summarised for each cumulative dose arm (median ± 
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95% confidence interval, Mid-P method) and plotted.  We anticipated that about 5% of untreated babies might 

experience hyperglycaemia, 20% late hypoglycaemia and 25% delayed feeding.  We anticipated that seizures 

due to hypoglycaemia and infant death were extremely unlikely. 

Analysis was performed using SAS (v9.3 SAS Institute Inc.) on an intention-to-treat basis.  All tests were two 

tailed and P < 0.05 was considered statistically significant.  Since these were exploratory analyses no 

adjustment for multiplicity was performed.  Data are presented as number (%), median (range), mean 

difference (95% confidence intervals) and relative risk (95% confidence intervals) as appropriate. 

3.5 Results 

3.5.1 Baseline details 

A total of 416 babies were randomised between August 3, 2013 and November 13, 2014 (Figure 3.1). 

One baby was randomised in error following closure of the trial after randomisation of 415 babies and was 

excluded from the analysis.  All other babies were included in the intention-to-treat analysis. 

Demographic and baseline characteristics were similar for all randomisation groups (Table 3.1).  The median 

(range) birthweight was 3190 (2200, 5255) g and gestational age 38 (35, 42) weeks; 301/415 babies (73%) 

were infants of diabetics, and 199/415 (48%) were born by caesarean delivery.  Primary risk factors for 

hypoglycaemia were similar across all treatment groups.  A similar proportion of mothers in each group were 

uncertain as to the gel type baby received (163/257 (63%) in those randomised to dextrose gel vs 77/126 

(61%) in those randomised to placebo) or thought their baby had received dextrose gel (67/277 (24%) 

randomised to dextrose vs 34/126 (25%) randomised to placebo), demonstrating effective masking. 
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Table 3.1  Baseline characteristics of mothers and babies allocated to each dosage group. 

  Single Dose Multiple Dose   

  Placebo Dextrose 
0.5ml/kg 

Dextrose 
1ml/kg 

Placebo Dextrose 
0.5ml/kg x 4 

Dextrose         
1ml/kg x 1 

0.5ml/kg x 3 

Any dose 
of placebo 

gel 

Any dose 
of 

dextrose 
gel 

Mothers (n = 403*)                 

Number 70 66 71 68 68 70 138 275 

Maternal age (years) 33 (5) 33 (5) 33 (5) 32 (6) 32 (5) 32 (5) 32 (6) 32 (5) 

Parity 2 (1-8) 2 (0-7) 1 (1-5) 2 (0-5) 2 (1-10) 2 (1-8) 2 (0-8) 2 (0-10) 

Weight at booking (kg) 77 (23) 79 (23) 76 (23) 74 (21) 75 (24) 77 (26) 76 (22) 77 (24) 

Diabetic 51 (73) 49 (74) 51 (72) 49 (72) 51 (75) 50 (71) 100 (72) 201 (73) 

Type 1 Diabetes 5 (10) 3 (6) 2 (4) 2 (4) 3 (6) 3 (6) 7 (7) 11 (5) 

Type 2 Diabetes 4 (8) 3 (6) 7 (14) 3 (6) 4 (8) 4 (8) 7 (7) 18 (9) 

Gestational Diabetes 42 (82) 43 (88) 42 (82) 44 (90) 44 (86) 43 (86) 86 (86) 172 (86) 

Insulin therapy 37 (73) 33 (67) 37 (73) 36 (73) 40 (78) 31 (62) 73 (73) 141 (70) 

Pre-eclampsia 4 (6) 3 (5) 1 (1) 2 (3) 1 (1) 4 (6) 6 (4) 9 (3) 

Hypertension 3 (4) 6 (9) 8 (11) 7 (10) 4 (6) 14 (20) 10 (7) 32 (12) 

Prioritised Ethnicity                 

Māori 9 (13) 6 (9) 5 (7) 10 (15) 8 (12) 4 (6) 9 (14) 23 (8) 

Pacific 9 (13) 13 (20) 12 (17) 11 (16) 9 (13) 13 (19) 20 (14) 47 (17) 

Chinese 5 (7) 7 (11) 8 (11) 10 (15) 8 (12) 6 (9) 1 (11) 29 (11) 
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Indian 12 (17) 6 (9) 9 (13) 13 (19) 15 (22) 7 (10) 25 (18) 37 (13) 

Other 15 (21) 19 (29) 11 (15) 15 (22) 10 (15) 14 (20) 30 (22) 54 (20) 

NZ European 20 (29) 15 (23) 26 (37) 9 (13) 18 (26) 26 (37) 29 (21) 85 (31) 

Babies (n = 415)                 

Number 70 66 73 68 68 70 138 277 

Female 30 (43) 36 (55) 42 (58) 33 (49) 34 (50) 27 (39) 63 (46) 139 (50) 

Birthweight (g) 3210 (653) 3265 (627) 3251 (611) 3288 (613) 3231 (580) 3229 (621) 3248 (633) 3244 (607) 

Birthweight  z-score 0.07 (1.33) 0.28 (1.30) 0.20 (1.31) 0.18 (1.32) 0.09 (1.32) 0.03 (1.20) 0 (1) 0 (1) 

Gestation (weeks) 38 (1) 38 (1) 38 (1) 38 (1) 38 (1) 38 (1) 38 (1) 38 (1) 

Singleton birth 65 (93) 61 (92) 65 (89) 63 (93) 65 (97) 65 (93) 128 (93) 256 (92) 

Caesarean birth 36 (51) 35 (53) 33 (45) 36 (53) 27 (40) 32 (46) 72 (52) 127 (46) 

Apgar score of < 5 at 5 minutes 2 (3) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (1) 0 (0) 

Primary risk factor for hypoglycaemia                 

Infant of diabetic mother 51 (73) 49 (74) 51 (70) 49 (72) 51 (75) 50 (71) 100 (72) 201 (73) 

Late preterm 3 (4) 5 (8) 7 (10) 3 (4) 3 (4) 6 (9) 6 (4) 21 (8) 

Small 10 (14) 7 (11) 8 (11) 8 (12) 7 (10) 9 (13) 18 (13) 31 (11) 

Large 6 (9) 5 (8) 7 (10) 8 (12) 7 (10) 5 (7) 14 (10) 24 (9) 

Babies with 2 risk factors 7 (21) 3 (8) 10 (14) 17 (26) 9 (12) 2 (6) 4 (6) 6 (9) 

Babies with 3 risk factors 0 (0) 1 (3) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

Data are n (%), mean (SD) or median (range).  *There are 12 mothers of twins, of whom 10 appear in more than one column because each twin was assigned to a different treatment group.  
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The overall incidence of hypoglycaemia was 186/415 (45%, 95% CI 40-50%) and 32/415 babies (8%, 95% CI 

5.5-10.7%) were admitted to NICU, of whom most (23/415, 6%, 95% CI 3.7-8.2%) were admitted for 

hypoglycaemia.  For those babies who became hypoglycaemic, the median (range) age at first detection was 

2.3 (1.1, 44.5) hours.  Formula was given to 232/415 (56%, 95% CI 51-61%) during hospital admission, with 

the most common indications being medical intervention for hypoglycaemia (93/232, 40%, 95% CI 34-47%) 

and maternal choice (73/232, 31%, 95% CI 26-38%).  At discharge from hospital 279/407 (69%, 95% CI 64-

73%) babies were fully or exclusively breastfeeding. 

3.5.2 Compliance 

There was no difference between placebo and dextrose gel groups in timing of gel administration or in volume 

of gel administered (Table 3.2).  Thirty babies did not receive all doses of gel according to protocol, including 

13 who were withdrawn from the trial prior to completing all doses, 7 with missed doses, and 8 who received 

an incorrect volume.  These protocol deviations in gel administration occurred with similar frequency for 

babies allocated to dextrose gel and placebo (21/277, 8% vs 9/138, 7%).  Only 1/209 babies (< 1%) allocated 

to a single dose did not receive all allocated gel, compared to 26/206 babies (13%) allocated to multiple doses 

(RR = 0.04, 95% CI 0.01-0.28, P = 0.0013) . 
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Table 3.2  Details of study gel and supplementary dextrose administration for each dosage group. 

 Single Dose Multiple Dose 

Any dose 
of placebo 

Any dose 
of 

dextrose 

Relative risk or 
mean 

difference (95% 
CI), P  Placebo 

Dextrose 

0.5 ml/kg 

Dextrose  

1 ml/kg 
Placebo 

Dextrose 

0.5 ml/kg x 4 

Dextrose   

1 ml/kg x 1  

0.5 ml/kg x 3 

Number of babies allocated 
to study gel  

70 66 73 68 68 70 138 277  

Study Gel          

Age at first dose (h) 
1.0  

(0.5-1.3) 

1.0  

(0.4-1.3) 

1.0  

(0.5-1.7) 

1.0  

(0.7-1.2) 

1.0  

(0.3-1.2) 

1.0  

(0.4-1.6) 

1.0  

(0.5-1.3) 

1.0  

(0.3-1.7) 

-0.01  

(-0.04 – 0.02),  

P = 0.70 

Age at second dose (h) - - - 
4.6  

(2.8-9.4) 

4.6  

(2.4-7.2) 

4.5  

(1.8-8.8) 

4.6  

(2.8-9.4) 

4.5  

(1.8-8.8) 

-0.19  

(-0.53 – 0.15),  

P = 0.27 

Age at third dose (h) - - - 
7.8  

(5.8-14.1) 

7.9  

(5.9-10.5) 

7.9  

(3.6-12.3) 

7.8 (5.8-
14.1) 

7.9 (3.6-
12.3) 

-0.10  

(-0.49 – 0.28),  

P = 0.59 

Age at fourth dose (h) - - - 
11.1  

(8.1-18.9) 

11.2  

(9.1-16.4) 

11.1  

(8.4-15.5) 

11.1  

(8.1-18.9) 

11.2  

(8.4-16.4) 

-0.17  

(-0.70 – 0.36),  

P = 0.52 

Total volume of study gel 
(ml/kg)* 

1.0  

(0.2-1.0) 

0.5 

 (0.5-0.6) 

1.0  

(1.0-1.1) 

2.0  

(0.5-3.1) 
2.0 (0.0-2.6) 

2.5  

(1.0-2.6) 

1.0  

(0.2-3.1) 

1.0  

(0.0-2.6) 

-0.00  

(-0.16 – 0.16),  

P = 0.97 

Total dose of dextrose as 
study gel (g/kg) 

0 
0.2  

(0.2-0.2 ) 

0.4  

(0.4-0.5 ) 
0 

0.8  

(0.0-1.0 ) 

1.0  

(0.4-1.0 ) 
0 

0.4  

(0.0-1.0) 
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Supplementary dextrose          

Received any supplementary 
dextrose n (%) 

25 (36) 15 (23) 16 (22) 17 (25) 19 (28) 17 (24) 42 (30) 67 (24) 

0.79  

(0.57 – 1.10),  

P = 0.17 

Total dose of supplementary 
dextrose (g/kg) 

0.2  

(0.2-17.8) 

0.4  

(0.2-14.6) 

0.2  

(0.2-3.8) 

0.4  

(0.2-32.0) 

0.4  

(0.2-9.0) 

0.2  

(0.2-11.6) 

0.4  

(0.2-32.0) 

0.4  

(0.2-14.6) 

-1.16  

(-3.17 – 0.85)  

P = 0.25 

Received dextrose gel for 
treatment n (%) 

22 (31) 13 (20) 16 (22) 17 (25) 17 (25) 16 (23) 39 (28) 62 (22) 

0.79  

(0.56 – 1.12),  

P = 0.18 

Total dose of treatment gel 
(g/kg) 

0.2  

(0.2-1.0) 

0.4  

(0.2-0.8) 

0.2  

(0.2-0.8) 

0.4  

(0.2-0.6) 

0.2  

(0.2-0.8) 

0.2  

(0.2-0.6) 

0.2  

(0.2-1.0) 

0.2  

(0.2-0.8) 

-0.004  

(-0.08 – 0.07),  

P = 0.92 

Received any intravenous 
dextrose (bolus or infusion) n 
(%) 

7 (10) 3 (5) 2 (3) 4 (6) 5 (7) 4(6) 11 (8) 14 (5) 

0.63  

(0.30 – 1.36),  

P = 0.24 

Total dose of intravenous 
dextrose (bolus or infusion) 
per baby (g/kg) 

4.2  

(0.3-17.6) 

6.0  

(1.9-14.6) 

2.3  

(1.2-3.4) 

6.1  

(4.1-31.5) 

4.4  

(2.08-8.78) 

5.7  

(1.3-11.4) 

5.0  

(0.3-31.5) 

4.3  

(1.2-14.6) 

-3.38  

(-10.01 – 3.24),  

P = 0.29 

Total dextrose dose   
(prophylaxis plus 
supplementary) (g/kg) 

0.0  

(0.0-17.8) 

0.2  

(0.2-14.8) 

0.4  

(0.4-4.2) 

0.0  

(0.0-32.0) 

0.8  

(0.0-9.8) 

1.0  

(0.4-12.6) 

0.0  

(0.0-32.0) 

0.8  

(0.0-14.8) 

0.13  

(-0.50 – 0.75),  

P = 0.69 

Data are median (range), number (%), relative risk (95% confidence interval) or mean difference (95% confidence interval) for comparison between any dose of placebo and any dose of 

dextrose. *Did not receive all allocated study gel: single dose placebo, 1; multiple dose placebo, 7; multiple dose dextrose 0.5 ml/kg x 4, 10; multiple dose dextrose 1 ml/kg x 1 0.5 ml/kg x 3, 8
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Twenty four babies (24/415, 6%) were withdrawn from the trial after randomisation (Figure 3.1).  Withdrawal 

rates were similar in babies randomised to dextrose gel and placebo (17/277, 6% vs 7/138, 5%, P = 0.60), but 

were higher in babies randomised to multiple doses than in those randomised to a single dose of gel (17/206, 

8% vs 7/209, 3%, RR 1.05, 95% CI 1.00-1.11, P = 0.03).  Most common reasons for withdrawal were parental 

concern about blood sampling (despite this not being determined by the trial protocol) and clinician uncertainty 

about the trial protocol. 

3.5.3 Overall efficacy 

Babies randomised to any dose of dextrose gel were less likely to develop hypoglycaemia than those 

randomised to placebo (RR 0.79, 95% CI 0.64-0.90, P = 0.03; number needed to treat = 10, 95% CI 5-115, 

Table 3.3).   They also developed hypoglycaemia later (dextrose 3.7 (1.1–44.5) h, placebo 2.1 (1.5–43.8) h,   

P = 0.03.  However, the lowest blood glucose concentration in those who did experience hypoglycaemia was 

similar for babies randomised to dextrose gel or to placebo (2.3 (0.6-2.5) mM vs 2.1 (1.1-2.5) mM, mean 

difference 0.08 mM, 95% CI -0.02-0.18 mM, P = 0.13), as was the number of blood glucose measurements < 

2.6 mM in the first 48 hours (mean (SD) 1.8 (1.1) vs  2.0 (1.2), mean difference -0.19, 95%CI -0.54-0.16 mM, 

P = 0.29).  One quarter of babies (109/415, 26%) received supplementary dextrose in addition to study gel, 

either as open label 40% dextrose gel or intravenous dextrose, with similar rates in dextrose and placebo gel 

groups (67/277, 24% vs 42/138, 30%, RR 0.79, 95% CI 0.57-1.10, P = 0.17). 
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Table 3.3  Primary and secondary outcomes for each dosage group 

 Single Dose Multiple Dose 

Any 
dose of 
placebo 

Any dose  

of dextrose 
Total 

 Placebo 
Dextrose  

0.5 ml/kg 

Dextrose  

1 ml/kg 
Placebo 

Dextrose  

0.5 ml/kg x 4 

Dextrose 

 1 ml/kg x 1  

0.5 ml/kg  x 3 

 
n (%) or 
median 
(range) 

n (%) or 
median 
(range) 

RR or mean 
difference 
(95% CI), P 

n (%) or 
median 
(range) 

RR or mean 
difference 
(95% CI), P 

n (%) or 
median 
(range) 

n (%) or 
median 
(range) 

RR or mean 
difference 
(95% CI), P 

n (%) or 
median 
(range) 

RR or mean 
difference 
(95% CI), P 

n (%) or 
median 
(range) 

n (%) or 
median 
(range) 

RR or mean 
difference 
(95% CI), P 

n (%) or 
median 
(range) 

Number of 
babies 

70 66  73  68 68  70  138 277  415 

Hypoglycaemia 39 (56) 25 (38) 

0.68  

(0.47 - 0.99), 

P=0.04 

34 (47) 

0.84  

(0.61 - 1.15), 

P=0.28 

33 (49) 28 (41) 

0.85  

(0.58 - 1.23),  

P=0.39 

27 (39) 

0.79 

(0.54 - 1.17), 

P=0.24 

72 (52) 114 (41) 

0.79  

(0.64 - 0.98), 

 P=0.03 

186 (45) 

Age 
hypoglycaemia 
first detected  
(hours) 

2.1  

(1.5–
12.1) 

4.7  

(1.6–
38.0) 

3.74  

(-0.37 - 
7.85), 

P=0.07 

4.1  

(1.3–
44.4) 

2.04  

(-0.82 - 
4.90),  

P=0.25 

2.1  

(1.5–
43.8) 

2.2  

(1.1-11.8) 

-1.75  

(-5.41 - 
1.90),  

P=0.79 

3.0  

(1.9–
44.5) 

0.68  

(-4.46 - 
5.81), 

 P=0.04 

2.1  

(1.5–
43.8) 

3.7  

(1.1–
44.5) 

1.20  

(-1.07 - 
3.48), 

 P=0.03 

2.3  

(1.1– 
44.5) 

Admission to 
NICU 

10 (14) 3 (5) 

0.32  

(0.09 - 1.11),  

P=0.07 

3 (4) 

0.29  

(0.08 - 1.00),  

P=0.05 

4 (6) 8 (12) 

2.00  

(0.63 - 6.33),  

P=0.24 

4 (6) 

0.97  

(0.25 - 3.73), 

 P=0.97 

14 (10) 18 (7) 

0.64  

(0.33-1.25), 

 P=0.19 

32 (8) 

Admission to 
NICU for 
hypoglycaemia 

9 (13) 1 (2) 

0.12  

(0.02 - 0.90),  

P=0.04 

3 (4) 

0.32  

(0.09 - 1.13),  

P=0.08 

3 (4) 5 (7) 

1.67 

(0.41 - 6.70),  

P=0.47 

2 (3) 

0.65  

(0.11 - 3.76), 

 P=0.63 

12 (9) 11 (4) 

0.46  

(0.21 - 1.01), 

 P=0.05 

23 (6) 

Late 
Hypoglycaemia 

1 (1) 3 (5) 

3.18  

(0.3 -29.83),  

P=0.31 

4 (5) 

3.84  

(0.44-33.48),  

P=0.22 

2 (3) 0 NC 2 (3) 

0.97  

(0.14 - 6.70),   

P=0.98 

3 (2) 9 (3) 

1.49 

(0.41 - 5.43), 

P=0.54 

12 (3) 

Breastfeeding 
at discharge 
(full or 
exclusive)

a
 

48/69  

(70) 

43/66  

(65) 

0.94  

(0.74 - 1.19),  

P=0.59 

44/73 

 (60) 

0.87  

(0.68 - 1.10),  

P=0.25 

45/66 

 (68) 

49/64 

 (77) 

1.12  

(0.91 - 1.39),  

P=0.29 

50/69 

 (72) 

1.06  

(0.85 - 1.32),  

P=0.59 

93/135 

 (69) 

186/272 

 (68) 

0.99  

(0.86 - 1.14),  

P=0.92 

279/407 
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Received any 
formula prior to 
discharge 

42/69 

 (61) 

41/66  

(62) 

1.02  

(0.78-1.33),  

P=0.88 

45/73 

(62) 

1.01  

(0.78-1.32),  

P=0.92 

40/66 

 (61) 

30/64 

 (47) 

0.77  

(0.56 - 1.07),  

P=0.12 

34/69 

 (49) 

0.81  

(0.60 - 1.11),  

P=0.19 

82/135 

 (61) 

150/272 

 (55) 

0.91  

(0.76-1.08),  

P=0.27 

232 

Number of 
formula feeds 
per formula fed 
baby 

18  

(1-56) 

10 

 (1-45) 

-6.00  

(-11.58 - 
0.41), 

P=0.036 

15  

(1-66) 

0.40  

(-6.29 -7.10),  

P=0.91 

11 

 (1-52) 

10 

 (2-78) 

-0.57  

(-8.12 - -
6.98),  

P=0.88 

18  

(1-56) 

4.23  

(-2.64 - 
11.10),  

P=0.22 

12 (1-56) 12 (1-78) 

-0.48  

(-4.48 - 
3.52),  

P=0.81 

12  

(1 - 78) 

Volume of 
formula 
(ml/kg/feed) 

3.8  

(1.2-11.5) 

3.1 

(1.5-9.3) 

-0.08  

(-0.96 - 
0.81),  

P=0.86 

2.9 

 (0.4-9.2) 

-0.82  

(-1.58 - -
0.05),  

P=0.037 

3.2 

(0.4- 
10.7) 

3.4  

(0.4-11.2) 

-0.15  

(-1.02  -
0.72),  

P=0.73 

3.9 

 (0.7-9.0) 

0.42  

(-0.42 - -
1.26),  

P=0.32 

3.5 

 (0.4- 
11.5) 

3.3 

 (0.4- 
11.2) 

-0.17  

(-0.68 - 
0.34),  

P=0.51 

3.4  

(0.4 - 
11.5) 

Breastfeeding 
on day 3 (full or 
exclusive) 

34/69 

 (49) 

38/64  

(59) 

1.21  

(0.88 - 1.65),  

P=0.24 

38/73 

 (52) 

1.06  

(0.76 - 1.46),  

P=0.74 

35/66  

(53) 

45/64 

 (70) 

1.33  

(1.00 - 1.75),  

P=0.046 

43/69 

 (62) 

1.18  

(0.88 - 1.57),  

P=0.28 

69/135  

(51) 

164/270  

(61) 

1.19  

(0.98 - 1.44),  

P=0.08 

233/405 

Delayed 
feeding 

35/69  

(51) 

26/64 

 (41) 

0.80  

(0.55 - 1.17),  

P=0.25 

35/73  

(48) 

0.95  

(0.68 – 1.32),  

P=0.74 

31/66  

(47) 

19/64 

 (30) 

0.63  

(0.40 - 1.00),  

P=0.049 

26/69 

 (38) 

0.80  

(0.54 - 1.19),  

P=0.28 

66/135  

(49) 

106/270 

(39) 

0.80  

(0.64 - 1.01),  

P=0.06 

172/405  

(42) 

Receiving 
some formula 
at 6 weeks 

32/66  

(48) 

28/61  

(46) 

0.95  

(0.65 - 1.37),  

P=0.77 

32/70 

 (46) 

0.94  

(0.66 - 1.35),  

P=0.75 

28/63 

 (44) 

22/61 

 (36) 

0.81  

(0.53 - 1.25),  

P=0.34 

29/65 

 (45) 

1.00  

(0.68 - 1.48),  

P=0.98 

60/129  

(47) 

111/257 

 (43) 

0.93  

(0.74 - 1.17),  

P=0.53 

171/386 

 (44) 

Parental 
satisfaction 

65/68  

(96) 

61/66 

 (92) 

0.97  

(0.89 - 1.05),  

P=0.44 

68/73 

 (93) 

0.97  

(0.90 - 1.06),  

P=0.53 

59/64 

 (92) 

55/63  

(87) 

0.95 

(0.84 - 1.07), 

P=0.37 

58/68 

 (85) 

0.93  

(0.82 - 1.05),  

P=0.21 

124/132  

(94) 

242/270  

(90) 

0.95  

(0.90 - 1.01),  

P=0.12 

366/402 

 (91) 

Data are n (%), median (range), relative risk (RR) (95% confidence interval) or mean difference (95% confidence interval) for comparison with relevant placebo gel group.  NC = not 

calculable.  Missing data: Feeding method at discharge, 8; feeding method on day 3, 10; feeding method at 6 weeks, 29; parental satisfaction, 13.  
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There was no difference between dextrose and placebo groups in the rate of admission to NICU (Table 3.3), 

although admission to NICU for hypoglycaemia tended to be less common in babies randomised to dextrose 

gel (RR 0.46, 95% CI 0.21-1.01, P = 0.05).  Rates of breastfeeding were similar in both groups at discharge (P 

= 0.92), on day three (P = 0.08) and at six weeks (P = 0.53) (Table 3.3).  Parental satisfaction did not differ for 

babies who received single doses rather than multiple doses (RR 1.06, 95% CI 1.00-1.13, P = 0.06) or for 

babies who received dextrose or placebo gel (RR 0.95, 95% CI 0.90-1.01, P = 0.12). 

In post-hoc sub-group analysis, the effect of dextrose gel on the incidence of hypoglycaemia was similar in 

babies with different primary risk factors. 

3.5.4 Efficacy of different doses 

When cumulative doses of dextrose gel were plotted against the odds of developing hypoglycaemia, with 

adjustment for sex, gestational age and mode of birth (Figure 3.2), the odds of hypoglycaemia were not 

significantly lower when all dose regimes of dextrose gel were compared against placebo gel (P = 0.21).  

However, the 95% confidence interval for the 200 mg/kg dose relative to placebo did not include unity. 

In post-hoc exploratory analyses, there was no difference in median blood glucose concentration between 

dose regimes (Figure 3.3).  Amongst babies randomised to multiple doses of dextrose gel who became 

hypoglycaemic, 56/88 (64%) had done so before the time that they would have completed their allocated 4 

doses of gel.  
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Figure 3.2  Odds of blood glucose < 2.6 mM for each cumulative dose of prophylactic dextrose gel  
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Odds ratios of blood glucose concentration < 2.6 mM for each cumulative dose of prophylactic dextrose gel where 0 mg/kg 

is placebo, 200 mg/kg is 0.5 ml/kg dextrose once, 400 mg/kg is 1 ml/kg once, 800 mg/kg is 0.5 ml/kg for 4 doses and 1000 

mg/kg is 1 ml/kg once followed by 0.5 ml/kg for a further 3 doses.  Data are odds ratios ± 95% CI adjusted for pre-

specified potential confounders (sex, gestational age and delivery mode), and the numerals above the figure are number 

(%) of babies who experienced hypoglycaemia (blood glucose concentration < 2.6 mM) in each group.  The odds of 

hypoglycaemia were not significantly lower when all dose regimes of dextrose gel were compared against placebo gel (P 

= 0.21). 
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Figure 3.3  Median blood glucose concentration at four time intervals for each dose regime of dextrose gel 

Boxplots for blood glucose concentration (mM) at time = 2, 4, 8 and 12 hours ± 30 minutes, for each cumulative dose of 

prophylactic dextrose gel where 0 mg/kg is placebo, 200 mg/kg is 0.5 ml/kg dextrose once, 400 mg/kg is 1 ml/kg once, 

800 mg/kg is 0.5 ml/kg for 4 doses and 1000 mg/kg is 1 ml/kg once followed by 0.5 ml/kg for a further 3 doses.  The box 

represents 25th to 75th percentiles.  The horizontal bar within the box is the median and the solid dot within the box is the 

mean.  The whiskers are 1.5 (IQR) above and below the 25th and 75th percentile.  Solid dots beyond the whiskers 

represent outliers 
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3.5.5 Limitations  

Overall gel was well tolerated, with 918 of 1030 doses (89%) associated with no spill or a small spill, 33 (3%) 

with a moderate and 13 (1%) with a large spill.  At least one moderate or large spill was more common in 

babies receiving multiple than after single doses (RR 7.94, 95% CI 2.85-22.09, P < 0.0001) but was not 

different between babies receiving dextrose and placebo gel (RR 1.09, 95% CI 0.55-2.17, P = 0.80). 

Most doses took 5 to 10 minutes to administer.  Taking longer than 5 minutes to administer a dose was more 

common for multiple than single doses (RR 1.08, 95% CI 1.03-1.14, P = 0.0036) but was similar for dextrose 

gel and placebo gel administration (RR 1.05, 95% CI 0.99-1.11, P = 0.13). 

Similarly, parents reported more messiness with multiple than with single doses of gel (RR 7.07, 95% CI 2.14-

23.33, P = 0.0013), but no differences between dextrose and placebo gel (RR 1.00, 95% CI 0.44-2.29, P = 

0.99).  Most parents found the gel acceptable (364/402, 91%), with no differences between multiple and single 

doses or between dextrose and placebo gel. 

No babies met the criteria for hyperglycaemia.  There were no differences between treatment groups in the 

incidence of late hypoglycaemia or delayed feeding (Table 3.4).   

Total limitations scores were similar in all treatment groups.  However, more babies in the multiple dose group 

than in the single dose group experienced at least one limitation (score > 0, RR 1.03, 95% CI 1.00-1.07, P = 

0.05) although this was similar in dextrose and placebo gel groups (RR 1.00, 95% CI 0.96-1.03, P = 0.83).  
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Table 3.4  Limitation Scores for each dosage group 

 
Limitation 
Weighting 

Single Dose Multiple Dose  

  Placebo 
Dextrose 
0.5ml/kg 

Dextrose 
1ml/kg 

Placebo 
Dextrose 

0.5ml/kg x 4 

Dextrose 
1ml/kg x 1 

0.5ml/kg x 3 

Any dose 
of placebo 

Any dose of 
dextrose 

RR 
(95% CI), 

P 

Any Single 
Dose 

Any 
Multiple 

Dose 

RR 
(95% CI), 

P 

Number of babies  
 

70 66 73 68 68 70 138 277  209 206  

Tolerance 
         

 
  

 

No spill 0 
59/70 
(84) 

53/66 
(80%) 

46/73 
(63) 

40/68 
(59) 

34/66 
(52) 

45/70 
(64) 

99/138 
(72) 

156/275 
(57) 

 
158/209 

(76) 
97/204 

(48) 
 

Small spill 0 
9/70 
(13) 

13/66 
(20) 

25/73 
(34) 

19/68 
(23) 

23/66 
(35) 

34/70 
(49) 

28/138 
(20) 

95/275 
(35) 

 
47/209 

(22) 
76/204 

(37) 
 

Moderate spill 1 
2/70 
(3) 

0 
2/73 
(3) 

8/68 
(12) 

5/66 
(8) 

9/70 
(13) 

10/138 (7) 
16/275 

(6) 
 

4/209 
(2) 

22/204 
(11) 

 

Large spill  2 
0/70 
(0) 

0 0 
1/68 
(1) 

6/66 
(9) 

2/70 
(3) 

1/138 
(1) 

8/275 
(3) 

 0 
9/204 

(4) 
 

Tolerance score > 0 
 

2/70 
(3) 

0/66 
(0) 

2/73 
(3) 

9/68 
(13) 

11/66 
(17) 

11/70 
(16) 

11/138 
(8) 

24/275 
(9) 

1.09 
(0.55 - 2.17), 

P=0.80 

4/209 
(2) 

31/204 
(15) 

7.94 
(2.85 - 22.09), 

P<0.0001 

Time to administer 
         

 
  

 

< 5 min 0 
11/70 
(16) 

7/66 
(11) 

3/73 
(4) 

2/68 
(3) 

4/66 
(6) 

0/70 
13/138 

(9) 
14/275 

(5) 
 

21/209 
(10) 

6/204 (3)  

5 - 10 min 1 
53/70 
(76) 

57/66 
(86) 

53/73 
(73) 

55/68 
(81) 

52/66 
(79) 

47/70 
(67) 

108/138 
(78) 

209/275 
(76) 

 
163/209 

(78) 
154/204 

(75) 
 

> 10 min 2 
6/70 
(9) 

2/66 
(3) 

17/73 
(23) 

11/68 
(16) 

10/66 
(15) 

23/70 
(33) 

17/138 
(12) 

52/275 
(19) 

 
25/209 

(12) 
44/204 

(22) 
 

Time score > 0 
 

59/70 
(84) 

59/66 
(89) 

70/73 
(96) 

66/68 
(97) 

62/66 
(94) 

70/70 
(100) 

125/138 
(91) 

261/275 
(95) 

1.05 
(0.99 - 1.11), 

P=0.13 

188/209 
(90) 

198/204 
(97) 

1.08 
(1.03 - 1.14), 

P=0.0036 

Messiness  
         

 
  

 

N 0 
67/67 
(100) 

62/63 
(98) 

68/70 
(97) 

58/66 
(88) 

60/63 
(95) 

59/69 
(86) 

125/133 
(94) 

249/265 
(94) 

 
197/200 

(98) 
177/198 

(89) 
 

Y 0.5 0 
1/63 
(2) 

2/70 
(3) 

8/66 
(12) 

3/63 
(5) 

10/69 
(14) 

8/133 
(6) 

16/265 
(6) 

1.00 
(0.44 - 2.29), 

P=0.99 

3/200 
(2) 

21/198 
(11) 

7.07 
(2.14 - 23.33), 

P=0.0013 
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Hyperglycaemia 6 0 0 0 0 0 0 
  

 
  

 

Late Hypoglycaemia 6 
1/70 
(1) 

3/66 
(5) 

4/73 
(5) 

2/68 
(3) 

0/68 
(0) 

2/70 
(3) 

3/138 
(2) 

9/277 
(3) 

1.49 
(0.41 - 5.43), 

P=0.54 

8/209 
(4) 

4/206 
(2) 

0.51 
(0.16 - 1.66), 

P=0.26 

Delayed Feeding 2 
35/69 
(51) 

26/64 
(41) 

35/73 
(48) 

31/66 
(47) 

19/64 
(30) 

26/69 
(38) 

66/135 
(49) 

106/270 
(39) 

0.80 
(0.64 - 1.01), 

P=0.06 

96/206 
(47) 

76/199 
(38) 

0.82 
(0.65 - 1.03), 

P=0.09 

Acceptability  
         

 
  

 

Acceptable 0 
65/68 
(96) 

61/66 
(92) 

68/73 
(93) 

59/64 
(92) 

55/63 
(87) 

58/68 
(85) 

124/132 
(93) 

242/270 
(90) 

 
194/207 

(94) 
172/195 

(88) 
 

Some inconvenience  0 
2/68 
(3) 

4/66 
(6) 

3/73 
(4) 

3/64 
(5) 

7/63 
(11) 

9/68 
(13) 

5/132 
(4) 

23/270 
(9) 

 
9/207 

(4) 
19/195 

(10) 
 

Major inconvenience 1 
0/68 
(0) 

0/66 
(0) 

1/73 
(1) 

1/64 
(2) 

1/63 
(2) 

0/68 
(0) 

1/132 
(1) 

2/270 
(1) 

 1/207 (<1) 
2/195 

(1) 
 

Unacceptable 2 
1/68 
(1) 

1/66 
(2) 

1/73 
(1) 

1/64 
(2) 

0/63 
(0) 

1/68 
(1) 

2/132 
(2) 

3/270 
(1) 

 
3/207 

(1) 
2/195 

(1) 
 

Acceptability score  
> 0  

1/68 
(1) 

1/66 
(2) 

2/73 
(3) 

2/64 
(3) 

1/63 
(2) 

1/68 
(1) 

3/132 
(2) 

5/270 
(2) 

0.81 
(0.20 - 3.36), 

P=0.78 

4/207 
(2) 

4/195 
(2) 

1.06 
(0.27 - 4.19), 

P=0.93 

Total Limitation Score 
 

2 
(0-7) 

1 
(0-9) 

3 
(0-10) 

2 
(1-10) 

2 
(0-5) 

2 
(1-10) 

2 
(0-10) 

2 
(0-10) 

0.01 
(-0.32 - 0.34), 

P=0.94 

2 
(0-10) 

2 
(0-10) 

0.10 
(-0.21  -0.41), 

P=0.53 

Total limitation score 
> 0 

 
66/70 
(94) 

61/66 
(92) 

72/73 
(99) 

68/68 
(100) 

63/66 
(95) 

70/70 
(100) 

134/138 
(97) 

266/275 
(97) 

1.00 
(0.96 - 1.03), 

P=0.83 

199/209 
(95) 

201/204 
(99) 

1.03 
(1.00 - 1.07), 

P=0.053 

Data are n (%), median (range) or relative risk (95% confidence interval) for comparison between adjacent columns.  Limitation weightings were arbitrarily assigned in advance, based on 

consensus of clinical importance.  Small spill = (few drops), moderate spill = (half of volume administered), large spill = (all of volume administered), messiness (parental report), acceptability 

(parental report), delayed feeding = failure to establish breastfeeding without supplementation by the end of day 3.  
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3.5.6 Adverse effects 

One baby developed seizures, without concurrent hypoglycaemia, that were not considered to be related to 

the intervention.  There were no neonatal or infant deaths.  No babies developed hyperglycaemia or systemic 

sepsis, or had a first episode of hypoglycaemia after 48 hours.  Delayed feeding occurred in 170/405 (42%, 

95% CI 37-47%) babies and late hypoglycaemia in 14/415 (3.4%, 95% CI 2.0-5.6%), with similar rates in all 

treatment groups (Table 3.3). 

3.6 Discussion 

Our findings show that prophylactic oral dextrose gel reduces the incidence of neonatal hypoglycaemia in 

babies born at risk but without indication for NICU admission.  Further, the intervention was easy to 

administer, well tolerated, acceptable to parents, and not associated with any adverse outcomes.  Neonatal 

hypoglycaemia is a common problem, occurring in up to 15% of newborn babies, and 50% of those born at 

risk  (Harris et al., 2012).  Management commonly includes supplementary feeds with formula milk and/or 

separation of mother and baby for admission to NICU for more invasive management with intravenous 

dextrose.  The use of formula milk is associated with decreased breastfeeding rates (Blomquist et al., 1994) 

and admission to NICU separates mother and baby, making breastfeeding establishment more difficult as well 

as increasing healthcare costs.  Other than feeding early (Chertok et al., 2009), there are no effective 

interventions for prophylaxis of neonatal hypoglycaemia in babies at risk.  This trial is the first to demonstrate 

that oral dextrose gel reduces the incidence of neonatal hypoglycaemia. 

Neonatal hypoglycaemia occurs most frequently in the first 24 hours after birth, with lower blood glucose 

concentrations of ≤ 2 mM occurring most often within the first 12 hours (Harris et al., 2012).  Babies at risk of 

neonatal hypoglycaemia commonly receive repeated feeds of supplemental formula milk to manage low blood 

glucose measurements while maternal lactation is established (Blomquist et al., 1994; Harris et al., 2013).  

Therefore, we decided to investigate the effect of a prophylactic regime of multiple doses of dextrose given 

within the first 12 hours following birth.  As with the single dose regime, we considered that both a standard 

and a higher initial dose might be of benefit.   
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Perhaps surprisingly, there was no evidence of a dose-response effect, with all dose regimes have similar 

efficacy, and resulting in similar median blood glucose concentrations.  However, the diagnosis of 

hypoglycaemia was later in babies randomised to dextrose gel, although the incidence of late hypoglycaemia 

was unchanged, suggesting that the main effect of dextrose gel may be in reducing the incidence of early 

hypoglycaemia.  This is consistent with our finding that two thirds of babies randomised to multiple doses who 

developed hypoglycaemia did so before the time that they would have received all doses.  These babies had 

already met the primary outcome and therefore any benefit of subsequent doses in maintaining blood glucose 

concentrations would not be captured in this analysis.  Within the single dose groups there was no indication 

that higher doses might have been effective, with the proportion of hypoglycaemic babies in the 1ml/kg dose 

group being closer to that in the placebo group than in the 0.5 ml/kg dose group. 

Each dose of dextrose gel was followed by a breast feed.  We anticipated that the dextrose gel would be 

rapidly absorbed into the buccal mucosa, but alone would not be adequate to maintain blood glucose 

concentrations for the length of the period between feeds.  Although early colostrum contains few calories, it 

contains many other factors that are important for early neonatal health, including metabolic regulation during 

the transition (Agostoni, 2005; Hawdon et al., 1992), and we considered it a priority to encourage early 

establishment of breastfeeding, with health benefits for both mother and baby (Dieterich, Felice, O'Sullivan, & 

Rasmussen, 2013; Eidelman, 2012).  It was also possible that the gel might stimulate insulin production.  

Although there is uncertainty whether increased blood glucose concentration in the early neonatal period does 

induce an increase in insulin production (Hawdon, Aynsley-Green, Bartlett, et al., 1993), transient neonatal 

hyperinsulinism is the likely mechanism underlying most transient neonatal hypoglycaemia (Stanley et al., 

2015). 

The eligibility criteria for this study were intended to select babies who would not need NICU admission for 

other reasons and were therefore most likely to benefit if hypoglycaemia could be avoided.  Although 

admission to NICU for hypoglycaemia appeared to be less common in babies allocated to dextrose gel, 

overall admission rates were similar in both groups.  However, this dose-finding trial was not powered to 

detect a reduction in admission to NICU or later neurodevelopmental outcomes and therefore a larger trial is 

needed to determine the effect of prophylactic dextrose gel on these important outcomes. 

The potential negative impact of any supplement given during the neonatal period on breastfeeding 

(Blomquist et al., 1994; Dewey, Nommsen-Rivers, Heinig, & Cohen, 2003; Parry, Ip, Chau, Wu, & Tarrant, 
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2013) necessitated close monitoring of feeding during the trial.  In particular, the use of dextrose gel for 

treatment of hypoglycaemia has previously been reported in one small trial to reduce the volume of formula 

taken at the subsequent feed (Troughton, Corrigan, & Tait, 2000), although a larger, more recent trial was 

more reassuring, and demonstrated reduced formula feeding rates at two weeks after treatment dextrose gel 

(Harris et al., 2013).  We found no effects of prophylactic dextrose gel on measures of infant feeding (receipt 

of formula, delayed feeding, breastfeeding at discharge, on day three or at six weeks).  However, although all 

mothers of babies in our trial intended to breast feed, 55% of babies received formula before discharge, and 

42% had not established full breastfeeding by 72 hours.  This is perhaps not surprising, given that 72% of 

mothers were diabetic and 48% underwent caesarean delivery; both risk factors for delayed onset of lactation 

(Dewey et al., 2003).  There are few comparative data.  One study of women birthing in a university hospital in 

the United States of America, the majority of whom intended to breastfeed and whose babies had no risk 

factors for hypoglycaemia, reported in-hospital formula supplementation in 47%, with the commonest 

indication being perceived insufficient milk supply (Chantry et al., 2014).  Furthermore, delayed onset of 

lactation (≥ 72 hours after birth) has been reported in 35% of healthy women (Chapman & Perez-Escamilla, 

1999). 

We used pre-defined assessment of limitations to assist with selecting the most appropriate dose, as we 

anticipated that more than one dose might be effective in preventing neonatal hypoglycaemia.  As this 

prediction of similar efficacy proved correct, we aimed to select the dose that would be most acceptable to 

clinical staff and parents, with fewest potential adverse effects and best tolerated by the baby.  Although the 

weightings of each component of the limitation score were assigned arbitrarily, they were based on our 

consensus estimate of clinical importance.  This was helpful in clarifying that multiple doses were more likely 

than single doses to be associated with spilling, slower to administer and considered messy by parents.  

However, there were no differences between dextrose and placebo gel groups. 

The commonest risk factor for hypoglycaemia in participants in this trial was infant of diabetic mother.  This 

was in large part because women pregnant with potentially eligible babies were approached antenatally, and 

we were able to identify women with diabetes more readily than those in other risk groups.  Although this may 

be considered a potential weakness of this study, the incidence of neonatal hypoglycaemia was similar 

amongst the risk groups.  Furthermore, pre-specified sub-group analysis did not show any difference in 

efficacy of dextrose gel to prevent hypoglycaemia dependent upon the primary risk factor, although our trial 
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was not powered to investigate this difference.  Strengths of this trial are the low cost of the intervention and 

ease of administration of the gel, with potential for positive impact on neonatal health globally. 

This trial was designed as a dose-finding trial, with the most effective dose in prevention of hypoglycaemia to 

be used to inform a subsequent multicentre trial to determine the effect on admission to NICU and on 

important long-term neurodevelopmental outcomes.  Since efficacy of dextrose gel in prevention of 

hypoglycaemia was similar in all dosage groups, but limitations were more common in babies randomised to 

multiple doses, we have selected 0.5 ml/kg as the dose to be used in our ongoing trial of dextrose gel 

prophylaxis (hPOD, hypoglycaemia Prevention with Oral Dextrose, ACTRN12614001263684) (Harding et al., 

2015).  This also has the advantage of being the same as the dose shown to be effective and safe in 

treatment of neonatal hypoglycaemia (Harris et al., 2013), thus minimising any risk of confusion between 

prophylaxis and treatment in prescription and administration of gel in a clinical setting.  

We have shown that in term and late preterm babies at risk of neonatal hypoglycaemia but without indication 

for NICU admission, the incidence of hypoglycaemia can be reduced by a single prophylactic buccal dose of 

0.5 ml/kg 40% dextrose gel at one hour of age, with an average of ten babies needing treatment to prevent 

one baby developing hypoglycaemia.  It remains to be determined if this will result in other clinically important 

benefits in the short term and any effects on long-term health. 
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4 Continuous Glucose Monitoring of Newborn Babies at Risk of Hypoglycaemia  
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4.1 Introduction 

Neonatal hypoglycaemia is a common occurrence in newborn babies, with 30% of newborn babies meeting 

current screening criteria and 50% of those babies screened developing hypoglycaemia (Harris et al., 2012).  

Screening criteria are not uniform everywhere, but generally select babies at highest risk (infants of diabetic 

mothers, preterm, and large or small for dates) and recommend intermittent blood glucose monitoring 

following birth for predefined duration commonly of 12 to 24 hours (Adamkin, 2011; Canadian Pediatric 

Society Fetal and Newborn Committee, 2004; National Institute for Health Clinical Excellence, 2015; New 

Zealand Ministry of Health, 2014).  The definition of neonatal hypoglycaemia by specific blood glucose 

concentration and the recommended management also varies between guidelines.  There is increasing use of 

‘transitional hypoglycaemia’ as the terminology used for neonatal hypoglycaemia occurring soon after birth, 

where hypoglycaemia is brief, ‘asymptomatic’ (without clinical signs) and does not persist beyond the newborn 

period (Kaiser et al., 2015; Stanley et al., 2015). 

Intermittent blood glucose concentration monitoring is commonly undertaken pre-feed at intervals of 3 to 4 

hours.  Therefore, a large proportion of time is un-monitored under current screening practices.  Many mother-

baby dyads will be establishing breastfeeding during this time and babies will be reliant upon small volumes of 

colostrum during early lactogenesis (Dollberg et al., 2001; Saint et al., 1984).  For the well grown, low risk 

term baby this is a normal event, requiring no specific monitoring or intervention.  However, for those babies 

with additional risk factors, the small volumes of colostrum available may not be adequate and blood glucose 

concentrations may fall below levels considered safe without necessarily being detected by intermittent blood 

sampling.   

Continuous glucose monitoring devices measure the concentration of glucose in the interstitial fluid, and 

clinical use of continuous glucose monitoring in diabetic adults and children is well established and validated 

(Juvenile Diabetes Research Foundation Continuous Glucose Monitoring Study et al., 2009).  Continuous 

glucose monitoring is associated with reduction in the time spent within the hypoglycaemic and 

hyperglycaemic ranges in outpatient paediatric patients wearing insulin infusion devices (Cemeroglu et al., 

2010).  Interstitial glucose concentration from continuous glucose monitoring correlates well with intermittent 

blood glucose concentration measurements in paediatric intensive care (Bridges et al., 2010). 
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There is increasing evidence for the accuracy, reliability and safety of use of continuous glucose monitoring   

in even the smallest babies (Beardsall et al., 2005; Beardsall et al., 2013; Harris et al., 2010; Iglesias-Platas et 

al., 2009).  More episodes of hypoglycaemia are detected in newborn babies monitored in neonatal intensive 

care using continuous glucose monitoring than by intermittent blood glucose sampling alone (Harris et al., 

2010; Iglesias-Platas et al., 2009).  The long-term effects of these otherwise undocumented episodes are not 

currently understood.  Neonatal hypoglycaemia when treated to maintain blood glucose concentration > 2.6 

mM does not appear to be associated with early childhood adverse neurological outcome (McKinlay et al., 

2015).  However, there is increasing evidence that even transient, ‘asymptomatic’ hypoglycaemia may 

adversely affect school age achievement (Kaiser et al., 2015). 

A NIH workshop report recommended further studies ‘to clarify the relationships among continuous glucose 

concentrations in the newborn, symptomatic hypoglycaemia, response to treatment, associated medical 

conditions, and longer-term neurodevelopmental outcomes’ (Hay et al., 2009). 

Most babies at risk of neonatal hypoglycaemia remain with their mother on the postnatal ward during 

monitoring for hypoglycaemia, with only a small number of those at risk requiring admission to NICU (Nagy, 

Hegarty, & Alsweiler, 2012).  We investigated the use of continuous glucose monitoring of babies at risk of 

hypoglycaemia as part of a randomised controlled trial comparing oral dextrose gel with placebo for 

prevention of hypoglycaemia.   

4.2 Aim 

We aimed to collect detailed and continuous data on interstitial glucose concentration changes during and 

after administration of prophylactic oral dextrose gel in the first 12 hours following birth to determine the effect 

of single and multiple dose regimens on the timing and extent of changes in interstitial glucose concentrations, 

and to determine the effect of prophylactic oral dextrose on glucose concentrations beyond the minimum 

routine monitoring period of 12 hours. 
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4.3 Methods 

4.3.1 Trial design  

Participants were babies whose parents consented to use of continuous glucose monitoring as part of a 

randomised controlled trial (pre-hPOD, Chapter 3) at a hospital providing maternity and neonatal services 

(Auckland City Hospital, Auckland, New Zealand).  Eligible babies were infants of diabetics (any type of 

diabetes), late preterm (35 or 36 weeks’ gestation), small (birthweight < 10th centile on population or 

customised birthweight charts or < 2.5kg) or large (birthweight > 90th centile on population or customised 

birthweight charts or > 4.5kg) or other risk factor (e.g. maternal medication).  Babies also satisfied ALL of the 

following at time of randomisation; ≥ 35 weeks’ gestation, birth-weight ≥ 2.2 kg, < 1 hour old, no apparent 

indication for admission to Neonatal Intensive Care Unit (NICU), unlikely to require admission to NICU for any 

other reasons, and mother intending to breast-feed.  Exclusion criteria were major congenital abnormality, 

previous formula feed or intravenous fluids, previous diagnosis of hypoglycaemia, admitted to NICU or 

imminent admission to NICU.   

Mothers of babies who were likely to become eligible (maternal diabetes, likely late preterm birth, or 

anticipated high or low birth weight) were identified through lead maternity carers and antenatal clinics and 

provided with an information sheet before the birth.  Written informed consent was obtained before the birth by 

a member of the research team, and confirmed verbally after the birth.  

Parents were able to consent to the pre-hPOD study (Chapter 3) and decline continuous glucose monitoring. 

The trial was approved by the Northern A Health and Disability Ethics Committee of New Zealand and 

prospectively registered with the Australian New Zealand Clinical Trials Registry, number 

ACTRN12613000322730.  The study protocol is available online at http://hdl.handle.net/2292/25006. 

4.3.2 Randomisation   

For the overall randomised controlled trial (pre-hPOD), eligible babies for whom consent had been obtained 

were randomised within the first hour after birth using to one of eight treatment arms using computer-

generated blocked randomisation.  Allocation was to either 40% dextrose or placebo gel and to one of the 

following dose regimes: 0.5 ml/kg once, 1 ml/kg once, 0.5 ml/kg for 4 doses, 1 ml/kg once followed by 0.5 

ml/kg for a further 3 doses.  Research staff entered demographic and entry criteria data into an online 

http://hdl.handle.net/2292/25006
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randomisation website that provided a number corresponding to a numbered trial pack which contained either 

a single 5ml pre-filled syringe of either 40% dextrose gel or an identical appearing placebo (2% 

hydroxymethylcellulose), or four numbered syringes of gel (1 x 5 ml and 3 x 2.5ml, all containing either 

dextrose or placebo gel).  Further details of the randomisation process are available in the pre-hPOD article 

(Chapter 3).  Clinicians, families and all study investigators were masked to group allocation throughout the 

study and remain so for planned follow-up.  Babies were randomised as part of the overall trial independent of 

whether or not they consented to continuous glucose monitoring. 

4.3.3 Interventions 

Study gel of 40% dextrose or placebo was massaged into the buccal mucosa, either once at 1 hour of age 

(0.5 ml/kg or 1 ml/kg) or an additional 3 times (0.5 ml/kg) before feeds in the first 12 hours, with gel given no 

more frequently than 3 hourly. Each dose of gel was followed by a breastfeed.   

4.3.4 Interstitial Glucose Measurements 

Babies whose parent(s) gave consent to continuous glucose monitoring had a glucose oxidase continuous 

glucose monitoring sensor (Enlite™, Medtronic MiniMed, Northridge, California, USA) inserted 

subcutaneously into the lateral aspect of the thigh, using a spring-loaded insertion device (Serter™, Medtronic 

MiniMed, Northridge, California, USA).  Sensors were inserted as soon as possible after, and within 1 hour of, 

birth by a member of the research team. The sensor was secured with a clear adhesive dressing and a 

continuous glucose monitor (iPRO2
®
, Medtronic MiniMed, Northridge, California, USA) was attached after a 

period of ≥ 5 minutes of sensor ‘hydrating’.  Connection of monitor to sensor and sensor hydration was 

confirmed by noting the monitor flashing activation light.  Both sensor and monitor were secured using a 

second clear adhesive dressing.   

Interstitial glucose concentrations cannot be viewed on this monitor in real time and therefore were not 

available to parents, clinicians or research staff and had no influence on clinical management.  The sensors 

remained in situ for at least 48 hours, were calibrated at least twice a day and data were downloaded at the 

end of the study period using the continuous glucose monitoring software package (CareLink iPRO2
®
  

software, Medtronic MiniMed, Northridge, California, USA). 
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4.3.5 Intermittent Blood Glucose Measurements 

We measured blood glucose concentrations first at 2 hours after birth.  Subsequent blood glucose 

measurement was according to local hospital protocol, with pre-feed blood glucose measurements 2 to 4 

hourly for at least the first 12 hours, and until there were 3 consecutive blood glucose concentrations of ≥ 2.6 

mM.  Babies who developed hypoglycaemia were managed by the hospital clinical team according to the 

standard clinical practice at each site, including treatment with 40% dextrose gel, supplementation with 

formula and admission to NICU for intravenous dextrose if required. 

All intermittent blood glucose concentrations were analysed by the glucose oxidase method, either with a 

portable blood glucose analyser (i-STAT
®
, Abbott Laboratories, Abbott Park, Illinois, USA) or a combined 

metabolite/blood gas analyser (e.g. ABL 700, Radiometer Ltd, Copenhagen, Denmark).  

4.3.6 Data collection 

We collected data prospectively for all blood glucose measurements and for any clinical intervention to treat 

hypoglycaemia during initial admission.   

4.3.7 Outcome definitions 

A single episode of low interstitial glucose concentration was defined as two or more consecutive interstitial 

glucose concentrations of < 2.6 mM i.e. ≥ 10 minutes in the first 48 hours after birth.  A hypoglycaemic 

episode was defined as one or consecutive blood glucose measurements of < 2.6 mM in the first 48 hours 

after birth.  Additional analysis was planned for duration of interstitial glucose concentrations between 3 mM 

and 4 mM and for the incidence of episodes of high glucose (> 10 mM by blood or interstitial measurement), 

and severe low glucose (< 2.0 mM). 

4.4 Statistical analysis  

Data from the interstitial glucose monitors were downloaded using the Carelink iPRO2
®
 software version 1.0 

(ipro.medtronic.com) and recalibrated to adjust for ‘lag time’ and maximise accuracy during episodes of low 



 

96 

blood glucose concentration (Signal et al., 2012).  Data for the continuous glucose monitoring study were 

analysed using JMP software version 10.0 (SAS Institute Inc., Cary, North Carolina, USA) and are presented 

as mean (SD) or median (range). 

4.5 Results 

Of the 415 babies recruited to the overall pre-hPOD randomised controlled trial between 7
th
 August 2013 and 

4
th
 November 2014, parents of 138 babies (33%) consented to continuous glucose monitoring and 138 babies 

had a continuous glucose monitoring sensor sited and monitor attached (Figure 4.1).  Five babies had no data 

recorded on the continuous glucose monitor and therefore are not included in the analysis of interstitial 

glucose monitoring.  This chapter contains preliminary description of the cohort of babies who underwent 

continuous glucose monitoring, but outcome data are not yet available.  
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Figure 4.1  CONSORT diagram for continuous glucose monitoring cohort of pre-hPOD trial 
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4.5.1 Baseline details 

Demographic and baseline characteristics were similar for all randomisation groups in the overall trial and are 

reported previously (Chapter 3). 

Mothers of babies who had a continuous glucose monitor inserted were less likely to have gestational 

diabetes than those whose babies did not have continuous glucose monitoring (Table 4.1).  They were also 

more likely to be of Pacific and less likely to be of Chinese or Indian ethnic background. Although there was 

no significant difference in parity between mothers whose babies did and did not have continuous glucose 

monitoring, there were no primiparous mothers in the group whose babies who had continuous glucose 

monitoring.   

Demographic and baseline characteristics for those babies participating in the continuous glucose monitoring 

study were also similar for all treatment groups (Table 4.1).  The median (range) birthweight was 3062 (2290, 

5255)g and gestational age 38 (35, 41) weeks; 87/133 babies (65%) were infants of diabetics, and 64/133 

(49%) were born by caesarean delivery.  Primary risk factors for hypoglycaemia were similar across all 

treatment groups.  Overall 10/133 (8%) of babies were admitted to NICU, 6/10 for hypoglycaemia, 3/10 for 

respiratory distress and 1/10 for seizures not related to hypoglycaemia.  Eight babies (8/133, 6%) received 

intravenous dextrose following admission to NICU.  Formula was given to 75/133 (56%) babies during 

admission, with the median (range) number of formula feeds 16 (1, 78) for babies given formula.  At discharge 

from hospital 90/133 (68%) of babies were fully or exclusively breastfeeding.  Treatment allocation was well 

concealed, with 20/88 (23%) of mothers whose babies were allocated to dextrose and 15/41 (37%) of those 

allocated to placebo reporting that they thought their baby received dextrose gel.  There were no differences 

in the baseline variables of babies who did or did not undergo continuous glucose monitoring, with similar 

median birthweight, gestational age and primary risk factor for neonatal hypoglycaemia (Table 4.1).  
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Table 4.1  Baseline demographics and characteristics for mothers and babies who underwent continuous glucose monitoring as part of the pre-hPOD study randomised to 

different doses of gel, and comparison with mothers and babies who did not have continuous glucose monitoring. 

 With Continuous Glucose Monitoring 
No Continuous 

Glucose Monitoring 

 Single Dose Multiple Dose 
P for 

comparison 
across gel 

dose 
groups 

Any 
dose of 
placebo 

gel 

Any 
dose of 

dextrose 
gel 

P for 
comparison 

between 
placebo 

and 
dextrose 

gel groups 

Total Total 

P for 
comparison 

between 
those with 

and without 
CGM 

 Placebo 
Dextrose 
0.5ml/kg 

Dextrose 
1ml/kg 

Placebo 
Dextrose  
0.5ml/kg  

x 4 

Dextrose 
1ml/kg x 

1 
0.5ml/kg  

x 3 

Mothers 
      

 
  

 
  

 

Number 18 23 19 23 18 29  41 88  129 282  

Maternal age 
(years) 

36 
(20, 45) 

35 
(22, 41) 

32 
(21, 50) 

31 
(17, 44) 

31 
(21, 42) 

34 
(19, 41) 

P = 0.12 
32 

(17, 45) 
32 

(19, 50) 
P = 0.72 

32 
(17, 50) 

32 
(17, 49) 

P = 0.58 

Parity 2 (1, 5) 2 (1, 5) 1 (1, 5) 2 (1, 3) 2 (1, 10) 2 (1, 8) P = 0.57 2 (1, 5) 2 (1, 10) P = 0.72 2 (1,10) 2 (0, 8) P = 0.19 

Weight at booking 
(kg)  

73 
(45,146) 

83 
(49, 140) 

72 
(48, 200) 

63 
(42,148) 

69 
(53, 156) 

71 
(46, 164) 

P = 0.47 
70 

(42,148) 
74 

(46, 200) 
P = 0.13 

72 
(42,200) 

70 
(44,170) 

P = 0.51 

Diabetic 
      

P = 0.60 
  

P = 0.70 
  

P = 0.03 

Type 1 Diabetes 1 (6) 1 (4) 0 1 (4) 1 (6) 2 (7)  2 (5) 4 (5)  5 (5) 12 (4)  

Type 2 Diabetes 2 (11) 1 (4) 5 (26) 0 2 (11) 2 (7)  2 (5) 10 (11)  12 (9) 12 (4)  

Gestational 
Diabetes 

10 (55) 12 (52) 7 (37) 13 (57) 11 (61) 15 (54)  23 (56) 45 (51)  68 (53) 190 (68)  

Insulin therapy 9 (50) 11 (48) 11 (58) 9 (39) 11 (61) 11 (39) P = 0.61 18 (44) 44 (50) P = 0.57 62 (48) 151 (54) P = 0.34 

Pre-eclampsia 3 (17) 3 (13) 0 0 0 2 (7) P = 0.10 3 (7) 5 (6) P = 0.71 8 (6) 7 (3) P = 0.09 

Hypertension  1 (6) 5 (22) 1 (5) 2 (9) 1 (6) 6 (21) P = 0.25 3 (7) 13 (15) P = 0.28 16 (12) 26 (9) P = 0.38 

Prioritised 
Ethnicity       

P = 0.71 
  

 
  

P = 0.03 

Māori 1 (6) 3 (13) 3 (16) 4 (17) 0 3 (11)  5 (12) 9 (10) P = 0.18 14 (11) 28 (10)  

Pacific 3 (17) 7 (30) 5 (26) 3 (13) 5 (28) 6 (21)  6 (15) 23 (26)  29 (22) 37 (12)  
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Chinese 1 (6) 0 3 (16) 3 (13) 2 (11) 2 (7)  4 (10) 7 (8)  11 (9) 33 (12)  

Indian 3 (17) 1 (4) 1 (5) 3 (13) 1 (6) 1 (4)  6 (15) 4 (5)  10 (8) 52 (18)  

Other 5 (28) 7 (30) 2 (11) 7 (30) 4 (22) 5 (18)  12 (29) 18 (20)  30 (23) 54 (19)  

NZ European 5 (28) 5 (22) 5 (26) 3 (13) 6 (33) 11 (39)  8 (20) 27 (31)  35 (27) 78 (28)  

Babies 
      

 
  

 
  

 

Number 18 24 22 23 18 28  41 92  133 282  

Female 8 (44) 13 (54) 10 (45) 13 (57) 10 (56) 11 (39) P = 0.79 21 (51) 44 (48) P = 0.85 63 (49) 137 (49) P = 1.00 

Birthweight (g) 
3220 

(2490, 
4730) 

2932 
(2290, 
4580) 

2968 
(2375, 
4430) 

3390 
(2290, 
4410) 

3305 
(2320, 
4290) 

3100 
(2380, 
5255) 

P = 0.58 
3285 

(2290, 
4730) 

3062 
(2290, 
5255) 

P = 0.13 
3153 

(2290, 
5255) 

3210 
(2200, 
5190) 

P = 0.84 

Birthweight  
z-score 

0.30 
(1.50) 

0.01 
(1.43) 

0.17 
(1.29) 

0.40 
(1.46) 

0.40 
(1.32) 

-0.01 
(1.19) 

P = 0.85 
0.36 

(1.46) 
0.12 

(1.30) 
P = 0.39 

0.21 
(1.33) 

0.11 
(1.26) 

P = 0.45 

Gestation (weeks) 
38 

(37, 40) 
38 

(35, 40) 
38 

(35, 39) 
38 

(35, 40) 
38 

(35, 40) 
38 

(36, 41) 
P = 0.30 

38 
(35, 40) 

38 
(35, 41) 

P = 0.05 
38 

(35, 41) 
38 

(35, 42) 
P = 1.00 

Singleton birth 17 (94) 21 (88) 16 (73) 22 (96) 17 (94) 26 (93) P = 0.11 39 (95) 80 (87) P = 0.22 119 (89) 265 (94) P = 0.16 

Caesarean birth  10 (55) 11 (46) 9 (40) 14 (60) 6 (33) 14 (49) P = 0.61 24 (59) 40 (43) P = 0.13 64 (49) 135 (48) P = 0.55 

Apgar score of <5 
at 5 minutes 

2 (11) 0 0 0 0 0 P = 0.02 2 (5) 0 P = 0.09 2 (2) 0 P = 0.10 

Primary risk factor 
for hypoglycaemia       

P = 0.67 
  

P = 0.05 
  

P = 0.15 

Infant of diabetic 
mother 

13 (72) 14 (58) 13 (59) 14 (61) 14 (78) 19 (68)  27 (66) 60 (65)  87 (65) 214 (76)  

Late preterm  0 4 (17) 2 (9) 1 (4) 1 (6) 3 (10)  1 (2) 10 (11)  11 (8) 16 (6)  

Small  2 (11) 5 (21) 5 (23) 3 (13) 2 (11) 4 (13)  5 (12) 16 (17)  21 (16) 28 (10)  

Large 3 (17) 1 (4) 2 (9) 5 (22) 1 (6) 2 (6)  8 (20) 6 (7)  14 (11) 24 (9)  

Data are n (%), mean (SD) or median (range).  *There are 4 mothers of twins.  CGM = continuous glucose monitoring.
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4.5.2 Compliance 

Six babies (6/133, 5%) were withdrawn from the trial by parents after randomisation.  Withdrawal rates were 

similar for those randomised to dextrose and placebo (3/92, 4% vs 3/41, 7%, P = 0.4) and were not increased 

in those who had continuous glucose monitoring compared to those without continuous glucose monitoring in 

the overall pre-hPOD trial (6/133, 5% vs 17/277, 6%, P = 0.8).  For the continuous glucose monitoring cohort, 

the reasons for withdrawal were related to blood sampling (2/6), early discharge before 48h (2/6) and other 

(2/6), but none were related to continuous glucose monitoring. 

4.5.3 Adverse events 

One baby had seizures, without hypoglycaemia that were not related to the trial interventions.  There were no 

neonatal or infant deaths.  No babies had hyperglycaemia, systemic sepsis or a first episode of 

hypoglycaemia beyond 48 hours.  There were no complications related to continuous glucose monitor use.  

Specifically there was no documented oedema, bruising or infection at any insertion site.  All continuous 

glucose monitors remained in-situ for the 48 hour monitoring period until removed by staff, with the exception 

of one baby with a thick vernix layer, in whom the adherent dressing failed to secure the continuous glucose 

monitoring sensor and monitor (this was one of the 5 continuous glucose monitors with no data at download). 

4.6 Discussion 

The subgroup of babies who underwent continuous glucose monitoring were similar in baseline characteristics 

to those who did not, with the exceptions of fewer gestational diabetic mothers in the continuous glucose 

monitoring cohort and a different maternal ethnic profile for each cohort, with more Pacific mothers and fewer 

Indian mothers in the continuous glucose monitoring cohort.  However, the results of the continuous glucose 

monitoring analysis are likely to remain important and generalisable to the whole cohort, as the incidence of 

neonatal hypoglycaemia is the same for infants of all types of diabetics (Harris et al., 2012).  Furthermore, 

although diabetes in pregnancy is more prevalent in some ethnic groups (Pu et al., 2015; Spanakis & Golden, 

2013) it is likely to be the presence of diabetes, rather than the maternal ethnicity that affects the incidence of 

neonatal hypoglycaemia.  
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It was disappointing to only obtain consent for insertion of continuous glucose monitor sensors in 138 babies 

of the 415 randomised to pre-hPOD, and then to not have data at download for 5/138 (4%) of the continuous 

glucose monitors inserted.  However, many first time mothers felt that the insertion and on going presence of 

a continuous glucose monitor, which would not immediately benefit their baby as the data was blinded, would 

affect the care of their baby in her/his first few days after birth.  As many women were only made aware of the 

need for routine blood glucose monitoring late in pregnancy, the addition of a continuous glucose monitor was 

for many, too much to consent to.  We made a pragmatic decision during the trial planning to allow women to 

consent for their baby to participate in the trial but to decline the continuous glucose monitoring part of the 

trial.  This decision was partly in order to maximise our recruiting overall, and also to complete recruitment to 

the dosage trial with minimal delays, in order to begin the main-hPOD trial (Chapter 5). 

Data from the continuous glucose monitors were downloaded following removal of the subcutaneous sensor, 

transferred to the secure trial database and cleaned.  This included double checking of all intermittent blood 

glucose concentrations entered into the software programme for calibration, to ensure accuracy of results 

(e.g. confirmation of glucose oxidase method of analysis, correct date, time and result of sample against 

original hospital electronic data record and removal of any non-glucose oxidase method blood glucose 

concentration samples).  Although timing errors cause little effect in accuracy of interstitial glucose 

concentration, errors in measurement – either inaccurately entered, or undertaken with an inaccurate method 

- cause significant inaccuracy of the interstitial data (Thomas et al., 2014).  Data were recalibrated using a 

previously reported algorithm (Signal et al., 2012) that adjusts for delay between interstitial glucose 

concentration and matching blood glucose concentration (‘lag time’) and optimises the results during periods 

of low blood glucose concentration.  In particular, the commercially available algorithm does not allow for 

measurements below 2.2mmol/l.  Further, the recalibration accounts for the increased accuracy when 

calibration samples are analysed using the glucose oxidase method, as most manufacturers’ factory 

calibration algorithms assume use of non-glucose oxidase method and adjust for the decreased accuracy 

accordingly (Signal et al., 2012).   

A detailed analysis plan was created to explore various measures of glycaemic variability.  Data for the 

interstitial glucose analysis are not yet available.  However, interpretation of these data and in particular 

assessment of the changes in interstitial glucose concentrations following single and multiple doses of 

dextrose gel will be an important addition to our understanding of the effect of different doses of prophylactic 
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oral dextrose gel on glucose concentrations.  Even a single episode of transient neonatal hypoglycaemia 

(measured by intermittent blood glucose analysis) is associated with a nearly 50% reduction in academic 

achievement in childhood (Kaiser et al., 2015) and babies with higher variability in their interstitial glucose 

concentrations (both high and low glucose concentrations) have lower scores in neurodevelopmental 

assessment at age 2 years (McKinlay et al., 2015).  Therefore, it is important to know whether preventing both 

the clinically recognised (intermittent blood glucose) and the unrecognised (interstitial glucose) episodes of 

low glucose concentrations have any effect on longer-term outcomes.   The continuous glucose monitoring 

data from this cohort, although small in number, will be the first interstitial glucose analysis during the use of 

prophylactic oral dextrose for prevention of hypoglycaemia and the babies who participated in the continuous 

glucose monitoring cohort will be followed up and undergo detailed neurodevelopmental assessment as part 

of the hPOD Follow-Up Study (Chapter 6). 

Our aim was to collect detailed data on the interstitial glucose concentration and compare this between the 

eight randomisation groups.  We were interested in the effect each dose regime might have on the glycaemic 

variability during the first 48 hours after birth. Furthermore, if there was any increase in interstitial glucose 

concentration in response to a particular dose regime of dextrose gel, we wanted to determine how long this 

lasted and to whether there was any evidence rebound low glucose concentration; a potential risk if the gel 

stimulated inappropriate insulin secretion.  These data are not available with the current standard intermittent 

blood glucose monitoring and might add valuable information before the introduction of oral dextrose gel for 

prophylaxis into standard clinical practice.  

It is possible that we may find that the number of episodes of low interstitial glucose concentration are not 

different between the randomisation groups, even though we found that the dextrose gel reduced the 

incidence of neonatal hypoglycaemia (Chapter 3).  As there are currently limited data on the effect of low 

interstitial glucose concentrations on long-term outcome, determining the incidence of interstitial low glucose 

concentration in this cohort and including this in the outcome analysis of the cohort who are being followed up 

at 2 years (Chapter 6) will be an important addition to the current knowledge.  If we were to find that children 

who had low interstitial glucose concentrations in the neonatal period had increased neurosensory impairment 

in childhood, we would then need to further consider the use of unblinded continuous glucose monitoring of at 

risk neonates and the treatment of low interstitial glucose concentration. 
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However, it is also possible that we might find that the babies who had dextrose gel had higher interstitial 

glucose concentrations.  This has the potential to be a concerning finding following the recent report of the 

association between increased neurosensory impairment and higher interstitial glucose concentrations in the 

first 48 hours in a cohort of children who were at risk of neonatal hypoglycaemia (McKinlay et al., 2015). 

Furthermore, this association was most marked in children who had hypoglycaemia treated with oral or 

intravenous dextrose.  Only a small number (8 babies) of the continuous glucose monitoring cohort in our 

study were admitted to NICU and received intravenous dextrose, and so although the data will be restricted by 

the small number, this exploratory data will be an important addition to the current knowledge. Interstitial 

glucose monitoring will help  us understand whether or not dextrose gel helped maintain more stable glucose 

concentrations, with fewer low or high glucose concentrations; patterns which might not be detected by the 

current intermittent monitoring of blood glucose concentrations.   

Finally, as we consider the next steps in determining how best to manage neonatal hypoglycaemia, the pre-

hPOD continuous glucose monitoring data and the neurodevelopmental follow-up of the cohort may help us to 

determine thresholds and timing that we might select for intervention. 
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5.1 Abstract 

Background:  Neonatal hypoglycaemia is common, affecting up to 15% of newborn babies and 50% of those 

with risk factors (preterm, infant of a diabetic, high or low birthweight).  Hypoglycaemia can cause brain 

damage and death, and babies born at risk have an increased risk of developmental delay in later life.   

Treatment of hypoglycaemia usually involves additional feeding, often with infant formula, and admission to 

Neonatal Intensive Care for intravenous dextrose.  This can be costly and inhibit the establishment of 

breastfeeding.   

Prevention of neonatal hypoglycaemia would be desirable, but there are currently no strategies, beyond early 

feeding, for prevention of neonatal hypoglycaemia.  Buccal dextrose gel is safe and effective in treatment of 

hypoglycaemia.  The aim of this trial is to determine whether 40% dextrose gel given to babies at risk prevents 

neonatal hypoglycaemia and hence reduces admission to Neonatal Intensive Care. 

Methods/design: 

Design: Randomised, multicentre, placebo controlled trial.   

Inclusion criteria: Babies at risk of hypoglycaemia (preterm, infant of a diabetic, small or large), less than 1 

hour old, with no apparent indication for Neonatal Intensive Care admission and mother intends to breastfeed. 

Trial entry & randomisation: Eligible babies of consenting parents will be allocated by online randomisation 

to the dextrose gel group or placebo group, using a study number and corresponding trial intervention pack. 

Study groups: Babies will receive a single dose of 0.5 ml/kg study gel at 1 hour after birth; either 40% 

dextrose gel (200 mg/kg) or 2% hydroxymethylcellulose placebo.  Gel will be massaged into the buccal 

mucosal and followed by a breast feed. 

Primary study outcome:  Admission to Neonatal Intensive Care. 

Sample size: 2,129 babies are required to detect a decrease in admission to Neonatal Intensive Care from 

10% to 6% (two-sided alpha 0.05, 90% power, 5% drop-out rate). 
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Discussion:  This study will investigate whether admission to Neonatal Intensive Care can be prevented by 

prophylactic oral dextrose gel; a simple, cheap and painless intervention that requires no special expertise or 

equipment and hence is applicable in almost any birth setting. 

Trial registration:  Australian New Zealand Clinical Trials Registry - ACTRN 12614001263684   

Keywords:  Hypoglycaemia, Oral dextrose gel; Neonate, Randomised controlled trial. 

5.2 Background 

5.2.1 Significance of the project 

Neonatal hypoglycaemia is common in the first few days after birth.  Up to 15% of normal newborn babies will 

have low blood glucose concentrations (Hay et al., 2009).  However, the incidence in babies who have risk 

factors is much greater: up to 50% in infants of diabetic mothers (Maayan-Metzger et al., 2009), large and 

small babies (Harris et al., 2012) and 66% in preterm babies (Lucas, Morley, & Cole, 1998).  

Glucose is the primary energy source for the brain, and neonatal hypoglycaemia is associated with brain 

damage and death (Burns et al., 2008; Duvanel et al., 1999; Lucas et al., 1988).  Babies born at risk for 

neonatal hypoglycaemia have an increased risk of developmental delay in later life (Leitner et al., 2007; 

Silverman et al., 1991; Stenninger et al., 1998; Woythaler et al., 2011).  Indeed, it has been reported that 

neonatal hypoglycaemia is the only neonatal morbidity independently associated with later developmental 

delay in late preterm babies (Kerstjens et al., 2012).  While it is uncertain what degree or duration of 

hypoglycaemia is necessary before morbidity occurs, it is known that even babies without symptoms can have 

adverse outcomes (Duvanel et al., 1999; Lucas et al., 1988).  Thus hypoglycaemia is common and the only 

readily preventable cause of brain damage in the newborn. 

5.2.2 Standard management 

Blood glucose concentrations normally fall in the first 1-2 hours after birth, and then begin to rise again as 

babies mobilise their body stores of fat and glycogen and begin to feed.  In some babies, this physiological fall 
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in blood glucose concentration may persist and, if untreated, potentially may cause permanent brain damage.  

Since hypoglycaemia is often asymptomatic, the recommended approach is to monitor blood glucose 

concentrations in all babies at risk, usually by repeated heel-prick blood samples, commonly 4 hourly, in the 

first 1 to 2 days (Adamkin, 2011; Canadian Pediatric Society Fetal and Newborn Committee, 2004).  This is 

painful for the baby and distressing for all concerned.  

It is generally accepted that blood glucose concentrations < 2.6mM require treatment (Cornblath & Ichord, 

2000; Koh, Aynsley-Green, et al., 1988; Lucas et al., 1988).  Standard management of babies in whom low 

glucose concentrations are detected is to minimise the duration of hypoglycaemia and ensure the glucose is 

‘normalised’ as quickly as possible (Duvanel et al., 1999; Rozance & Hay, 2006).  This commonly requires 

admission to Neonatal Intensive Care Unit (NICU) for intravenous glucose, separating mother and baby and 

delaying the establishment of breastfeeding as well as incurring high healthcare costs.  

The American Academy of Pediatrics advises early identification of the at-risk baby and institution of 

prophylactic measures to prevent neonatal hypoglycaemia (Adamkin, 2011).  This is commonly achieved by 

early feeding, often with supplemental formula milk (Adamkin, 2011; Harris et al., 2012).  However, 

supplementing with formula milk has been shown to reduce longer-term breastfeeding rates (Blomquist et al., 

1994).  Furthermore, there are both human and experimental data indicating that supplementation of 

newborns in the first two weeks may have long-term effects on metabolic outcomes.  Even brief periods of 

nutritional supplementation in preterm babies result in altered control of blood pressure and insulin regulation 

in adolescence (Singhal et al., 2001; Singhal et al., 2002).  Thus, interventions that prevent hypoglycaemia 

without supplemental, artificial feeds may help maintain breastfeeding and also have benefits for both 

neurodevelopmental and metabolic outcomes. 

5.2.3 Recent advances 

5.2.3.1 Oral dextrose gel 

Harris et al. demonstrated that treatment of neonatal hypoglycaemia with oral dextrose gel was more effective 

than feeding alone in reversing the hypoglycaemia, and also reduced the rate of NICU admission for this 
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problem and reduced the rate of formula feeding at two weeks of age (Harris et al., 2013).  Importantly, the gel 

was well-tolerated, cheap, simple and safe to administer, and was acceptable to families and caregivers.   

5.3 Aim 

We therefore propose a randomised controlled trial to determine if prophylactic oral dextrose gel given to 

newborns at risk prevents neonatal hypoglycaemia and thus reduces NICU admission, improves 

breastfeeding rates and reduces costs as well as potentially reducing the risk of later adverse outcomes. 

5.4 Hypothesis 

The primary hypothesis of this study is that, compared to placebo and standard care, prophylactic 40% oral 

dextrose gel given to babies at risk of hypoglycaemia (infant of diabetic mother, preterm, large or small for 

dates, or other) reduces admission to the Neonatal Intensive Care Unit. 

5.5 Methods/design 

5.5.1 Ethics 

Ethics approval has been obtained from the Health and Disability Ethics Committees of New Zealand (ethics 

reference 13/NTA/8) and by the local institutional research review committees for each centre, Auckland 

District Health Board Research Office and Waitemata District Board Research Office.  The ethics committee is 

notified of any amendments to the study protocol. 

5.5.2 Study design 

A multicentre, randomised, placebo controlled trial comparing 40% dextrose gel with placebo to prevent 

hypoglycaemia in the first 48 hours in babies born at risk.  
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5.5.3 Study population  

5.5.3.1 Inclusion criteria 

Babies born at risk of hypoglycaemia, defined as satisfying at least ONE of the following: 

1. Infants of diabetic mothers (any type of diabetes) 

2. Preterm (< 37 weeks’ gestation) 

3. Small (< 2.5 kg or < 10th centile on population or customised birthweight chart) 

4. Large (> 4.5 kg or > 90th centile on population or customised birthweight chart) 

AND satisfy ALL of the following:  

1. ≥ 35 weeks’ gestation  

2. Birth-weight ≥ 2.2 kg 

3. < 1 hour old 

4. No apparent indication for NICU admission at time of randomisation 

5. Unlikely to require admission to NICU for any other reasons e.g. respiratory distress 

6. Mother intending to breast-feed 

5.5.3.2 Exclusion criteria 

1. Major congenital abnormality 

2. Previous formula feed or intravenous fluids 

3. Previous diagnosis of hypoglycaemia 

4. Admitted to NICU 

5. Imminent admission to NICU. 
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5.5.4 Primary outcome 

Admission to NICU. 

This is defined as admission to NICU (or Special Care Baby Unit (SCBU) for the hospitals which use that 

name) for > 4 hours.  (Australian and New Zealand Neonatal Network, 2015) 

5.5.5 Secondary Outcomes 

1. Hypoglycaemia (any blood glucose concentration < 2.6 mM in the first 48 hours); 

2. Admission to NICU for hypoglycaemia; 

3. Hyperglycaemia (any blood glucose concentration > 10 mM); 

4. Breastfeeding at discharge from hospital (full or exclusive); 

5. Received any formula prior to discharge from hospital; 

6. Formula feeding at 6 weeks of age; 

7. Cost of care until primary discharge home; 

8. Maternal satisfaction (via telephone questionnaire at 6 weeks); 

9. Neurosensory disability at 2 years’ corrected age (any of: legal blindness; sensorineural deafness 

requiring hearing aids; cerebral palsy; Bayley Scale of Infant Development Version III cognitive, 

language or motor score lower than one standard deviation below the mean).   

5.5.6 Trial entry 

5.5.6.1 Informed consent 

Parents of babies who are likely to become eligible (maternal diabetes, likely late preterm birth, or anticipated 

high or low birth weight) will be identified through lead maternity carers and antenatal clinics and provided with 

an information sheet as early as is feasible.  Written informed consent will normally be obtained before the 

birth.   
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5.5.6.2 Randomisation 

Eligible babies for whom consent has been obtained will be enrolled and randomised immediately after birth. 

Babies will be assigned randomly via an internet randomisation service to the dextrose or placebo group with 

priority stratification for collaborating centre and risk factor (i.e. maternal diabetes, preterm, small or large).   

5.5.6.3 Discontinuation of randomised treatment  

The allocated treatment can be stopped at any time at the request of the parents, or by the neonatologist 

caring for the baby if (s)he feels that stopping the treatment would be in the best interest of the baby.  The 

baby will still be followed up and analysed according to the intention-to-treat principle. 

5.5.7 Study groups 

The study intervention drug (both dextrose gel and placebo) will be supplied by Biomed Ltd (Auckland, New 

Zealand) in identically labelled, pre-filled syringes of either 40% dextrose gel or identical appearing 2% 

hydroxymethylcellulose placebo gel in individually pre-labelled trial packs.  Each participating centre will have 

a supply of study packs held in a medications fridge.  The staff member randomising the baby will receive a 

study number corresponding to a pre-labelled study pack, and also supply the volume of gel (0.5 ml/kg) to be 

administered.  The inside of the baby’s cheek will be dried with a gauze swab, and the study gel massaged 

into the buccal mucosa at one hour after birth. 

In order to determine the most effective dose in prevention of neonatal hypoglycaemia, we undertook a 

dosage trial (registered with the Australian New Zealand Clinical Trials Registry ACTRN12613000322730).  

The dose selected of 0.5 ml/kg (200 mg/kg) 40% dextrose gel at 1 hour of age had maximal efficacy in 

prevention of hypoglycaemia, with the fewest limitations (i.e. was easy to administer, well tolerated and with 

minimal additional workload or financial cost). 
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5.5.8 Blood glucose analysis  

The initial blood glucose concentration will be measured at 2 hours, as is common practice.  Subsequent 

management will be according to hospital standard practices.  All blood glucose concentrations will be 

analysed by the gold standard glucose oxidase method, either with a portable blood glucose analyser (e.g. i-

STAT
®
, Abbott Laboratories, Abbott Park, Illinois, USA) or a combined metabolite/blood gas analyser (e.g. 

ABL 700, Radiometer Ltd, Copenhagen, Denmark).   

5.5.9 Follow-up after birth until time of discharge from hospital 

5.5.9.1 Surveillance 

Babies will be monitored according to routine clinical practice.  This includes pre-feed blood glucose 

measurements (taken before administration of the dextrose gel) 2 to 4 hourly for at least the first 12 hours, 

and until there have been 3 consecutive measurements > 2.6 mM.  If the baby becomes hypoglycaemic 

(blood glucose concentration < 2.6 mM) then the hospital protocol will be followed for management of 

hypoglycaemia, including the administration of treatment dextrose gel and supplementary feeds if relevant.  

We will monitor for serious adverse events (seizures and death) and other adverse events; hyperglycaemia 

(as above), late hypoglycaemia (blood glucose concentration < 2.6 mM for the first time after 12 hours of age), 

delayed feeding (failure to establish breastfeeding without supplements by the end of day 3) and systemic 

sepsis (Australian and New Zealand Neonatal Network, 2015). 

5.5.9.2 Follow-up after primary hospitalisation 

Parent(s) of participants will be contacted on day 3 (if already discharged home) and 6 weeks after birth to 

complete a telephone questionnaire.  This will include details of the current feeding regime, and at 6 weeks, 

parental satisfaction with participation in the trial and health status of the baby.  We will maintain contact with 

babies and their families.  At 2 years’ corrected age all families will be contacted to arrange a developmental 

assessment to investigate longer-term outcomes.  We will provide results when available to those who have 

informed us that they wish to be made aware of the outcome of the trial. 
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5.6 Data analysis  

The primary outcome of NICU admission will be analysed by logistic regression, stratifying by collaborating 

centre.  Secondary analyses will adjust for potentially confounding variables:  reason for risk of hypoglycaemia 

(infant of diabetic, late preterm, small or large), sex, gestational age, and mode of birth (vaginal vs caesarean 

section).  Continuous data will be compared by Student’s t test, or the Mann-Whitney U test if the data are not 

normally distributed and cannot be converted to near-normality by simple transformation.  Data with repeated 

points, such as blood glucose concentrations, will be compared using mixed model techniques, modelling the 

main effect of treatment group allocation, time and their interaction, with significant main effects and 

interactions tested using the method of Tukey.  All tests will be two-tailed, with P < 0.05 considered significant.  

The data will be analysed on an intention-to-treat basis, and any baby who dies or for whom the primary 

outcome of NICU admission cannot be determined will be assigned the worst case outcome of NICU 

admission.   

5.7 Economic evaluation 

The cost-effectiveness of oral dextrose gel to prevent neonatal hypoglycaemia will be compared with usual 

care (no prophylaxis) within the period to discharge. 

Intervention costs: A per-baby cost of dextrose gel will be based on the cost of the gel syringes and 

dispensing costs.  For the no prophylaxis option, a zero intervention cost will be assumed. 

Other Hospital Costs: Resource utilisation will be obtained from a clinical record form identifying both length of 

stay (LOS) and relevant Diagnostic Related Group (DRG) code for the mother, plus any subsequent operative 

procedure (DRG), respiratory problem requiring treatment (DRG), and NICU admission for the baby (plus 

LOS).  Costs will be assessed using New Zealand Ministry of Health cost weights and purchase unit prices.  

For the no prophylaxis option, the costs from the placebo gel arm will be used.   

Cost-effectiveness will be assessed using incremental cost-effectiveness ratios (ICERs) formed in terms of an 

incremental cost per case of hypoglycaemia avoided.  Uncertainty in these figures will be assessed using non-

parametric bootstrapping (sampling with replacement) to form a distribution for the ICER, potentially including 
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corrections for any differences in the composition of the trial arms in any confounding factors.  This analysis 

will be presented using cost-effectiveness acceptability curves that identify the likelihood of each option being 

cost-effective for different values attached to reducing a case of hypoglycaemia. 

5.8 Power and Sample Size 

Based on data from Auckland City Hospital and Waikato Hospital, 10% of at-risk babies will require admission 

to NICU.  A trial of 2,129 babies (1,014 in each arm, with continuity correction and allowing for 5% drop-out 

rate), will have 90% power to detect a 40% relative reduction (absolute reduction of 4%) in admission to NICU 

from 10% to 6% with two-sided alpha of 0.05. 

Should this study show that dextrose gel is effective at preventing NICU admission, it will be critical to find out 

if this also improves long-term outcomes for babies.  A sample size of 2,014 babies would allow us to detect a 

reduction in the number of children with one or more low developmental scores (< 1SD below the mean) on a 

Bayley Infant Scales of Development Edition III assessment at 2 years from 40% to 33%.  

5.9 Discussion 

This study is the first to investigate whether neonatal hypoglycaemia and admission to NICU can be 

prevented by oral dextrose gel, a simple, cheap and painless intervention.  This intervention requires no 

special expertise or equipment and hence is applicable in almost any birth setting.  Reduction of admission to 

NICU will reduce separation of mother and baby, and may improve breastfeeding rates and reduce financial 

cost.  
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6 Follow-up at age 2 years (hPOD-FU@2Y) 

6.1 Overview 

This chapter contains the methods for follow-up assessment at age 2 years for those children who 

participated in the hypoglycaemia Prevention with Oral Dextrose (pre-hPOD) trial.  It includes a summary of 

the baseline demographics for the first 100 children assessed. 

6.2 Background 

We initially intended to follow-up only participants of the main-hPOD trial.  This was to reduce any potential 

confounding related to the use of 8 different randomisation arms in the pre-hPOD dosage trial.  However, we 

recognised that by following-up the pre-hPOD cohort we would gain safety data and information on potential 

benefits sooner.  Early information is particularly important in view of the results of the Children with 

Hypoglycaemia and their Later Development (CHYLD) study, which reported a potential association using 

observational data between a higher mean blood glucose concentration in the first 12 hours and a larger 

proportion of time spent with glucose concentrations outside the 3 to 4 mM range in the first 48 hours, and 

increased risk of neurosensory impairment (McKinlay et al., 2015).  These associations may not be causal, 

and it is possible that some babies had some other underlying cause for both the higher blood glucose and 

the subsequent neurosensory impairment.  However, it is well recognised that high glucose concentrations 

are associated with both increased morbidity (Alsweiler et al., 2012; Ertl et al., 2006; Hays et al., 2006) and 

mortality (Hays et al., 2006; McGowan, 2012) in neonates and so having safety data before introduction to 

clinical use is vital.   

6.3 Aims 

To follow-up participants in the pre-hPOD trial to determine if prophylactic dextrose gel improves 

development, health and growth at two years’ corrected age. 
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Specific aims: To determine in children at two years’ corrected age who participated in the pre-hPOD dosage 

trial, or the main-hPOD trial: 

i. The effect of dextrose gel prophylaxis on neurodevelopment, growth and physical health.  

ii. The relationship between neonatal glycaemia (hypoglycaemia, hyperglycaemia, blood glucose 

stability) and neurodevelopment, and if this relationship is influenced by neonatal risk factors. 

iii. Whether these relationships differ in children with different neonatal risk factors. 

6.4 Hypothesis 

Prophylactic oral dextrose gel compared with placebo gel given to babies identified to be at risk of developing 

neonatal hypoglycaemia improves neuropsychological development at two years’ corrected age. 

6.5 Methods/design 

6.5.1 Ethics 

Ethics approval was obtained from the Health and Disability Ethics Committees of New Zealand (reference 

15/STH/97) and by the local institutional research review committees for each participating centre.  The ethics 

committee will be notified of any amendments to the study protocol. 

6.5.2 Study Population 

Consent to contact families of babies for later childhood follow-up was sought at the time of recruitment to the 

neonatal trial.  All parents/caregivers of the children who participated in either the pre-hPOD dosage or main-

hPOD trial and who consented to further contact will be invited to join this follow-up study.  Children are 

assessed as close as possible to 24 months’ corrected age.  Children who have suffered brain injury through 

a known post-neonatal accident or serious illness are excluded from the follow-up study; however their details 

are recorded for completeness. 
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6.5.3 Primary outcome 

Neurosensory disability at 2 years’ corrected age (any of: legal blindness; sensorineural deafness requiring 

hearing aids; cerebral palsy; Bayley Scale of Infant Development Version III (BSIDIII) (Bayley, 2006) 

cognitive, language or motor score lower than one standard deviation (SD) below the mean).   

6.5.4 Secondary outcomes 

i. BSIDIII cognitive score lower than 1 SD below the mean  

ii. BSIDIII language score lower than 1 SD below the mean 

iii. BSIDIII motor score lower than 1 SD below the mean  

iv. Legal blindness (yes/no) 

v. Sensorineural deafness requiring hearing aids (yes/no) 

vi. Cerebral palsy (yes/no) 

vii. Executive function 

viii. Motion coherence threshold  

ix. Asthma (yes/no) 

x. Allergies (yes/no) 

xi. Eczema (yes/no) 

xii. Healthcare utilisation  

6.5.5 Contact tracing 

An invitation to participate in the hPOD 2 year follow-up study is sent to each of the families for whom contact 

information is available when the child is nearing two years’ corrected age.  We trace families for whom 

current contact information is not available via their primary health provider, midwife or other family members.  

A check is made of National Health Index (NHI) numbers to ensure we avoid contacting families whose babies 

have died.  Families who agree to take part in the study and those who request further information are sent an 

information pack.  Telephone contact and home visits are arranged as required, to ensure that families have 

adequate information about the 2 year follow-up study before making a decision about participation.  
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6.5.6 Informed Consent  

Parents or Caregivers who agree to have their child entered into the hPOD 2 year follow-up study are 

provided with an information pack containing further information about the assessments to be undertaken and 

given the opportunity to ask questions.  An explanation is given of the processes to be used to ensure 

confidentiality.  Following this process, written informed consent is obtained on behalf of each participant. 

6.5.7 Withdrawal 

Parents and caregivers retain the right to withdraw their child from the study at any stage, without the need to 

provide a reason. 

6.5.8 Assessment  

Each child is assessed at a research clinic, local health clinic, or if the family prefer, at home.  The 

assessments are conducted by research staff (Paediatricians and Research Nurses) who are unaware of the 

neonatal history of the child.  It is intended that the assessment is conducted in a single session lasting 2.5 to 

3 hours, with regular breaks to prevent fatigue and to maintain child interest and willingness to comply with the 

assessment process.  Typically, the psychological and visual assessments, which require alertness and 

concentration, are conducted first in the assessment session.  However, additional follow-up appointments are 

offered if the assessment cannot be completed in a single session and the parents request this.  

6.5.8.1 Development 

The psychological assessment includes the Cognitive, Language (receptive and expressive), Motor (gross 

and fine motor), Social-Emotional and Adaptive Behaviour scales of the BSID-III (Bayley, 2006).  Composite 

scores on these scales have a mean score of 100 and SD of 15, and are corrected for prematurity (< 37 

weeks).  Higher scores indicate better performance.  Children unable to complete the Cognitive, Language or 

Motor Scales of the BSID-III because of severe delay in these domains will be assigned scores of 49.  
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Developmental delay is defined as: 

i. Mild delay: Cognitive or Language composite scores 1 to 2 SD below the mean. 

ii. Moderate delay: Cognitive or Language composite scores 2 to 3 SD below the mean. 

iii. Severe delay: Cognitive or Language composite scores more than 3 SD below the mean. 

Neurosensory Disability is defined as:   

i. Mild disability:  Mild cerebral palsy (the child is able to walk by 2 years of age) or Motor composite 

score 1 to 2 SD below the mean or mild developmental delay.  

ii. Moderate disability:  Moderate cerebral palsy (the child is non-ambulant at 2 years of age but is likely 

to walk) or Motor composite score 2 to 3 SD below the mean or moderate developmental delay or 

deafness. 

iii. Severe disability:  Severe cerebral palsy (the child is considered permanently non-ambulant) or Motor 

composite score below 3 SD below the mean or severe developmental delay or blindness. 

6.5.8.2 Executive Function 

A series of four graded Executive Function tasks are administered.  They range in difficulty from an expected 

0.85 probability of passing (Multisearch Task (Zelazo, Reznick, & Spinazzola, 1998)) to 0.25 probability of 

passing (Reverse Categorization (Carlson, Mandell, & Williams, 2004)) (Carlson, 2005).  In addition to these 

tasks the Snack Delay and Shape Stroop (Kochanska, Murray, & Harlan, 2000) tasks are administered to 

assess abilities such as effortful control, attention and inhibition of response.  Finally, a parent report of 

behaviours related to executive function is obtained with the questionnaire: BRIEF-P (Gioia, Espy, & Isquith, 

2003). 

6.5.8.3 Neurological Function 

A paediatric neurological examination is conducted to assess tone, reflexes and motor development. 
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6.5.8.4 Vision  

An automated computer-based examination is conducted to assess aspects of visual function which have 

been reported in the literature as vulnerable to insult as a result of hypoglycaemia, including visual acuity and 

motion coherence thresholds (Yu et al., 2013).   

6.5.8.5 Growth 

Height is measured by a stadiometer (standing height) or an infantometer (recumbent height) to the nearest 

0.1 cm (bare feet), weight by electronic scales to the nearest 0.1 kg (minimal clothing) and head 

circumference by a non-stretchable tape measure to the nearest 0.1 cm, using standard approaches (Ministry 

of Health, 2010b).  Values are computed, using corrected age, for the relevant z-scores from the New Zealand 

- WHO growth charts (Ministry of Health, 2010a). 

6.5.8.6 General Health  

A doctor formally assesses all children by general history and physical examination, to determine the 

presence of any significant chronic illness.  The child’s caregiver is asked to complete a questionnaire relating 

to history of illness or injury, and use of supportive services.  Health service utilisation will be recorded from 

copies of General Practitioner and hospital records.  
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Table 6.1  Summary of schedule of assessment for follow-up at age 2 years 

Assessment Tool Data Gathered Additional Information 
Assessment 
completed by: 

BSIDIII (Bayley, 2006) 

Cognitive Development   

Child Language Development Receptive and Expressive 

Motor Development Fine and Gross Motor Skills 

Social-Emotional Questionnaire  Social and Emotional milestones  

Parent questionnaire 
Adaptive Behaviour 
Questionnaire 

Daily functional skills 

Executive Function Battery 

Multi-search Multilocation 
(Zelazo et al., 1998) 

Response shifting - forming a 
stimulus-response and then 
shifting to a new stimulus-
response 

  Child 

Snack Delay (Kochanska 
et al., 2000) 

Simple response inhibition, 
delay of prepotent or automatic 
response 

Shape Stroop 
(Kochanska et al., 2000) 

Complex response inhibition, 
holding a rule in mind, 
responding according to rule 
and inhibiting a response 

Reverse Categorization 
(Carlson, 2005) 

Complex response inhibition, 
holding a rule in mind, 
responding according to rule 
and inhibiting a response 

BRIEF-P (Gioia et al., 
2003) 

Everyday behavioural 
manifestations of executive 
function 

  Parent questionnaire 

Vision Assessment 

Automated visual 
assessment  

Visual acuity and motion 
coherence thresholds 

Dorsal stream visual cortical 
function 

Child 

Paediatric Examination 

Physical  Examination 
Height, weight, head 
circumference 

  

Child 

Neuromotor Examination Tone, reflexes   

General Health  

Immunisation history, general 
medical history, asthma,  

atopy, use of antibiotics for 
infections 

Data collected from hospital  

and General Practitioner records 

Parent questionnaire 

Clinical records 

Health and Family Environment 

Caregiver Questionnaire 

Family demographics, socio-
economic status, pregnancy 
exposures, health, education, 
language spoken at home, 
breastfeeding duration 

  Parent questionnaire 
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6.5.9 Power and sample size 

As this is a follow-up study, the sample size is limited by the size of the neonatal trials. pre-hPOD recruited 

415 children and main-hPOD will recruit a total of 2,129 babies.  The following examples illustrate effect sizes 

that will be detectable, with 90% power, assuming a follow-up rate of 75% from the main-hPOD trial (1,596 

children or 798 in each arm).  As we have subsequently decided to follow-up all children recruited to pre- and 

main-hPOD our power will be greater than the original calculation.  

A study of 798 children in each arm will have 90% power to detect an increase in the incidence of 

neurosensory impairment from 38% (from CHYLD Study) (McKinlay et al., 2015) to 47% (absolute increase 

9%, relative 24%) and increase in the incidence of processing difficulty from 15% (from CHYLD Study) 

(McKinlay et al., 2015) to 22% (absolute increase 7%, relative 47%). 

For secondary outcomes, a significance level of 5% (two-tailed) will be used with no adjustment for multiple 

comparisons, but results will be interpreted cautiously.  This will allow us to detect a decrease in the incidence 

of atopic disease from 28% (Wickens et al., 2011) to 20% (absolute reduction 8%, relative 28%) and in 

childhood overweight/obesity from 33% (Ministry of Health, 2013) to 25% (absolute reduction 8%, relative 

24%). 

These estimates are conservative, and we anticipate that the actual follow-up rate and study power will be 

greater. 

6.5.10 Data analysis 

6.5.10.1 Data analysis for final cohort 

The primary outcomes will be compared between groups using logistic regression, adjusted for recruitment 

centre, socioeconomic status (New Zealand Deprivation Index) (Atkinson, Salmond, & Crampton, 2014) and 

sex.  Secondary analyses will adjust for potentially confounding variables: reason for risk of hypoglycaemia, 

gestational age, and mode of delivery.  Other dichotomous outcomes will be analysed using the same tiered 

approach.  Continuous data will be compared by generalized linear models with adjustment for potential 
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confounders.  If the data are not normally distributed and cannot be converted to near-normality by simple 

transformation, this analysis will be performed on rank order values.  Because any missing data are not likely 

to be missing at random, imputation methods will not be used.  However, sensitivity analysis will be conducted 

by excluding children with missing test results.  All tests will be two-tailed, with P < 0.05 considered significant. 

Analysis will be on an intention-to-treat basis.  A detailed statistical analysis plan will be developed before final 

analyses are undertaken. 

6.5.10.2 Data analysis for this chapter 

For the initial cohort of 100 babies from the pre-hPOD trial reported here, outcomes were compared between 

those assessed, those eligible but not assessed during the same time period, and the previously reported 

CHLYD cohort (McKinlay et al., 2015).  Categorical data were compared using contingency analysis with 

Pearsons test for large samples and Fishers exact 2 tail if n < 5.  Continuous data were compared using 

analysis of variance or Wilcoxon (Mann–Whitney) tests as appropriate.  Data are presented as mean (SD), 

median (range), number (%), and relative risk (RR) or mean difference (MD) and 95% confidence intervals 

(CI).   

6.6 Results: summary of first 100 children followed-up 

Results for BSIDIII social and emotional and adaptive behaviour subscales, BRIEF-P, motion coherence, and 

healthcare utilisation were not available at the time of writing and therefore are not included in this thesis. 

6.6.1 Baseline details 

Of the original 416 babies randomised to pre-hPOD, 1 baby was randomised in error and therefore not eligible 

for follow-up, leaving a total of 415 children potentially eligible 

For this initial report of the cohort followed up at age 2 years, 111 of 415 children were eligible for follow-up 

and 100 (24% of 415) children attended for assessment between August and December 2015 (Figure 6.1), 

giving a follow-up rate of 90% (100/111) to date.  Seven children were living overseas and unable to attend for 

assessment, the parents of 2 children declined follow-up and 2 children have not yet been assessed.   
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Figure 6.1  hPOD-FU@2Y Flow diagram 

 

  

Pre-hPOD cohort 

eligible for follow-up  

n = 415 

Eligible for follow-up 

Aug to Dec 2015 

n = 111  

Not assessed: 

Overseas n = 7 

Declined n = 2 

Still attempting to see n = 2 

Assessed  

n = 100  

Data available for analysis: 

BSIDIII n = 99  

Executive function n = 98 

Paediatric assessment n = 97  

Pre-hPOD cohort 

eligible for 

hPOD-FU@2Y 

n = 404 

Declined follow-up completion of pre-hPOD:  

n = 11 
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Demographic and baseline characteristics were similar in children who were assessed and those who were 

eligible but were not assessed, with the exception of mean maternal weight at booking which was higher for 

mothers of the children who were assessed (Table 6.2).   

In comparison to the CHYLD cohort assessed at 2 years of age, mothers of the hPOD-FU@2Y cohort were 

older, of higher parity and more were diabetic (Table 6.2).  The hPOD-FU@2Y cohort also had a lower 

percentage of Māori and New Zealand European mothers, and more Asian and Pacific mothers.  Mothers of 

the hPOD-FU@2Y cohort were also more likely to have attended University. 

The hPOD-FU@2Y babies were more likely than those in the CHYLD cohort to be singleton.  In keeping with 

the higher proportion of mothers with diabetes in the hPOD-FU@2Y cohort, there were more babies with IDM 

as the primary risk factor for hypoglycaemia and fewer in the late-preterm group.  There were also more 

babies with a single risk factor than the CHYLD cohort (Table 6.2).   

Compared to the CHYLD cohort, the hPOD-FU@2Y cohort had a significantly lower mean blood glucose 

concentration in the first 48 hours after birth, and were less likely to be admitted to NICU or admitted to NICU 

for hypoglycaemia (Table 6.2).  They also had lower breastfeeding rates at 1 month after birth (data collected 

retrospectively from parental questionnaire at 2 years).  Contemporaneous details of breastfeeding were 

documented at different times for the hPOD and CHYLD cohorts.  For the hPOD-FU@2Y cohort, 55% (52/95) 

were fully breastfeeding at 6 weeks, whereas for the CHYLD cohort 71% (259/363) were fully breastfeeding at 

2 weeks.   
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Table 6.2  Comparison of baseline demographics for children who were and were not assessed from the hPOD-FU@2Y cohort and CHYLD 2 year cohort. 

 hPOD-FU@2Y  CHYLD  

 Not assessed Assessed 

P for 
hPOD-FU@2Y 
assessed vs 
not assessed 

Assessed 

P for CHYLD 
assessed vs 

hPOD-FU@2Y 
assessed 

Mothers     
 

Number 
a
 305 98  376  

Maternal age (years) 32.1 (5.3) 32.8 (5.6) 0.30 29.9 (6.3) < 0.01 

Parity 2 (0, 10) 2 (0, 8) 0.76 1 (0, 10) < 0.01 

Weight at booking (kg) 75.1 (22.1) 81.4 (26.8) 0.04 79.9 (22.2) 0.59 

Diabetic (any type) 232 (76) 66 (67) 0.14 157 (42) < 0.01 

Prioritised Ethnicity 
     

Māori 39 (10) 11 (11) 0.72 104 (28) < 0.01 

Pacific 45 (15) 19 (19) 
 

13 (3) 
 

Asian 82 (27) 24 (24) 
 

20 (5) 
 

Other 66 (22) 17 (17) 
 

46 (12) 
 

NZ European 83 (27) 27 (28) 
 

189 (51) 
 

Highest level of education 
b
 

    
< 0.01 

Up to high school/secondary school N/A 20 (23) 
 

121 (34) 
 

Polytechnic or similar N/A 17 (19) 
 

119 (34) 
 

University N/A 51 (58) 
 

112 (32) 
 

Mother is main caregiver 
c
 N/A 97 (99) 

 
347 (95) 0.09 

Deprived families 
d
 N/A 32 (33) 

 
144 (39) 0.29 

NZ Dep score N/A 5.8 (2.9) 
 

6.3 (2.7) 0.13 
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Babies 
     

Number 315 100 
 

404 
 

Female 150 (48) 52 (52) 0.49 192 (48) 0.44 

Birthweight (g) 3241 (593) 3256 (681) 0.84 3135 (844) 0.13 

Birthweight z-score 0.13 (1.24) 0.17 (1.45) 0.79 0.19 (1.68) 0.92 

Gestation (weeks) 38.0 (1.2) 38.0 (1.1) 0.99 37.8 (1.7) 0.14 

Singleton birth 290 (92) 93 (93) 1.00 344 (85) < 0.05 

Caesarean birth 151 (48) 48 (48) 1.00 157 (39) 0.11 

Apgar score of < 5 at 5 minutes 2 (1) 0 (0) 1.00 0 (0) 
 

Primary risk factor for hypoglycaemia 
     

Infant of diabetic mother 234 (74) 67 (67) 0.39 161 (40) < 0.01 

Late preterm 21 (7) 6 (6) 
 

129 (32) 
 

Small 34 (11) 15 (15) 
 

60 (15) 
 

Large 26 (8) 12 (12) 
 

42 (10) 
 

Babies with 2 risk factors 47 (15) 12 (12) 0.72 116 (29) < 0.01 

Babies with 3 risk factors 2 (1) 0 (0) 1.00 13 (3) < 0.01 

Blood glucose concentration (mM) 
e
 3.23 (0.38) 3.21 (0.39) 0.57 3.48 (0.51) < 0.01 

Hypoglycaemia 143 (45) 43 (43) 0.73 213 (53) 0.09 

Admitted to NICU 27 (9) 5 (5) 0.29 156 (39) < 0.01 

Admitted to NICU for hypoglycaemia 20 (6) 3 (3) 0.31 48 (11) < 0.01 

Fully breastfeeding at 1 month 
f
 N/A 54 (64) 

 
318 (92) < 0.01 

Data are n (%), mean (SD) or median (range).  
a 

There are 12 mothers of twins for hPOD-FU@2Y and 14 for CHYLD.  
b 

Missing data for 10 hPOD-FU@2Y and 24 CHYLD mothers.  
c
 Missing 

data for 9 CHYLD mothers.  
d 
Deprived = NZ Dep 8-10  

e 
mean (SD) of mean blood glucose concentration per baby in first 48 hours.  

 f 
Missing data for 15 hPOD-FU@2Y mothers. 
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6.6.2 Primary outcome 

Thirty of the 100 hPOD-FU@2Y children assessed (30%) had neurosensory disability at 2 years’ corrected 

age (Table 6.3) and most were classified as mild.  The majority of these children had BSIDIII cognitive or 

language scores more than 1 SD below the mean.   

There was no significant difference in the overall rate of neurosensory disability between the hPOD-FU@2Y 

and CHYLD cohorts at 2 years.  

6.6.3 Secondary outcomes 

In the hPOD-FU@2Y cohort, mean scores for BSIDIII cognitive, language and motor scales were close to the 

reference mean, and were each approximately 5 points higher than in the CHYLD cohorts.  Consistent with 

this, the proportion of children in the hPOD-FU@2Y cohort with BSIDIII cognitive scores more than 1 SD 

below the mean was half that in the CHYLD cohort (Table 6.3).  The mean (SD) executive function score for 

the hPOD-FU@2Y cohort was also slightly higher than that for CHYLD.  However, there were no significant 

differences between the two cohorts in the overall incidence of developmental delay or growth measures.  

Blindness, deafness and cerebral palsy were uncommon in both cohorts. 

Abnormal neurological examination was three times more common in the hPOD-FU@2Y than in the CHYLD 

cohort.  However, data were missing for 60 children in the CHYLD cohort. 
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Table 6.3  Outcomes for first 100 children assessed in hPOD-FU@2Y compared to CHYLD 2 year cohort. 

  hPOD-FU@2Y CHYLD 
RR or mean difference 

(95% CI), P 
  Assessed Assessed 

Number 100 404 
 

Corrected age at assessment (months) 24.4 (0.9) 24.4 (1.8) -0.07 (-0.33, 0.19), P = 0.59 

Neurosensory disability at 2 years’ corrected age 30 (30) 152 (38) 0.81 (0.58, 1.11), P = 0.19 

Mild disability 24 (24) 132 (33)  

Moderate disability 6 (6) 17 (4)  

Severe disability 0 (0) 3 (1)  

BSIDIII cognitive score  99.44 (14.30) 93.50 (10.23) 5.95 (2.93, 8.97), P < 0.01 

BSIDIII language score  99.64 (17.08) 94.70 (14.23) 4.93 (1.26, 8.61), P < 0.01 

BSIDIII motor score  103.88 (12.11) 98.64 (9.53) 5.24 (2.66, 7.83), P < 0.01 

BSIDIII cognitive score > 1 SD below the mean 12 (12) 101 (25) 0.48 (0.28, 0.84), P = 0.01 

BSIDIII language score > 1 SD below the mean 16 (16) 88 (22) 0.74 (0.45, 1.20), P = 0.22 

BSIDIII motor score > 1 SD below the mean 2 (2) 35 (9) 0.23 (0.06, 0.95), P = 0.04 

Developmental delay 29 (29) 138 (34) 0.85 (0.61, 1.19), P = 0.35 

Mild delay 23 (23) 118 (29) 
 

Moderate delay 6 (6) 17 (4) 
 

Severe delay 0 (0) 3 (1) 
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Blind 0 (0) 0 (0) 
 

Deaf 0 (0) 1 (0) 
 

Cerebral palsy 0 (0) 4 (1) 
 

Executive function score 11.74 (4.85) 10.45 (4.06) 1.29 (0.24, 2.35), P = 0.02 

Atopy 
   

Asthma  9 (9) NA 
 

Hay fever 2 (2) NA 
 

Eczema  39 (40) NA 
 

Growth measures 
   

Height (cm) 
a
 86.87 (9.21) 86.49 (3.85) 0.91 (-1.18, 1.99), P = 0.10 

z-score 0.05 (2.86) -0.08 (1.14) 0.30 (-0.04, 0.64), P = 0.08 

Weight (kg) 
b
 13.38 (2.10) 13.04 (1.75) 0.34 (-0.12, 0.79), P = 0.15 

z-score 0.88 (1.25) 0.68 (1.06) 0.19 (-0.08, 0.47), P = 0.17 

Head circumference (cm) 
c
 49.05 (1.61) 49.00 (1.77) 0.05 (-0.34, 0.45), P = 0.79 

z-score 0.94 (1.08) 0.88 (1.20) 0.07 (-0.21, 0.34), P = 0.63 

Abnormal neurological examination 
d
 16 (16) 5 (1) 11.46 (4.31, 30.50), P < 0.01 

Data are n (%) or mean (SD).  
a
 Missing data for 5 hPOD-FU@2Y children.  

b
 Missing data for 3 hPOD-FU@2Y and 8 CHYLD children.  

c
 Missing data for 8 hPOD-FU@2Y children.   

d
 Missing data for 4 hPOD-FU@2Y and 60 CHYLD children.   
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6.7 Discussion 

6.7.1 hPOD-FU@2Y  

6.7.1.1 Baseline 

This initial cohort of 100 children from the hPOD-FU@2Y trial followed up at age 2 years is not significantly 

different in demographics or baseline characteristics from the hPOD-FU@2Y cohort still to be assessed, with 

the exception of the higher maternal weight at booking in the mothers of those children assessed.  Although 

statistically significant, this is likely to be a random effect (type 2 error) due to only a small number of the total 

cohort having been assessed.  Therefore, the initial results reported here are likely to be representative of the 

total hPOD-FU@2Y cohort. 

6.7.1.2 High follow-up 

To date, we have achieved a follow-up rate of 90%.  This is important because if this rate of follow-up is 

sustained for the total hPOD-FU@2Y cohort, our data should be reliable and adequately powered to 

determine the effect of prophylactic dextrose gel on neurodevelopmental outcome.  In particular, with such a 

high rate of follow-up we are more likely to have a reasonably accurate assessment of the prevalence of 

neurosensory disability, as it is well recognised that there are higher rates of impairment in children who are 

less likely to attend for follow-up (Callanan et al., 2001; Tin, Fritz, Wariyar, & Hey, 1998).  Furthermore, 

children who are more difficult to follow-up are more likely to come from a deprived background (Ballantyne, 

Benzies, Rosenbaum, & Lodha, 2015) and lower maternal education (Wolke, Sohne, Ohrt, & Riegel, 1995), 

both factors associated with lower cognitive scores (Hair, Hanson, Wolfe, & Pollak, 2015; Ronfani et al., 

2015). 

6.7.1.3 Infant of Diabetic Mother 

As noted previously in Chapter 3, most of the pre-hPOD cohort and therefore the hPOD-FU@2Y cohort, are 

IDM.  Neurodevelopmental impairment reported in IDM includes abnormalites in cognitive function (Hod et al., 

1999; Ornoy, Wolf, Ratzon, Greenbaum, & Dulitzky, 1999) and fine and gross motor function (Hod et al., 
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1999; Ornoy et al., 1999; Silverman, Rizzo, Cho, & Metzger, 1998).  More subtle impairments reported include 

impairment of concentration and auditory perception (Stenninger et al., 1998) and abnormal electrophysical 

brain activity, associated with areas of the brain that are involved in tasks of recognition memory (Nelson et 

al., 2000).  

Interestingly, a recent follow-up of a New Zealand cohort of IDM reported mean BSIDIII cognitive and motor 

scores approximately 1 SD below the standardised mean and lower than an Australian cohort of IDM 

(Wouldes et al., 2016).  This is different from the hPOD-FU@2Y cohort, in whom mean scores were every 

similar to the standardised mean.  However, Wouldes et al. found that being born to a mother of Pacific or 

Indian ethnicity, having a birthweight > 4kg, having English as a second language or living in a household with 

adult smokers were associated with lower cognitive score.  Being born to a mother of Pacific or Indian 

ethnicity, higher maternal HBA1C and two or more blood glucose concentrations of < 2.6 mM were associated 

with lower motor scores.  The New Zealand cohort reported by Wouldes et al. had a higher proportion of 

Indian and Pacific mothers, more children with English as a second language and mothers had higher HBA1C 

than the Australian cohort, potentially explaining the difference between the BSIDIII scores within their two 

cohorts.   

No adjustment was made for cofounding factors in this initial report of the hPOD-FU@2Y cohort, as numbers 

were small.  Both the cohort reported here and the total pre-hPOD cohort have similar distribution of 

ethnicities (see Chapter 3 for baseline demographics of the total pre-hPOD cohort) as the New Zealand cohort 

reported by Wouldes et al..  However, it will be interesting to see if the high mean scores reported here persist 

with follow-up of the entire hPOD-FU@2Y cohort, which will also include children recruited from other parts of 

New Zealand into the multicentre hPOD study.  Furthermore, we have not compared the outcomes reported 

here with a control cohort of New Zealand children who were not at risk of neonatal hypoglycaemia.  A recent 

study by Anderson et al. reported that use of BSIDIII for neurodevelopmental assessment at 2 years’ 

corrected age led to underreporting of developmental delay in Australian ex-preterm children (Anderson et al., 

2010).  In their study, they found the mean scores for a cohort of control children (matched for sex, maternal 

health insurance and primary language) were higher than the BSIDIII reference mean.  Therefore, they 

proposed that the reference scores underestimated developmental delay. 

The rate of abnormal neurological examination (16%) appears high for this cohort, and considerably higher 

than in the CHYLD cohort (1%).  Details of the abnormalities detected are not yet available.  However, these 
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abnormalities can be presumed to be mild with minor clinical effect as there were no children with cerebral 

palsy and only two children with a BSIDIII motor score more than 1 SD below the mean in the hPOD-FU@2Y 

children assessed.  Furthermore, it is possible that the BSIDIII at 2 years underestimates motor impairment at 

older ages.  A recent report by Spittle et al. of ex-preterm children found an increase in suspected motor 

impairment from 9 to 22% and in definite impairment from 4 to 19% when comparison was made with 

assessment at age 2 years using BSIDIII and at age 4.5 years with the Movement Assessment Battery for 

Children - Second Edition (Spittle et al., 2013). 

We hypothesised that prophylactic dextrose gel might increase breastfeeding rates, by reducing separation of 

mother and baby through reduction in admission to NICU for management of neonatal hypoglycaemia and by 

reduced infant formula use.  Breastfeeding rates for the pre-hPOD cohort are discussed in Chapter 3.  

Breastfeeding rates for the initial cohort of the hPOD-FU@2Y at 1 month and 6 weeks are similar to that for 

the whole pre-hPOD cohort.  The rate of breastfeeding (exclusive and full) at discharge from Auckland City 

Hospital (where the majority of the pre-hPOD cohort were recruited from) in 2014 was 82% and was highest in 

NZ European (87%) and lowest in Asian (76%) mothers.  The overall rate of breastfeeding at 4-6 weeks 

following discharge from Auckland City Hospital decreased further to 65% and for diabetic mothers 

breastfeeding rates at discharge and 4-6 weeks were 61% and 63% (National Women's Health, 2014).  

Therefore, the breastfeeding rates for the hPOD-FU@2Y cohort (mostly diabetic mothers) are consistent with 

the local population rates. 

We also hypothesised that if breastfeeding rates increased, the prevalence of atopic diseases might also 

decrease.  Increased duration of exclusive breastfeeding has previously been reported to increase the 

incidence of atopic eczema in New Zealand European children (Purvis et al., 2005).  However, a recent 

systematic review reported a weak association between exclusive breastfeeding for 3-4 months and 

decreased incidence of eczema (Lodge et al., 2015).  Despite breastfeeding rates similar to the local 

population, the prevalence of atopic eczema in the hPOD-FU@2Y cohort is higher than that reported 

elsewhere.  The 1999 International Study of Asthma and Allergies in Childhood (ISAAC) reported a 20% 

prevalence of eczema in New Zealand children age 6-7 years’ (Williams et al., 1999) and more recent 

randomised controlled trial of New Zealand children age 2 years reported a 23% prevalence of eczema in the 

control group (Wickens et al., 2008).  It is possible that the prevalence of eczema in the hPOD-FU@2Y cohort 

is higher due to the different demographics, as 77% of the participants in the Wickens et al. trial were NZ 
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European and eczema is highest within Pacific and Māori children (Clayton et al., 2013).  Furthermore, the 

prevalence reported by ISSAC and Wickens et al. may be an under-representation of the current incidence as 

the prevalence of eczema is increasing worldwide (Asher et al., 2006; Wickens et al., 2008). 

6.7.2 Comparison with the CHYLD cohort 

Mothers of the hPOD-FU@2Y cohort were older, less likely to be Māori or New Zealand European and had a 

higher level of education than those of the CHYLD cohort.  Therefore, although the two cohorts were both 

recruited from children who were born at risk of neonatal hypoglycaemia, and had very similar inclusion and 

exclusion criteria, and similar socio-economic status as measured by the New Zealand deprivation index 

(Atkinson et al., 2014), the demographics of the two cohorts differ in important ways that may contribute to the 

different outcomes between the two cohorts.  Although there was no difference in primary outcome between 

the two cohorts, the mean scores for BSIDIII in cognitive, language and motor scores were significantly higher 

in the hPOD-FU@2Y cohort and this may be due to the different demographics of the two cohorts.   

Mothers of the hPOD-FU@2Y cohort were more likely to be diabetic and their babies more likely to be IDM 

and less likely to be late preterm that in the CHYLD cohort.  As noted in Chapter 3, for the pre-hPOD cohort, 

women with diabetes were more easily identified antenatally than women with potentially eligible babies for 

the other risk groups.  However, this was also the case for the CHYLD cohort.  Therefore, the difference in 

primary risk factors for the two cohorts must be due to other reasons, such as differences in recruitment 

practices for the two trials.  All of the pre-hPOD cohort were recruited antenatally, whereas some babies in the 

CHYLD study were recruited postnatally.  During recruiting to pre-hPOD, we found that mothers often needed 

more than one conversation with research staff to allow time to consider participation and to ask questions 

about the trial.  This was particularly the case for women who were not already aware that their baby would 

need clinical monitoring of blood glucose concentration after birth, even outside of the trial participation.  This 

meant that women admitted in labour with a baby potentially eligible because of late-preterm birth were more 

difficult to recruit as first they needed to come to terms with their baby’s need for routine clinical monitoring; 

prior to admission in labour they had considered their pregnancy and baby to be low risk.  Furthermore, due to 

the high clinical workload and lower priority for research by the clinical teams, consent was sought by the trial 

research staff rather than clinical staff in almost all cases.  Therefore, without a constant research staff 

presence in delivery suite, the late-preterm and unexpectedly LGA babies were more difficult to recruit. 
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Although babies in the hPOD-FU@2Y cohort had a lower mean blood glucose concentration in the first 48 

hours after birth than those in the CHLYD cohort, they were less likely to be admitted to NICU either overall or 

for hypoglycaemia.  This may be due to differences in clinical practice or threshold for admission to NICU 

between the sites participating in the two trials.  As this initial report of the hPOD-FU@2Y is a report of the 

outcomes for the overall cohort, and intervention group allocation (dextrose or placebo) has not been revealed 

in order to maintain blinding for assessment of the rest of the cohort, we cannot comment on whether any 

effect of dextrose gel on the prevention of hypoglycaemia has contributed to this difference in NICU admission 

rates.  However, any effect of dextrose gel is unlikely to be the only reason for the lower admission rates in 

the hPOD-FU@2Y cohort, as the difference between admission to NICU for babies who received dextrose 

and placebo in the pre-hPOD trial was small (7% vs 10%).  Furthermore, the pre-hPOD trial was not powered 

to assess the effect on admission to NICU (Chapter 3).  

The hPOD-FU@2Y cohort had significantly lower breastfeeding rates at age 1 month than the CHLYD cohort, 

despite intention to breastfeed being an inclusion criteria for the pre-hPOD trial.  The reasons for successful 

and sustained breastfeeding are multifactorial and it is not clear from this initial cohort why these rates are so 

different between the two cohorts (National Women's Health, 2014).  The different demographics between the 

pre-hPOD and CHYLD cohorts may be a contributing factor.  However, it is interesting to note the apparent 

increase in reported breastfeeding rates between the 2 week (contemporaneous) and 1 month (retrospective) 

data for the CHYLD cohort.  It is more usual to see a gradual decrease in breastfeeding rates over time (as 

noted above), than the apparent increase reported here.  The apparent increase is most likely due to the 

recall bias of the retrospective data and may be further increased by the social durability bias – where the 

participant is aware that the expectation is for sustained breastfeeding (Agampodi, Fernando, Dharmaratne, & 

Agampodi, 2011).  

The higher incidence of abnormal neurological examination in the hPOD-FU@2Y cohort may reflect the 

quantity of missing data in the CHYLD cohort and the missing data may be due to different methods of data 

collection for the two cohorts.  We recently changed the data collection for the hPOD-FU@2Y cohort, to 

ensure that some questions were compulsory – including the overall assessment of neurological status by the 

examining paediatrician.  It will be important to review the incidence of abnormal neurological examination 

when complete data is available for the pre-hPOD cohort within the hPOD-FU@2Y study as the more detailed 
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data will allow review of which aspect of examination was abnormal and whether the abnormality affected 

performance within the BSIDIII motor scale. 

6.8 Conclusion 

This preliminary report of the follow-up of children born at risk of neonatal hypoglycaemia, who participated in 

a randomised controlled trial for prevention of neonatal hypoglycaemia, demonstrates an overall incidence of 

neurosensory disability lower than that in IDM (Wouldes et al., 2016) and similar to that of other children born 

at risk of neonatal hypoglycaemia (the CHYLD cohort) (McKinlay et al., 2015).  There are no other reliable 

data on follow-up of children born at risk of neonatal hypoglycaemia available for comparison.   

Despite similar incidence of overall neurosensory disability, the hPOD-FU@2Y cohort had higher mean 

scores for cognitive, language and motor assessment than the CHYLD cohort.  This may be due to 

differences in demographics and baseline characteristics or to differences in clinical management including 

randomisation to prophylactic dextrose gel.  The apparent high incidence of abnormal neurological 

examination in the hPOD-FU@2Y cohort is out of keeping with the high mean motor scale assessment and 

will need further review with more complete data.  Indeed, if our follow-up rate of 90% is sustained for the total 

hPOD-FU@2Y cohort, our data should be reliable and adequately powered to determine the effect of 

prophylactic dextrose gel on neurodevelopmental outcome. 



 

138 

7 Cochrane Protocol: Oral dextrose gel for the prevention of hypoglycaemia in newborn infants 

Published 13 April 2016 

Hegarty JE, Harding JE, Crowther CA, Brown J, Alsweiler JM. 

Oral dextrose gel for the prevention of hypoglycaemia in newborn infants [Protocol].  

Cochrane Database of Systematic Reviews [2016], Issue 4 ID: CD012152 DOI: 10.1002/14651858.CD012152 

 

  



 

139 

7.1 Background 

7.1.1 Description of the condition 

Hypoglycaemia is the commonest metabolic disorder of the newborn, and the only known common (Hay et al., 

2009) and readily preventable (Chertok et al., 2009; Singhal et al., 1992; Singhal et al., 1991) cause of brain 

damage in newborn infants.  Neonatal hypoglycaemia can cause brain damage (Burns et al., 2008; Duvanel 

et al., 1999; Kerstjens et al., 2012; Koh, Aynsley-Green, et al., 1988) and death (Achoki, Opiyo, & English, 

2010; Cornblath & Reisner, 1965; Nadjm et al., 2013; Willcox et al., 2010).  Some authors have reported brain 

abnormalities associated with neonatal hypoglycaemia on Magnetic Resonance Imaging (MRI).  Early studies 

reported that the commonest site of damage is in the occipital cortex (Alkalay et al., 2005; Spar et al., 1994).  

However, more recently, it has been recognised that more widespread MRI changes may also be seen in the 

temporoparietal region, cerebral cortex and basal ganglia/thalamus (Burns et al., 2008). 

Up to 15% of newborn infants will have low blood glucose concentrations (Hay et al., 2009), and the rate is 

much higher in those infants who have additional risk factors: up to 50% in infants of diabetic mothers 

(Maayan-Metzger et al., 2009) and 66% in preterm infants (Lucas et al., 1988).  Infants at highest risk of 

hypoglycaemia are infants of diabetics (Agrawal et al., 2000; Maayan-Metzger et al., 2009), large for gestation 

(Weissmann-Brenner et al., 2012), small for gestation (Hawdon, Aynsley-Green, Bartlett, et al., 1993) and 

preterm infants (Kerstjens et al., 2012).  Fifty percent of these infants will develop at least one episode of 

hypoglycaemia and 20% will have more than one episode (Harris et al., 2012).  Additional risk factors for 

neonatal hypoglycaemia include perinatal asphyxia (Salhab et al., 2004), prolonged labour, hypothermia, 

sepsis and some maternal medications such as β-agonists (Kurtoglu et al., 2005) and β-blockers (Daskas et 

al., 2013). 

The definition of neonatal hypoglycaemia remains controversial, with various in definitions used in publications 

(Agrawal et al., 2000; Burns et al., 2008; Kerstjens et al., 2012; Maayan-Metzger et al., 2009), as well as 

those suggested as thresholds for intervention (Adamkin, 2011; Cornblath et al., 2000).  The use of < 2.6 mM 

as a widely accepted definition of hypoglycaemia (Harris, Weston, et al., 2009) was heavily influenced by the 

description of abnormal sensory evoked potentials in infants who had blood glucose concentrations of < 2.6 

mM (Koh, Aynsley-Green, et al., 1988), and of a relationship between the number of days on which blood 
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glucose measurements of < 2.6 mM were recorded in preterm infants and neurodevelopmental impairment at 

18 months (Lucas et al., 1988) and at 7 to 8 years (Lucas & Morley, 1999).  Infants who are 'asymptomatic' 

during periods of hypoglycaemia were previously considered to have a better outcome than those who 

exhibited signs (Hawdon, Aynsley-Green, Bartlett, et al., 1993; Kalhan & Peter-Wohl, 2000; Koivisto et al., 

1972).  However, Stenninger et al. found that longer-term neurodevelopmental outcomes did not differ 

between infants who exhibited signs and those who did not (Stenninger et al., 1998). 

The effect of transient neonatal hypoglycaemia on longer-term outcomes is not yet well defined. A recent 

retrospective population study of transient hypoglycaemia (defined as a single initial blood glucose 

concentration < 2.6 mM, followed by a repeat result above this) demonstrated an association between low first 

blood glucose concentration and lower academic test scores at age 10 years (Kaiser et al., 2015).  However, 

in a cohort of babies at risk of neonatal hypoglycaemia, half of whom became hypoglycaemic and were 

treated to maintain blood glucose concentrations ≥ 2.6 mM, there was no difference in neurodevelopmental 

outcome at two years between those who did and did not experience neonatal hypoglycaemia (McKinlay et 

al., 2015). 

Treatment of neonatal hypoglycaemia commonly requires admission to newborn intensive care unit (NICU) or 

special care baby unit (SCBU), separating mothers and infants and interfering with the establishment of 

breast-feeding, thus incurring high social and financial cost.  The World Health Organization, in its publication 

on neonatal hypoglycaemia states "an approach aimed first at the prevention of hypoglycaemia, second at its 

reliable detection in newborns at risk and third at appropriate treatment which will not be deleterious to 

breastfeeding is...of global importance" (World Health Organization, 1997).  The American Academy of 

Pediatrics recommends "early identification of the at-risk infant and institution of prophylactic measures to 

prevent neonatal hypoglycaemia" (Adamkin, 2011). 
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The widely accepted clinical monitoring of infants at-risk of neonatal hypoglycaemia involves: 

1. Early identification of pertinent risk factors, 

2. Early feeding, 

3. Pre-feed blood glucose concentration measurement to determine the blood glucose concentration at 

the time when it is most at risk of being low, 

4. Monitoring during the highest risk period until the blood glucose concentration is demonstrated to 

remain above the chosen threshold for intervention.  (Adamkin, 2011; Canadian Pediatric Society 

Fetal and Newborn Committee, 2004; National Institute for Health Clinical Excellence, 2015; World 

Health Organization, 1997) 

Despite the recommendations to prevent neonatal hypoglycaemia, there is little evidence of any effective 

interventions to achieve this. 

Antenatal expression of colostrum is considered to potentially increase the colostrum supply available for 

infants following birth, reduce the time taken to establish breastfeeding and decrease formula use (Cox, 

2006).  One small retrospective cohort study of diabetic mothers who expressed colostrum antenatally 

reported giving birth one week earlier and increased admission to NICU of their infants when compared with 

diabetic mothers who did not express (Soltani & Scott, 2012).  However, the effect of this approach on the 

incidence of neonatal hypoglycaemia is as yet undetermined.  A small pilot study did not show any 

improvement in mean blood glucose concentrations for infants whose mothers expressed colostrum 

antenatally when compared to audit data of infants whose mothers did not express antenatally (Forster et al., 

2011). 

Early initiation of breastfeeding within 30 minutes following birth has no effect on the blood glucose 

concentration at one hour after birth in infants without risk factors for neonatal hypoglycaemia (Sweet et al., 

1999).  However, early feeding (within 30 minutes of birth) of infants of diabetic mothers was reported to 

decrease the incidence of subsequent neonatal hypoglycaemia and these infants maintained a higher mean 

blood glucose concentration than those who receive their first feed later (Chertok et al., 2009). 
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Supplementation or substitution of breastfeeding with fluid or foods other than expressed breast milk may 

reduce duration of breastfeeding (Becker et al., 2011; Blomquist et al., 1994).  Therefore, the commonly 

accepted practice is to advise exclusive breastfeeding (Eidelman, 2012; UNICEF U. K., 2013).  Healthy 

newborn infants will usually maintain their blood glucose concentration despite the small volume, low energy 

food source provided by colostrum. However, colostrum alone cannot be relied upon to provide the essential 

energy needs of infants with additional risk factors for neonatal hypoglycaemia.  Thus, infants at high risk of 

hypoglycaemia frequently receive supplemental or complementary feeding during establishment of feeding 

(Blomquist et al., 1994; Harris et al., 2013). 

Powdered sugar has been used as an addition to formula in an attempt to prevent neonatal hypoglycaemia.  

Two randomised controlled studies in India compared formula to formula plus added powdered sugar in 

prevention of subsequent hypoglycaemia in infants at risk of hypoglycaemia (small for gestational age - SGA 

and large for gestational age - LGA).  Both studies demonstrated a significant reduction in the subsequent 

incidence of neonatal hypoglycaemia in the infants who received formula plus powdered sugar (Singhal et al., 

1992; Singhal et al., 1991).  However, as noted above, supplementing with formula milk may reduce longer-

term breastfeeding rates (Becker et al., 2011; Blomquist et al., 1994). 

The ideal intervention would be effective in preventing hypoglycaemia, reduce the need for artificial formula, 

improve breastfeeding rates and reduce costs as well as potentially reducing the risk of later adverse 

outcomes.  Oral dextrose gel given as 200 mg/kg (0.5 ml/kg) of 40% dextrose is effective and safe in treating 

neonatal hypoglycaemia.  It is more effective than feeding alone, reduces the use of expressed and formula 

milk and improves breast-feeding rates at 2 weeks of age (Harris et al., 2013).  A separate Cochrane review 

‘Oral dextrose gel for the treatment of hypoglycaemia in newborn infants’ is currently being finalised (Weston 

et al., 2016). 

7.1.2 Description of the intervention 

This review will assess the use of oral dextrose gel in prevention of neonatal hypoglycaemia. 

Dextrose gel is a non-proprietary, low-cost, simple carbohydrate in concentrated aqueous solution, which can 

be administered by direct application to the oral mucosa - either buccal or sublingual.  Administration via these 



 

143 

highly vascularised, thin mucous membranes allows rapid access to the circulation.  Some of the administered 

gel may be swallowed and absorbed from the gastrointestinal tract. 

Commercially manufactured gel costs approximately US$70 per 100 ml, alternatively gel can be prepared in 

hospital pharmacies (Harris et al., 2013).  Ingredients will vary by pharmaceutical manufacturer, but commonly 

include water, glucose, a gelling agent and preservative(s).  Some preparations include flavourings and 

colourings.  Suitability of the gel for use in neonates should be assessed on an individual basis. 

7.1.3 How the intervention might work 

Dextrose gel administered to the oral mucosa will enter the systemic circulation via the lingual vein and the 

internal jugular vein.  This is in comparison to oral - gastrointestinal administration, whereby the first pass 

effect of the portal circulation may diminish the systemic blood glucose concentration achieved.  Prevention of 

neonatal hypoglycaemia by providing additional glucose during the period of the neonatal metabolic transition 

may reduce the medical prescription of artificial formula feeds, reduce admission to NICU for intravenous 

dextrose and prevent neurodevelopmental impairment associated with neonatal hypoglycaemia. 

7.1.4 Why it is important to do this review   

Neonatal hypoglycaemia is important because it is common, and is associated with brain injury in newborn 

infants.  There are known risk factors for neonatal hypoglycaemia, so that specific groups of newborn infants 

are routinely targeted for screening (i.e. those who are infants of diabetic mothers, large or small for 

gestational age, low birthweight, preterm, and those with poor feeding).  These infants are frequently 

managed prophylactically with supplemental formula milk and/or admission to neonatal units (either NICU or 

SCBU) for intravenous dextrose.  Supplemental formula may impair the establishment of breastfeeding, and 

intravenous treatment is expensive, not always available in resource poor settings, and usually requires 

separation of the mother and infant. 

Oral dextrose gel is simple to administer and inexpensive.  Therefore, if it is effective in preventing neonatal 

hypoglycaemia it would have many advantages, particularly in low resource settings. 
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The results of this review may help inform those preparing clinical practice guidelines such as those currently 

available to guide care of babies at risk of neonatal hypoglycaemia (Adamkin, 2011; National Institute for 

Health Clinical Excellence, 2015; UNICEF U. K., 2013). 

7.2 Objectives 

To assess whether oral dextrose gel in infants at risk of neonatal hypoglycaemia is more effective than 

placebo or no treatment or other active therapies (such as antenatal expression of colostrum, early initiation of 

breastfeeding, supplementation or substitution of breastfeeding with formula milk) in: 

 preventing hypoglycaemia in newborn infants 

 reducing developmental impairments at childhood follow-up. 

7.3 Methods 

7.3.1 Criteria for considering studies for this review 

7.3.1.1 Types of studies 

Randomised controlled trials (RCTs) and quasi-RCTs including cluster randomised trials but not crossover 

trials.  We will include both published and unpublished studies.  We will include unpublished studies and 

studies published only as abstracts, if assessment of study quality is possible and if other criteria for inclusion 

are fulfilled. 

7.3.1.2 Types of participants 

Newborn infants who are at risk of hypoglycaemia, including infants of diabetics (all types), large for dates, 

small for dates and born preterm (< 37 weeks) from birth to 24 hours of age, who have not yet been 

diagnosed with hypoglycaemia (blood glucose concentration below the normal range, investigator defined) nor 

had treatment for hypoglycaemia. 
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7.3.1.3 Types of interventions   

Dextrose gel, of any concentration and at any dose or number of doses, given orally compared with placebo, 

or no treatment/standard care or other therapies (such as antenatal expression of colostrum, early initiation of 

breastfeeding, supplementation or substitution of breastfeeding with formula milk), for the prevention of 

hypoglycaemia at any gestational age and commenced within the first 24 hours following birth. 

7.3.1.4 Types of outcome measures 

7.3.1.4.1 Primary outcomes 

1. Hypoglycaemia (investigator defined). 

2. Major neurological disability at age 2 years or greater (any of: legal blindness, sensorineural deafness 

requiring hearing aids, moderate or severe cerebral palsy, or developmental delay/intellectual 

impairment (defined as developmental quotient or intelligence quotient lower than two standard 

deviations below the mean). 

7.3.1.4.2 Secondary outcomes 

1. Hypoglycaemia (any blood glucose concentration less than 2.6 mM) during initial hospital stay 

(yes/no). 

2. Receipt of treatment for hypoglycaemia (investigator defined, any treatment - oral dextrose gel, 

intravenous dextrose or other drug therapy) during initial hospital stay (yes/no). 

3. Receipt of intravenous treatment for hypoglycaemia (yes/no). 

4. Receipt of oral dextrose gel treatment for hypoglycaemia (yes/no). 

5. Receipt of any medications for hypoglycaemia such as glucagon or corticosteroids (yes/no). 

6. Number of episodes of hypoglycaemia (investigator defined) (total number per infant). 

7. Adverse effects e.g. choking or vomiting at time of administration (yes/no). 

8. Separation from the mother for treatment of hypoglycaemia (infant being nursed in an environment 

which is not in the same room as the mother, e.g. for NICU admission or the like) (yes/no). 

9. Neonatal seizures (yes/no). 
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10. Abnormal MRI of the brain in the neonatal period (yes/no). 

11. Duration of initial hospital stay (days). 

12. Breastfeeding (any) after discharge (yes/no). 

13. Exclusive breastfeeding after discharge - WHO 2008 definition (yes/no). 

14. Exclusive breastfeeding at 6 months of age - WHO 2008 definition (yes/no). 

15. Developmental disability at age 2 years or greater - investigator defined (yes/no). 

16. Visual impairment and severity at age 2 years or greater. 

17. Hearing impairment and severity at age 2 years or greater. 

18. Cerebral palsy and severity at age 2 years or greater. 

19. Developmental delay/intellectual impairment and severity at age 2 years or greater. 

20. Executive dysfunction and severity at age 2 years or greater. 

21. Behavioural problems and severity at age 2 years or greater. 

22. Abnormal MRI of the brain at age 2 years or greater. 

7.3.2 Search methods for identification of studies 

7.3.2.1 Electronic searches 

We will request a search from the Cochrane Neonatal Review Group's Specialist Register.  We will search 

MEDLINE, EMBASE, CENTRAL, CINAHL and Web of Science from inception of database to the present.  We 

will search clinical trials registries for ongoing or recently completed trials (clinicaltrials.gov, controlled-

trials.com; who.int/ictrp and www.anzctr.org.au).  We will search conference abstracts for Pediatric Academic 

Societies, European Society of Paediatric Research and Perinatal Society of Australia and New Zealand.  We 

will not apply any language restrictions. 

We will search using the following key words: hypoglycaemia or hypogly$, AND neonate OR neonat$, AND 

dextrose OR glucose gel.  We will use "*" as a wild card where appropriate.  We will search using both English 

and American spelling. 

We will limit to potentially eligible randomised clinical trials and neonates using a maximally sensitive 

methodology filter (see 7.6 Appendix: Standard Search Methodology). 
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7.3.2.1.1 Searching other resources   

We will search reference lists of included trials.  We will approach well known researchers in this clinical area 

to identify any unpublished or ongoing research. 

7.3.3 Data collection and analysis 

We will use the standard methods of the Cochrane Neonatal group. 

7.3.4 Selection of studies 

Two authors will independently undertake the following steps: 

1. Merge search results using reference management software, and remove duplicate records of the 

same report. 

2. Examine titles and abstracts to remove obviously irrelevant reports. 

3. Retrieve full text of the potentially relevant reports. 

4. Link together multiple reports of the same study. 

5. Examine full-text reports for compliance of studies with eligibility criteria. 

6. Correspond with investigators, where appropriate, to clarify study eligibility (including requesting 

missing results, if required). 

7. Make final decisions on study inclusion and proceed to data collection. 

Any disagreement will be resolved by discussion.  If necessary, a third author will arbitrate for differences in 

interpretation. 

A study flow diagram will be produced to illustrate this process. 
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7.3.5 Data extraction and management 

We will develop a data extraction form prior to data extraction.  Two authors will independently extract data 

from each selected article.  Data collected will include source details, eligibility assessment, methodological 

details, participant characteristics, intervention details and outcomes reported.  Any disagreement will be 

resolved by discussion.  If necessary, a third author will arbitrate for differences in interpretation.  A record will 

be kept of any consensus made.  Consensus data will be entered into Review Manager. 

7.3.6 Assessment of risk of bias in included studies 

The methodological quality of included studies will be assessed using the criteria specified in the Cochrane 

Handbook for Systematic Reviews of Interventions ("Cochrane handbook for systematic reviews of 

interventions," 2011).  Two authors will independently assess each study.  Any disagreement will be resolved 

by discussion.  If necessary, a third author will arbitrate for differences in interpretation.  A record will be kept 

of any consensus made.  Consensus data will be entered into Review Manager. 

7.3.6.1 Sequence generation 

For each included study we will describe the method used to generate the allocation sequence in sufficient 

detail to allow an assessment of whether it should produce comparable groups.  We will assess the method 

as: 

 low risk of bias (any truly random process, e.g. random number table; computer random number 

generator); 

 high risk of bias (any non-random process, e.g. odd or even date of birth; hospital or clinic record 

number); 

 unclear risk of bias. 
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7.3.6.2 Allocation concealment 

For each included study we will describe the method used to conceal allocation to interventions prior to 

assignment and assess whether intervention allocation could have been foreseen in advance of, or during 

recruitment, or changed after assignment.  We will assess the methods as: 

 low risk of bias (e.g. telephone or central randomisation; consecutively numbered sealed opaque 

envelopes); 

 high risk of bias (open random allocation; unsealed or non-opaque envelopes, alternation; date of 

birth); 

 unclear risk of bias. 

7.3.6.3 Blinding of participants and personnel 

For each included study we will describe the methods used, if any, to blind study participants and personnel 

from which intervention a participant received.  We will consider studies to be at low risk of bias if they were 

blinded, or if we judge that the lack of blinding would be unlikely to affect results.  We will assess the methods 

as: 

 low, high or unclear risk of bias for participants; 

 low, high or unclear risk of bias for personnel. 

7.3.6.4 Blinding of outcome assessment 

For each included study we will describe the methods used, if any, to blind outcome assessors from 

knowledge of which intervention a participant received. 

We will assess the methods used to blind outcome assessment as: low, high or unclear risk of bias. 
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7.3.6.5 Incomplete outcome data 

For each included study, we will describe the completeness of data, including attrition and exclusions from the 

analysis.  We will examine study protocols for discrepancy between intended and reported outcomes.  We will 

state whether attrition and exclusions are reported and the numbers included in the analysis at each stage 

(compared with the total randomised participants), reasons for attrition or exclusions where reported, and 

whether missing data are balanced across groups or are related to outcomes.  Where sufficient information is 

reported, we will re-include missing data in the analysis which is undertaken.  We will assess the methods as: 

 low risk of bias (e.g. no missing outcome data; missing outcome data balanced across groups); 

 high risk of bias (e.g. numbers or reasons for missing data imbalanced across groups; 'as treated' 

analysis done with substantial departure of intervention received from that assigned at randomisation, 

> 20% loss of follow-up data); 

 unclear risk of bias. 

7.3.6.6 Other bias 

We will describe for each included study any important concerns we have about other possible sources of 

bias. 

We will assess whether each study was free of other problems that could put it at risk of bias: 

 low risk of other bias;  

 high risk of other bias;  

 unclear whether there is risk of other bias. 

7.3.7 Measures of treatment effect 

We will use the numbers of events in the control and intervention groups of each study to calculate risk ratios 

(RRs) for dichotomous data.  We will calculate weighted mean differences (WMDs) between treatment groups 

where outcomes are measured in the same way for continuous data.  We will report risk differences (RDs) 
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and where a significant effect is found we will calculate the numbers needed to treat to benefit (NNTB) or the 

numbers needed to treat to harm (NNTH).  We will report 95% confidence intervals (CIs) for all outcomes. 

7.3.8 Unit of analysis issues 

We will include cluster-randomised trials in the analyses along with individually randomised trials.  We will 

make adjustments to the standard errors using the methods described in the Cochrane Handbook [Section 

16.3.6] ("Cochrane handbook for systematic reviews of interventions," 2011) using an estimate of the 

intracluster correlation co-efficient (ICC) derived from the trial (if possible), from a similar trial or from a study 

of a similar population.  If we use ICCs from other sources, we will report this and conduct sensitivity analyses 

to investigate the effect of variation in the ICC.  We will consider it reasonable to combine the results from 

both cluster randomised trials and individually randomised trials if there is little heterogeneity between the 

study designs and the interaction between the effect of intervention and the choice of randomisation unit is 

considered to be unlikely. 

We will acknowledge heterogeneity in the randomisation unit and perform a sensitivity analysis to investigate 

the effects of the randomisation unit. 

7.3.9 Dealing with missing data 

We will note levels of attrition.  We will carry out analyses using an intention-to-treat basis, where possible, for 

all of the outcomes.  We will analyse all participants where possible in the treatment group to which they were 

randomised, regardless of the actual treatment received.  We will contact the original investigators to request 

missing data whenever possible.  We will make explicit the assumptions of any methods used to cope with 

missing data.  Sensitivity analyses may be performed to assess how sensitive results are to reasonable 

changes in the assumptions that are made.  We will address the potential impact of missing data on the 

finding of the review in the discussion section. 
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7.3.10 Assessment of heterogeneity 

We will consider whether the clinical and methodological characteristics of the included studies are sufficiently 

similar for meta analysis to provide a clinically meaningful summary.  This will be done by assessing statistical 

heterogeneity using the Chi
2
 test and the I

2
 statistic, with an I

2
 test: < 25% none, 25-49% low, 50-74% 

moderate, and ≥ 75% high heterogeneity.  An I
2
 measurement greater than 50% and a low P value (< 0.10) in 

the Chi
2
 test for heterogeneity will be taken to indicate substantial heterogeneity ("Cochrane handbook for 

systematic reviews of interventions," 2011).  If substantial heterogeneity is detected, we will explore possible 

explanations in sensitivity/subgroup analyses.  Statistical heterogeneity will be taken into account when 

interpreting the results, especially if there is any variation in the direction of effect. 

7.3.11 Assessment of reporting biases 

Reporting biases arise when the dissemination of research findings is influenced by the nature and direction 

of results.  Some types of reporting bias (e.g. publication bias, multiple publication bias, language bias) reduce 

the likelihood that all studies eligible for a review will be retrieved.  If all eligible studies are not retrieved, the 

review may be biased.  We aim to conduct a comprehensive search for eligible studies and will be alert for 

duplication of data.  We will assess publication bias by visual inspection of a funnel plot, if there are enough 

studies (10 or more trials) to make such an inspection valid.  Two authors will examine the methods of each 

study for prespecified outcomes.  If all pre-specified outcomes are reported in the results, the study will carry a 

low risk of bias.  If any pre-specified outcome is not reported in the results, the study will be considered to 

carry a higher risk of bias.  If the authors uncover reporting bias that could, in the opinion of the authors, 

introduce serious bias, a sensitivity analysis is planned to determine the effect of including and excluding 

these studies in the analysis. 

7.3.12 Data synthesis 

We will evaluate studies for potential clinical diversity, and restrict meta-analysis to where clinical consistency 

is apparent.  We will evaluate studies for bias, as above, and restrict meta-analysis if bias would be 

compounded.  We will use a fixed-effect model for combining data where it is reasonable to assume that 
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studies were estimating the same underlying treatment effect.  If there is evidence of clinical heterogeneity we 

will try to explain heterogeneity based on different study characteristics and subgroup analyses. 

7.3.12.1 Quality of evidence 

We will assess the quality of evidence for the main comparison at the outcome level using the Grading of 

Recommendations Assessment, Development and Evaluation (GRADE) approach (Guyatt, Oxman, Akl, et al., 

2011).  This methodological approach considers evidence from randomised controlled trials as high quality 

that may be downgraded based on consideration of any of five areas: design (risk of bias), consistency across 

studies, directness of the evidence, precision of estimates and presence of publication bias (Guyatt, Oxman, 

Akl, et al., 2011).  The GRADE approach results in an assessment of the quality of a body of evidence in one 

of four grades:  1) High: We are very confident that the true effect lies close to that of the estimate of the 

effect;  2) Moderate: We are moderately confident in the effect estimate: The true effect is likely to be close to 

the estimate of the effect, but there is a possibility that it is substantially different;  3) Low: Our confidence in 

the effect estimate is limited: The true effect may be substantially different from the estimate of the effect;  4) 

Very Low: We have very little confidence in the effect estimate: The true effect is likely to be substantially 

different from the estimate of effect (GRADE Working Group). 

The review authors will independently assess the quality of the evidence found for outcomes identified as 

critical or important for clinical decision making. These outcomes will include: 

1. Hypoglycaemia (investigator defined) 

2. Major neurological disability at age 2 years or greater (defined as any of: legal blindness, 

sensorineural deafness requiring hearing aids, moderate or severe cerebral palsy, or developmental 

delay/intellectual impairment (defined as developmental quotient lower than two standard deviations 

below the mean)) 

3. Receipt of treatment for hypoglycaemia (investigator defined, any treatment - oral dextrose gel, 

intravenous dextrose or other drug therapy) during initial hospital admission 

4. Receipt of intravenous treatment for hypoglycaemia 

5. Adverse effects e.g. choking or vomiting at time of administration 
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6. Separation from the mother for treatment of hypoglycaemia ( infant being nursed in an environment 

which is not in the same room as the mother, e.g. for NICU admission or the like) 

7. Exclusive breastfeeding after discharge – WHO 2008 definition (World Health Organization, 2008) 

In cases where we considered the risk of bias arising from inadequate concealment of allocation, randomised 

assignment, complete follow-up or blinded outcome assessment to reduce our confidence in the effect 

estimates, we will downgrade the quality of evidence accordingly (Guyatt, Oxman, Vist, et al., 2011).  We will 

evaluate consistency by similarity of point estimates, extent of overlap of confidence intervals and statistical 

criteria including measurement of heterogeneity (I
2
).  We will downgrade the quality of evidence when large 

and unexplained inconsistency across studies results is present (i.e. some studies suggest important benefit 

and others no effect or harm without a clinical explanation) (Guyatt, Oxman, Kunz, Woodcock, Brozek, 

Helfand, Alonso-Coello, Glasziou, et al., 2011).  Precision will be assessed based on the width of the 95% 

confidence interval and by calculating the optimal information size.  If the total number of patients included in 

the pooled effect estimation is less than the number of patients generated by a conventional sample size 

calculation for a single adequately powered trial, we will consider rating down for imprecision (Guyatt, Oxman, 

Kunz, Brozek, et al., 2011).  When trials were conducted in populations other than the target population, we 

will downgrade the quality of evidence because of indirectness (Guyatt, Oxman, Kunz, Woodcock, Brozek, 

Helfand, Alonso-Coello, Falck-Ytter, et al., 2011). 

We will enter data (i.e. pooled estimates of the effects and corresponding 95% confidence Interval) and make 

explicit judgments for each of the above aspects assessed into the Guideline Development Tool, the software 

used to create ‘Summary of findings’ tables (GRADEpro, Mc Master University, Hamilton, Ontario, Canada).  

We will explain all judgements involving the assessment of the study characteristics described above in 

footnotes or comments in the ‘Summary of findings’ table. 
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7.3.13 Subgroup analysis and investigation of heterogeneity 

We plan to carry out the following subgroup analyses using a fixed effects model: 

1. Reason for risk of hypoglycaemia (infant of diabetic mother, preterm, small, large, other) 

2. Gestation at birth (term and post term versus late preterm 35 - 36 weeks versus moderately preterm 

30 - 34 weeks versus extremely preterm < 30 weeks) 

3. Actual mode of feeding (formula versus breast versus mixed) 

4. Method of administration of gel (rubbed into buccal mucosa versus sublingual versus other) 

5. Dose of dextrose gel per administration (≤ 200 mg/kg versus > 200 mg/kg) 

6. Number of dextrose gel doses administered (1 versus > 1 dose) 

7. Time of administration of first dose of gel (≤ 1 hour of age versus after 1 hour of age versus after 2 

hours of age) 

7.3.14 Sensitivity analysis 

We will conduct sensitivity analysis by examining only those trials considered to have a low risk of bias.  We 

will report on sensitivity analysis on primary outcomes only. 
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7.6 Appendices 

7.6.1 Standard search methodology 

PubMed: ((infant, newborn[MeSH] OR newborn OR neonate OR neonatal OR premature OR low birth weight 

OR VLBW OR LBW or infan* or neonat*) AND (randomized controlled trial [pt] OR controlled clinical trial [pt] 

OR randomized [tiab] OR placebo [tiab] OR drug therapy [sh] OR randomly [tiab] OR trial [tiab] OR groups 

[tiab]) NOT (animals [mh] NOT humans [mh])) 

Embase: (infant, newborn or newborn or neonate or neonatal or premature or very low birth weight or low birth 

weight or VLBW or LBW or Newborn or infan* or neonat*) AND (human not animal) AND (randomized 
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controlled trial or controlled clinical trial or randomized or placebo or clinical trials as topic or randomly or trial 

or clinical trial) 

CINAHL: (infant, newborn OR newborn OR neonate OR neonatal OR premature OR low birth weight OR 

VLBW OR LBW or Newborn or infan* or neonat*) AND (randomized controlled trial OR controlled clinical trial 

OR randomized OR placebo OR clinical trials as topic OR randomly OR trial OR PT clinical trial) 

Cochrane Library: (infant or newborn or neonate or neonatal or premature or preterm or very low birth weight 

or low birth weight or VLBW or LBW) 
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8.1 Abstract 

Triplet lambs have reduced survival and most deaths occur due to starvation and exposure, but there are few 

simple and safe interventions.  We hypothesised that buccal dextrose gel would increase blood glucose 

concentration, vigour and survival in less vigorous triplet lambs. 

Triplet lambs meeting criteria for decreased vigour were randomised to 40% dextrose or placebo gel 1 ml/kg 

via the buccal mucosa at 1 hour of age.  Primary outcome was survival at 3 hours.  The effect of gel on 

interstitial glucose concentrations was assessed by continuous glucose monitoring in twin lambs. 

Lambs randomised to dextrose gel did not have higher blood glucose concentrations or better survival than 

those randomised to placebo.  Low temperature at 1 hour after birth, rather than birthweight or blood glucose 

concentrations was associated with decreased survival.  

Interventions to address hypothermia rather than hypoglycaemia may be most effective in improving survival 

in less vigorous triplet lambs. 

8.2 Introduction 

Common agricultural practice is to maximise the number of lambs delivered per ewe in order to maximise 

financial return, with 120.9% ewe-lamb return reported for New Zealand in 2015 (Beef and Lamb New 

Zealand, 2015).  In a 2015 survey of New Zealand sheep farmers, lamb survival was considered the most 

important area for future research (Greer et al., 2015).  Improving lamb survival has the potential for 

significant economic benefit to New Zealand with the total flock for 2015 of 29.5 million and lamb export value 

for 2015-16 estimated to be $2.8 billion (Statistics New Zealand, 2015). 

Sheep have not evolved naturally to have multiple pregnancies, but have been selectively bred to increase 

yield with the preference for twin and triplet pregnancies in order to maximise productivity.  However, lamb 

survival rates in New Zealand are highest in singles (90%) (Muir & Thomson, 2009) and twins (88%) (Muir & 

Thomson, 2009) with only 54 to 77% of triplets surviving (Kenyon, Revell, & Morris, 2006; Muir & Thomson, 

2009).  Lamb survival is affected by both maternal ewe factors including genotype, nutrition, stress, uterine 
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environment, multiplicity, dystocia, maternal bonding and behaviour, and colostrum and milk production and 

by lamb factors including birthweight and ability to cope with the thermal environment.   

Most lamb death occurs within the first 3 days after birth (Dalton, Knight, & Johnson, 1980).  Starvation is the 

most frequent cause of death in multiples and increases with decreasing birthweight (Dalton et al., 1980).  

Lambs that are unable to stand and feed within the first few minutes have higher mortality (Cloete & Scholtz, 

1998).  Since newborn lambs utilise their glycogen stores rapidly over the first few hours after birth (Shelley, 

1960), without adequate nutrition, vigour will decrease further, compounded by the deleterious effect of 

hypothermia and ultimately leading to the demise of the weakest lamb(s).  We have observed previously that 

early feeding of expressed colostrum to preterm or small lambs appeared to increase vigour, udder seeking 

and successful spontaneous feeding (unpublished observations – Anne Jaquiery). 

Intensive farming is associated with increased survival of multiple gestation lambs (Muir & Thomson, 2009) 

but at financial and fatigue cost to the farmer (Fisher, 2003) who must either house the ewes during parturition 

and monitor and intervene him/herself or pay farm labourers to do so.  Intra-abdominal injection of 20% 

dextrose has been used elsewhere to revive starving and hypothermic lambs, but requires training in 

administration, is expensive and has potential risks (Beef and Lamb New Zealand, 2012; Department for 

Environment, 2004; Martin, 2010).  For farmers managing large flocks of sheep in the paddock, any method of 

improving survival must be cheap, quick and simple to administer and be safe in the food chain for those 

farming for meat. 

We hypothesised that buccal dextrose gel, which is used to treat hypoglycaemic newborn babies  (Harris et 

al., 2013), could also be useful in newborn lambs, potentially increasing energy in less vigorous lambs and 

thereby improving their ability to compete at the udder for nutrition, and hence improving survival.   

8.3 Aims 

1. To assess the effect of buccal administration of dextrose gel in the early postnatal period on triplet lamb 

survival and vigour, feeding and growth. 

2. To determine whether buccal dextrose gel has any effect on the interstitial glucose concentration. 
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8.4 Methods  

We studied lambs from triplet and twin pregnancies at a university research farm, central North Island, New 

Zealand.  Ethical approval was obtained from the University of Auckland, Animal Ethics Committee.  All 

animal care was undertaken in accordance with the Animal Welfare Act 1999 (National Animal Ethics 

Advisory Committee, 1999), the University of Auckland Code of Ethical Conduct and the National Animal 

Ethics Advisory Committee (NAEAC) Good Practice Guide for the Use of Animals in Research, Testing and 

Teaching (National Animal Ethics Advisory Committee, 2010a). 

8.4.1 Animal husbandry 

Romney ewes underwent synchronisation of oestrous (CIDR G, Zoetis, NZ) (Wheaton, Carlson, Windels, & 

Johnston, 1993) before mating with Dorset rams.  Pregnant Romney ewes with triplet or twin conceptions 

detected by ultrasound scanning 49 and 70 days after ram exposure were fed a complete ration concentrate 

feed (10 MJ/kg) (UniC, Dunstan Nutrition, Hamilton, NZ) for 10 days during in-paddock acclimatisation as 

described in Oliver et al. (Oliver, Hawkins, & Harding, 2005) before being placed in the feedlot one week 

before their expected date of delivery (~ day 138) to acclimatise to environment.  On day 142 ewes were 

moved into individual pens to monitor for onset of labour.  Ewes were continually in the presence of other 

ewes throughout the trial.  Ewes and lambs were returned to the paddock 48 hours after birth of the last lamb 

and when the ewe and lambs were considered able to return outside.   

8.4.2 Management at birth 

We observed all ewes with triplet pregnancies continually from onset of labour.  Ewes with twin pregnancies 

were monitored intermittently during daytime hours only. 

Assistance was provided during delivery as required using standard University of Auckland Code of Ethical 

Conduct and Animal Ethics Committee approved facility standard operating procedures which adhere to the 

Animal Welfare Act (1999) (National Animal Ethics Advisory Committee, 1999) and conform to 

recommendations of the National Animal Welfare Advisory Committee (NAWAC) code issued under that Act 

(Sheep & Beef, Code of Welfare, 2008) (National Animal Ethics Advisory Committee, 2010b) and included 
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intervention for i) obvious malpresentation, ii) delayed progress of > 30 minutes after normally presenting part 

seen and iii) no presenting part after 60 minutes of heavy contractions and correction of presentation if 

required.  Birth assistance scores were allocated to each lamb:  0 = unassisted, easy uncomplicated delivery, 

short duration (< 30 minutes from membrane rupture to lamb delivery; if time of membrane rupture not clear, < 

30 minutes from appearance of presenting part to lamb delivery), 1 = unassisted, easy uncomplicated delivery 

of long duration (> 30 minutes from membrane rupture to lamb delivery; if time of membrane rupture not clear, 

> 30 minutes from appearance of presenting part to lamb delivery), 2 = minor assistance required - e.g. 

presentation corrected, little effort required to deliver lamb, 3 = major assistance required – difficult delivery 

requiring effort to deliver lamb (Matheson et al., 2011).  Veterinary assistance (= birth assistance score 4) was 

not available for this study.  After birth, lambs that were not breathing despite being licked and stimulated by 

the ewe over the first minute received simple resuscitation measures including clearing of membranes/other 

material from mouth and nose and stimulation by drying.     

8.4.3 Trial design 

Two randomised double-blind placebo controlled trials studying: 1) Effect of buccal dextrose on triplet survival, 

and 2) Effect of buccal dextrose on interstitial glucose concentrations. 

8.4.4 Entry criteria 

Effect of buccal dextrose on triplet survival trial 

Lambs born from a triplet pregnancy which met at least one of the following inclusion criteria; third born lamb, 

birth assistance score = 3, lamb vigour ≥ 3 at 5 minutes, lamb weight ≤ 3.5 kg or rectal temperature ≤ 38 ºC at 

1 hour after birth.  Lambs that did not meet the criteria for trial intervention were observed but received no 

buccal gel.   

Effect of buccal dextrose on interstitial glucose trial 

Twin lambs that were 36 to 48 hours old, spontaneously feeding and no health concerns for ewe or lambs. 
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8.4.5 Randomisation 

Both trials 

Intervention gel (40% dextrose) and identical appearing placebo (2% hydroxymethylcellulose) were 

manufactured by Biomed (Auckland, New Zealand) and provided in bottles labelled A or B.  The allocation 

code was held by a member of the data team not involved in the trial procedures. 

Prior to onset of labour, ewes were randomly allocated to gel A or B by selection of a folded randomisation 

slip selected from a hat by a staff member not participating in trial interventions, data collection or analysis.  

Lambs eligible for trial buccal gel were subsequently given the allocated gel.  All study investigators were 

masked to treatment group allocation throughout the study. 

8.4.6 Interventions 

Effect of buccal glucose on triplet survival trial 

At 1 hour after birth lambs were weighed and rectal temperature taken.  Lambs who met the criteria for trial 

intervention had blood sampled from a jugular vein for measurement of blood glucose and lactate 

concentrations at 1 and 3 hours after birth using a Yellow Springs 2300 STAT Plus glucose analyser (Yellow 

Springs Instruments Inc., Yellow Springs, Ohio, USA).  Study gel 1 ml/kg (1 ml/kg of 40% dextrose = 400 

mg/kg glucose) was massaged into the buccal mucosa immediately after blood glucose sampling at 1 hour 

and the lamb was returned to the pen.  

Effect of buccal glucose on interstitial glucose trial 

On the second day after birth, lambs were separated from the ewe immediately following an observed feed 

and placed in an adjacent pen to undergo fasting.  Only one twin was separated from the ewe at a time.  

Forty-five minutes after fasting commenced, wool was clipped from a small area on the lamb’s back, the area 

was disinfected with hibitane in alcohol, and a continuous glucose monitor sensor (Medtronic ‘Sof-Sensor
®
’) 

was inserted subcutaneously.  The monitor (CGMS
®
 Gold™, Medtronic, MiniMed, Northridge, California, USA) 

was attached after 15 minutes of sensor ‘wetting time’ and secured with veterinary tape.  Blood was sampled 
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from a jugular vein for measurement of blood glucose and lactate concentrations at 2, 3, 4 and 6 hours after 

fasting commenced.  Study gel 1 ml/kg was massaged into the buccal mucosa at 2 hours after the baseline 

blood sampling. 

8.4.7 Observations 

Effect of buccal glucose on triplet survival trial 

Lamb vigour was scored at 5 minutes after birth using a validated scoring system of 0 to 4, where 0 = 

vigorous, active, has been standing on all 4 hooves and 4 = very weak lamb, little movement (Matheson et al., 

2011).  Additional measures of lamb activity included time from birth to first stand (defined as up on all 4 

hooves for at least 5 seconds) and time from birth to first successful feed (defined as teat in mouth and 

appeared to be sucking for at least 5 seconds). 

Feeding behaviour was observed from birth to 3 hours and documented as i) number of suck attempts (in 

position with head under ewe in udder area, but prevented from achieving sucking by ewe movement or 

leaves region within 5 seconds) ii) number of successful sucks (teat in mouth and appeared to be sucking for 

at least 5 seconds) (Matheson et al., 2011). 

All lambs were weighed at 1 hour after birth, day 2 and week 3 and 6. 

Effect of buccal glucose on interstitial glucose trial 

No additional observations were made. 
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8.4.8 Outcomes 

Effect of buccal glucose on triplet survival trial 

The primary outcome was lamb survival at 3 hours after birth.  Lambs that did not feed successfully by 3 

hours were considered likely to have died in an outdoor environment without monitoring and intervention, and 

were therefore allocated to non-survival as the primary outcome (proxy death).  These lambs were removed 

from the study, given simple cares (e.g. a coat if cold) and artificially fed.  Survivors subsequently were 

rehomed. 

Additional exploratory analyses included: i) effect of temperature on survival, ii) effect of birth rank on survival, 

iii) effect of time to feed on blood glucose concentration and iv) effect of time to stand on survival. 

Effect of buccal glucose on interstitial glucose trial 

The primary outcome of this exploratory study was to determine if administration of buccal dextrose was 

associated with an increment in interstitial glucose concentration.  Additional exploratory analyses included: i) 

time of onset of increment in interstitial glucose after buccal gel administration and ii) duration of increment in 

interstitial glucose. 

8.4.9 Statistical analysis 

Both trials 

Data were analysed using JMP version 10.0 (SAS Institute Inc., North Carolina, USA).  Interstitial glucose 

data were analysed using SAS (v9.3 SAS Institute Inc.).  Categorical data were compared using contingency 

analysis with Pearsons test for large samples and Fishers exact 2 tail if n < 5.  Continuous data were 

compared using analysis of variance or Wilcoxon (Mann–Whitney) tests as appropriate.  Primary and 

secondary outcomes were compared between groups using logistic regression.  Continuous glucose 

monitoring data were recalibrated using retrospective calibration algorithms (Signal et al., 2012) and 

compared between groups using a mixed model analysis to account for repeated measures and time from gel 
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administration.  Data are presented as median (range), number (%), β coefficient (standard error) and 

regression coefficient or odds ratio and 95% confidence intervals.   

8.4.9.1 Power and sample size 

Effect of buccal glucose on triplet survival trial 

We estimated that to show a reduction of lamb loss from 25% to 20%, with 80% power, we would need 32 

lambs allocated to placebo and 32 lambs allocated to dextrose gel.   

Effect of buccal glucose on interstitial glucose trial 

No power or sample size was calculated for this exploratory study. 

8.5 Results 

8.5.1 Baseline details 

A total of 75 lambs were born to 25 ewes with triplet pregnancies who delivered at term gestation during 6 

lambing groups between October 2013 and October 2014 (Figure 8.1).  
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Figure 8.1  ARRIVE diagram – Effect of buccal glucose on triplet survival trial 
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Thirty of the 75 (40%) lambs presented normally and 45/75 (60%) presented abnormally.  Overall 39/75 (52%) 

lambs required birth assistance and 36/45 (80%) of those with an abnormal presentation required birth 

assistance.  Two lambs were stillborn and two lambs with weak cardiac impulse and not breathing were 

unable to be resuscitated.  Twenty-four of the 75 lambs needed resuscitation at birth.  Forty one lambs met 

the criteria for trial intervention and 30 lambs that did not meet criteria remained under observation only. 

By design, lambs that met criteria for study intervention were less vigorous than those that did not, as 

indicated by lambs that met the criteria being more likely to need assistance at birth, having a higher birth 

assistance score, being more likely to be third born, more likely to require resuscitation, having a higher 

(worse) vigour score, being slower to feed and having fewer successful feeds in the first hour after birth  

(Table 8.1).  
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Table 8.1  Baseline characteristics of triplet lambs 

 Met criteria for trial intervention 

Did not 
meet 

criteria for 
trial 

intervention 

  

 
Dextrose Placebo Total Observed 

Dextrose vs 
placebo  

Met criteria 
vs did not 

meet 
criteria 

Number of lambs 22 19 41 30   

Required birth assistance  10 (45) 16 (84) 26 (63) 10 (33) P = 0.02 P = 0.02 

Birth assistance score 
 

  
 

 
P = 0.02 P = 0.004 

0 12 (55) 3 (16) 15 (37) 20 (67)   

1 1 (5) 2 (11) 3 (7) 1 (3)   

2 6 (27) 4 (21) 10 (24) 9 (30)   

3 3 (14) 10 (53) 13 (32) 0   

Birth order 
  

 
 

P = 0.96 P  <0.0001 

1 4 (18) 3 (16) 7 (17) 14 (47)   

2 5 (23) 4 (21) 9 (21) 16 (53)   

3 13 (59) 12 (63) 25 (61) 0   

Male 12 (55) 13 (68) 23 (56) 13 (43) P = 0.21 P = 0.34 

Birth weight (g) 
 3785 

(3089, 5320) 
4280  

(2650, 5840) 
3950 

(2650, 5840) 
4215 

(3560, 6470) 
P = 0.01 P = 0.10 

Required resuscitation 12 (55) 10 (52) 22 (54) 4 (13) P = 1.00 P = 0.0005 

Vigour score at 5 minutes 
after birth

 
   

 
 

P = 0.58 P = 0.004 

0 0 1 (5) 1 (2) 2 (7)   

1 0 1 (5) 1 (2) 2 (7)   

2 14 (65) 9 (47) 23 (56) 26 (87)   

3 7 (32) 7 (37) 14 (34) 0   

4 1 (5) 1 (5) 2 (5) 0   

Time of first stand 
(minutes after birth)

 
  

20 (11, 46) 19 (5, 33) 20 (5, 33) 15 (4, 47) P = 0.40 P = 0.19 

Time of first feed 
(minutes after birth) 

86 (25, 145) 55 (25, 198) 76 (25, 198) 50 (6, 189) P = 0.73 P = 0.02 

Suck attempts - first hour 
after birth (pre-gel) 

7 (0, 15) 2  (0, 8) 4 (0, 15) 5 (0, 24) P = 0.05 P = 0.42 

Successful feeds - first 
hour after birth (pre gel) 

0 (0, 5) 0 (0, 5) 0 (0, 5) 1 (0, 14) P = 0.83 P = 0.01 

Rectal temp at 1 hour  
after birth  

39.5  
(33.6, 40.2) 

39.8 
(38.7, 40.9) 

39.6 
(33.6, 40.9) 

39.6 
(38.1, 41.1) 

P = 0.02 P = 0.99 

Data are presented as number (%), median (minimum, maximum) or P  
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Unfortunately, lambs randomised to dextrose gel were also less vigorous than those randomised to placebo 

as indicated by being more likely to require birth assistance, having a higher birth assistance score, being of 

lower birthweight and having a lower rectal temperature at 1 hour after birth (Table 8.1).  These factors that 

were not balanced between randomisation groups were potentially related to the primary outcome.  Lambs 

that survived to 3 hours after birth had a higher rectal temperature at 1 hour than those that died (median 

(range) 39.7 (35.6, 41.1) ºC vs 39.3 (33.6, 40.9) ºC, P = 0.02).  Birthweight was similar for lambs that survived 

and those that died (mean ± SD 4256 ± 761 g vs 4025 ± 720 g, P = 0.34), but was higher in lambs that did not 

require birth assistance than in those that did (4551 ± 750 g vs 3873 ± 592 g, P < 0.0001) and higher 

birthweight was associated with higher rectal temperature at 1 hour (β = 0.34 ± 0.16 ºC/kg, r
2
= 0.06, P = 0.04).  

There was no association between requirement for birth assistance and rectal temperature median (range) 

temperature needed birth assistance 39.7 (35.6, 40.9) ºC vs did not 39.5 (33.6, 41.1) ºC, P = 0.35) (Table 

8.2).  We therefore adjusted primary and secondary outcomes for rectal temperature at 1 hour and 

requirement for birth assistance.  
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Table 8.2  Outcomes - effect of buccal glucose on triplet survival trial 

 Met criteria for trial intervention 

Did not 
meet criteria 

for trial 
intervention Dextrose vs 

placebo 
adjusted 

Met criteria 
vs did not 

meet criteria 
adjusted 

 
Dextrose Placebo Total Observed 

Number of lambs 22 19  30   

Survival at  3 hours after 
birth

 18 (82) 14  (74) 32 (78) 27 (90) P = 0.50 P = 0.61 

Suck attempts - second 
and third hour after birth 
(post-gel)

1
 

15 (0, 57) 7 (0, 36) 10 (0, 57) 10 (1, 24) P = 0.12 P = 0.13 

Successful feeds - second 
and third hour after birth 
(post-gel)

 
5 (0, 15) 3 (0, 23) 4 (0, 23) 6 (0, 22) P = 0.41 P = 0.41 

Blood glucose 
concentration (mM) 

      

at 1 hour after birth  
(pre-gel) 

2.29 
(0.32, 7.17) 

2.61 
(0.82, 6.78) 

2.44 
(0.32, 7.17) 

 P = 0.85  

at 3 hours after birth 
(2h post-gel) 

2.82 
(1.78, 6.89) 

3.07 
(0.84, 13.20)

1
 

2.84 
(0.84, 13.20)

2
 

 P = 0.46  

Change in blood glucose 
concentration (mM) 

+ 0.85 
(-5.12, 3.60) 

+ 0.38 
(-3.7, 9.68)

1
 

+ 0.51 
(-5.12, 9.68)

2
 

 P = 0.52  

Lactate (mM)       

at 1 hour after birth  
(pre-gel) 

3.14 
(1.61, 12.30) 

3.82 
(1.28, 13.60) 

3.24 
(1.28, 13.60) 

 P = 0.18  

at 3 hours after birth 
(2h post-gel) 

1.96 
(0.75, 10.40) 

2.71 
(1.02, 10.60)

1
 

2.35 
(0.75, 10.60)

2
 

 P = 0.58  

Change in lactate (mM) 
+ 0.85 

(-5.12, 3.60) 
+ 0.38 

(-3.7, 9.68)
1
 

+ 0.51 
(-5.12, 9.68)

2
 

 P = 0.35  

Data are presented as number (%) or median (minimum, maximum) unless stated otherwise.  
1
 n = 17 and 

2
 n = 39 two 

lambs met criteria for proxy death before time of second blood sample.  P values are adjusted for requirement for birth 

assistance and rectal temperature.  
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All lambs that met the criteria for intervention received the correct dose of gel at the correct time (median 

(range) 66 (58, 77) minutes for lambs randomised to the dextrose gel group and 67 (61, 80) minutes for lambs 

randomised to the placebo groups), and blood sampling as per protocol (first sample at 64 (53, 74) minutes 

for the dextrose gel group and 62 (57, 70) minutes for the placebo gel group; second sample at 180 (121, 

192) minutes in the dextrose and 180 (99, 183) minutes in the placebo group). 

8.5.2 Outcomes 

8.5.2.1 Overall survival 

The majority of lambs met the primary outcome of lamb survival at 3 hours after birth (59/71, 83%).  Of the 

twelve lambs (17%) that met the criteria for proxy death, four were removed from the study before 3 hours as 

they appeared near death and 8 eight had not fed by 3 hours.  An additional six lambs died in the paddock 

and 11 lambs required formula feeds beyond the 3 hour intensive monitoring trial period.  Therefore, overall 

65/75 (87%) scanned triplet fetuses were alive at 6 weeks after birth, with 23/65 survivors (35%) having 

needed intervention including artificial feeding.  Hence, only 42/75 (56%) survived to 6 weeks without active 

intervention.  As expected, lambs that met the criteria for study intervention were more likely to die before six 

weeks than lambs that did not meet the criteria (adjusted OR = 3.3, 95% CI 1.1, 10.5, P = 0.03).   

For those lambs that met the criteria for intervention and had blood sampling, blood glucose concentration at 

1 hour was not associated with survival at 3 hours (median (range) survived 2.37 (0.82, 7.17) mM vs died 2.66 

(0.32, 4.41) mM, P = 0.65) or at 6 weeks (2.44 (0.87, 6.77) mM vs 2.47 (0.32, 7.17) mM, P = 0.91).  Blood 

lactate concentration at 1 hour was also not associated with survival at 3 hours (survived 3.22 (1.28, 13.60) 

mM vs died 3.70 (2.36, 12.30) mM, P = 0.25) or at 6 weeks (2.10 (1.28, 13.60) mM vs 3.14 (1.28, 12.30) mM, 

P = 0.92).   

Effect of buccal glucose on triplet survival 

There was no difference in the primary outcome of survival to 3 hours after birth between the lambs who 

received dextrose or placebo gel (dextrose 18/22 (82%), placebo 14/19 (74%), adjusted OR 2.0, 95% CI 0.3, 

16.5, P = 0.50).  (Table 8.2)  When compared with placebo gel, dextrose gel did not significantly increase the 
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number of suck attempts after gel (median (range) dextrose 15 (0, 57) vs placebo 7 (0, 36) adjusted P = 0.12) 

or successful feeds (dextrose 5 (0, 15) vs placebo 3 (0, 23) adjusted P = 0.41).  Dextrose gel, compared to 

placebo, also had no significant effect on blood glucose or lactate concentrations (Table 8.2). 

8.5.3 Additional exploratory analyses  

8.5.3.1 Effect of birth rank on survival 

There was no significant effect of birth rank on survival at 3 hours for all 75 lambs born, with 20/25, 80% of 

firstborn, 19/25, 76% of second born and 20/25, 80% of third born lambs surviving (overall P = 0.92).   

8.5.3.2 Effect of time to feed on blood glucose concentration 

The positive relationship between time to first feed and blood glucose concentration at 1 hour did not reach 

statistical significance (β = 0.012 ± 0.006 mM/hour, r
2 
= 0.11, P = 0.06).   

8.5.3.3 Effect of time to stand on survival 

For this outcome, four lambs that were stillborn or did not respond to resuscitation were excluded and lambs 

that never stood (n = 3) were allocated a time to first stand of 180 minutes.  Lambs that took longer to stand 

were less likely to survive at 3 hours (median (range) time to stand survived 16 (4 – 46) minutes vs died 27 (7 

– 180) minutes, P = 0.02).   

8.5.3.4 Effect of buccal glucose on interstitial glucose 

Ten lambs were born at term to five ewes with twin pregnancies in June 2014.  Three ewes and therefore six 

lambs (three male) were randomised to dextrose gel and two ewes and therefore four lambs (one male) to 

placebo gel.  All lambs completed 6 hours of fasting and 4 hours of interstitial glucose monitoring.  Baseline 

characteristics were similar in lambs randomised to dextrose and placebo gel (Table 8.3).  Median (range) 

birthweight was similar for both groups (dextrose 4900g (3500, 6400) vs placebo (4500g (600, 5300), P = 
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0.67).  Complete interstitial glucose data was available for nine lambs (the sensor failed at 2 hours in one 

lamb).  

Table 8.3  Baseline characteristics - effect of buccal glucose on interstitial glucose trial in lambs 

 
Dextrose  Placebo 

Dextrose vs 
placebo 

Total 

number of lambs 6 4  10 

Male 3 (50) 1 (25) P = 0.57 4 (40) 

Birth weight (g) 
1 4900 

(3500, 6400) 
4500 

(3600,5300) 
P = 0.67 

4800 
(3500, 6400) 

Data are presented as number (%) except for 1 median (range) 

Mean interstitial glucose concentrations were similar in lambs who received dextrose and placebo gel (P = 

0.78) and decreased slightly over the study period in both groups, (mean (SD)) 5.32 (0.46) mM to 4.99 (0.48) 

mM, P < 0.0001).  This decrease was similar in both treatment groups (P time*treatment = 0.066) (Figure 8.2). 
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Figure 8.2  Interstitial glucose concentrations in twin lambs given dextrose or placebo gel 

 

Mean (95%CI) interstitial glucose concentrations for each 30 minute period from time of gel administration to completion of 

continuous glucose monitoring for lambs given dextrose and placebo gel.  Overall mean interstitial glucose concentrations 

were similar in both groups (P= 0.78).  Concentrations decreased slightly over the study period in both groups, (P < 

0.0001), and this decrease was also similar in both groups (P time*treatment = 0.066).  
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8.6 Discussion 

Recent clinical research in newborn babies, including preterm and small babies, has demonstrated that buccal 

administration of dextrose gel reverses hypoglycaemia in the first few hours after birth (Harris et al., 2013).  

We had previously observed an increase in vigour in small weak lambs given colostrum and hypothesised that 

buccal dextrose gel may have a similar effect and reduce the need for artificial feeding and separation of the 

ewe and lamb.  We therefore developed this trial to explore the effect of buccal dextrose gel on lamb survival 

on lambs that were least vigorous and therefore less likely to be able to compete with siblings to obtain 

adequate nutrition immediately after birth.   

8.6.1 Primary outcome 

Contrary to our hypothesis, dextrose gel had no effect on survival at 3 hours after birth.  There are several 

possible reasons for this finding.  First, hypoglycaemia may not be a major contributor to lamb death.  Indeed, 

we found no association between blood glucose at 1 hour after birth and survival at 3 hours or at 6 weeks.  

Although colostrum improved lamb vigour in previous trials, it may have been another substrate, rather than 

glucose, in the colostrum that was important.  Intra-abdominal injection of 20% dextrose has been used 

elsewhere (Beef and Lamb New Zealand, 2012; Department for Environment, 2004; Martin, 2010) to revive 

starving and hypothermic lambs, but has not been tested in a randomised controlled trial. 

Second, the dose of dextrose gel we used may not have been large enough to have any effect on survival.  

This dose was chosen based a combination of the dose used for treatment of hypoglycaemia in humans 

(Harris et al., 2013; Lilien et al., 1980) (0.5 ml/kg 40% dextrose or 200 mg/kg) and the doses being 

investigated for prevention of hypoglycaemia in humans (Hegarty et al., 2015) which included a larger single 

dose of 1 ml/kg 40% dextrose gel.  We wished to separate the lamb and ewe only once to administer gel and 

so selected a single dose regime.  We selected a dose of 1 ml/kg as we considered it more likely to increase 

the glucose concentration than the 0.5 ml/kg dose, but anticipated that an even larger dose volume would 

increase the time to administer and therefore increase the separation time for ewe and lamb and increase the 

distress to both.  However, the dose previously used for intra-abdominal injection was 10 ml/kg of 20% 

dextrose (2000 mg/kg), which is five times the dose that we investigated.  Indeed, in our study, dextrose gel 

did not change blood glucose concentrations.  If there was a transient increase in blood glucose concentration 
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that we missed due to timing of blood sampling, we should have detected this on the interstitial monitoring.  

Moderate agreement between interstitial and blood glucose concentrations has been demonstrated previously 

during continuous glucose monitoring in newborn lambs (Harris, Battin, et al., 2009).  Therefore, it seems 

unlikely the dose of gel that we investigated changed circulating glucose concentrations. 

It is possible that 400 mg/kg glucose may have been absorbed and metabolised without any detectable 

increase in circulating glucose concentrations, particularly in the twin lambs where 2 hours of fasting may not 

have been enough to deplete hepatic glycogen stores, cause hypoglycaemia and inhibit insulin production.  

Furthermore, handling for interventions including buccal gel administration may still have been stressful to the 

lambs, leading to increased catecholamine production and therefore inducing glucagon release of glucose 

from glycogen stores for both dextrose and placebo gel groups.   

Finally, the dextrose gel may not have been absorbed via the buccal mucosa.  There are no published data on 

the efficacy of buccal dextrose absorption in lambs (or humans).  Sheep buccal mucosa is used for in-vitro 

testing of human medications (Hoogstraate & Wertz, 1998) and buccal massage of dextrose gel is effective in 

treatment of hypoglycaemia in adult humans (American Diabetes Association, 2013), children (Clarke et al., 

2009) and newborn babies (Harris et al., 2013).  However, sheep buccal mucosa is keratinised and thicker 

than human buccal mucosa with more similarity to the human palatal mucosal than the non-keratinised human 

buccal mucosa (Sa et al., 2016).  Therefore, it is possible that a 400 mg/kg buccal mucosal dose of glucose is 

less well absorbed in lambs than in humans. 

8.6.2 Overall survival 

The overall survival of the triplet cohort of lambs studied was higher than that reported previously (Dalton et 

al., 1980; Kenyon et al., 2006; Muir & Thomson, 2009), with 87% of scanned triplet fetuses alive at 6 weeks 

after birth.  This might have been due to the high level of intervention among our cohort.  We housed the ewes 

indoors during lambing, thereby providing shelter and a higher environmental temperature than ewes and 

lambs would have been exposed to in the paddock.  It is notable that only 56% of our cohort survived to 6 

weeks without active intervention.  This active intervention included birth assistance to lambs that were 

malpresented, which may have reduced the stillbirth and early deaths.  We also resuscitated 37% of lambs 
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following birth and artificially fed all those that met the criteria for proxy death; some of these lambs may not 

have survived without these interventions.  

Lambs that met criteria for intervention were more likely to die before 6 weeks than those that were observed.  

This confirms that we selected the most vulnerable lambs for this randomised trial and reinforces the 

importance of targeting the less vigorous lambs for potential interventions that might increase survival.  

Lambs with a lower birthweight had a lower rectal temperature and lambs with a lower rectal temperature 

were more likely to die.  Smaller lambs have a larger body surface area, which leads to increased heat loss, 

and this was apparent even for our cohort of lambs managed indoors.  Previous studies have also reported 

lower survival rates in smaller lambs  (Dalton et al., 1980) and lower rectal temperatures in smallest triplet 

lambs  (Kerslake, Kenyon, Stafford, Morris, & Morel, 2010b; Stafford, Kenyon, Morris, & West, 2007).  

However, it is interesting that neither birthweight nor blood glucose concentration predicted survival for our 

cohort, suggesting that temperature rather than other aspects of physiology related to size at birth is a major 

opportunity for intervention to improve survival in triplets. 

Thermoregulation is influenced by body surface area, environmental temperature, body composition and 

intrinsic hormonal control i.e. thyroid and adrenergic hormones.  Triplet lambs, especially lightest-birthweight 

triplets, have lower thyroid hormone concentrations than twins and heaviest triplets (Kerslake et al., 2010b) 

and higher tri-iodothryronine concentrations are associated with increased heat production in both twin and 

triplet lambs  (Kerslake, Kenyon, Stafford, Morris, & Morel, 2010a).  However, supplementation of maternal 

ewe diet with iodine has not been shown to increase lamb plasma thyroid concentrations  (Kerslake et al., 

2010a). 

8.6.3 Feeding 

By design, less vigorous lambs that met the criteria for intervention took longer to feed than those that were 

only observed.  The overall median time to first feed was 67 minutes.  Median time to feed varies by breed 

(Cloete & Scholtz, 1998) and may take longer for subsequent multiples than first born and singleton lambs, 

but has been reported as between 30 and 60 minutes (Romney/Romney x Southdown) (Wallace, 1949), 51 

minutes (in Romney/Merino x Romney) (Asofi, 1984) and 90 minutes (Scottish Blackface and Suffolk) 
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(Matheson et al., 2011).  We are unable to comment on the relationship between time to first feed and survival 

because all lambs that had not fed by 3 hours after birth were allocated to proxy death and had artificial feeds 

for ethical reasons.  However, the duration of time from birth to first feed had no effect on blood glucose 

concentration.  This may be because the normal physiology of glycaemic control is already stable after one 

hour; the time at which we first measured blood glucose concentration. 

We did not demonstrate any increase in attempted or successful feeding following dextrose gel.  However, the 

physiology of feeding is complex and it is possible that hypoglycaemia is one of the normal physiological 

processes following birth that increase the lambs desire to feed.  Furthermore, the simple effect of separating 

the lamb and ewe may have either a positive or negative effect on desire to feed, as may the stimulus of 

buccal mucosa massage.  Maternal behaviour also affects the lambs’ ability to successfully feed, and varies 

with breed and parity, but we did not document maternal behaviour in our cohort (Cloete & Scholtz, 1998; 

Nowak & Poindron, 2006). 

8.6.4 Limitations 

Limitations to the trial included not achieving our calculated sample size, which was not possible for logistic 

reasons.  This may have reduced the potential to detect any difference in survival or other exploratory 

analyses.  Additionally, for the lambs that underwent continuous glucose monitoring, it is possible that the 

fasting period was too short, and that we therefore missed the maximal potential to demonstrate an increase 

in interstitial glucose in response to dextrose gel.  However, it is also possible that the buccal dextrose or 

buccal stimulation effected release of insulin or that adrenaline was secreted in response to the stress of 

separation from ewe and handling.  We did not monitor serum insulin or alternative substrates other than 

lactate. 

8.7 Conclusion 

In less vigorous triplet lambs, 400 mg/kg buccal dextrose gel given at 1 hour of age does not increase 

survival.  Low temperature at 1 hour after birth, rather than birthweight or blood glucose concentration, was 

associated with decreased survival in this cohort.  Our findings may suggest that interventions to address 
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hypothermia rather than just hypoglycaemia may be most effective in improving survival in less vigorous triplet 

lambs. 
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9 Discussion 

9.1 Neonatal hypoglycaemia 

Neonatal hypoglycaemia is the most common metabolic problem in newborn babies (Hay et al., 2009).  It can 

cause seizures, brain damage (Burns et al., 2008; Duvanel et al., 1999; Lucas et al., 1988) and 

neurodevelopmental impairment (Kaiser et al., 2015; Kerstjens et al., 2012; Leitner et al., 2007; Silverman et 

al., 1991; Stenninger et al., 1998; Woythaler et al., 2011).  Therefore, common clinical practice is to monitor at 

risk babies (Adamkin, 2011; Canadian Pediatric Society Fetal and Newborn Committee, 2004; National 

Institute for Health Clinical Excellence, 2015; World Health Organization, 1997).  However, there is a lack of 

agreement regarding which babies to monitor (Harris, Weston, et al., 2009), the method of monitoring 

(Cornblath et al., 2000) and the threshold for intervention (Adamkin; Cornblath et al., 2000; Harris, Weston, et 

al., 2009).  Furthermore, there are few potential strategies to prevent neonatal hypoglycaemia other than 

optimising maternal glycaemia (Hapo Study Cooperative Research Group et al., 2008; Rowan et al., 2010) 

and feeding babies soon after birth (Chertok et al., 2009).  Current practice commonly includes use of formula 

milk (Adamkin, 2011; Harris, Weston, et al., 2009) and separation of mother and baby for admission to 

neonatal intensive care (NICU), both of which can negatively affect breastfeeding. 

9.2 What this thesis adds to current knowledge 

This thesis contains the first report on the use of dextrose gel in prevention of neonatal hypoglycaemia in at 

risk babies (the pre-hPOD dosage trial) and demonstrates that dextrose gel is effective in reducing the 

incidence of neonatal hypoglycaemia.  While this is a novel and important finding, it is also important to know 

if preventing hypoglycaemia has other benefits.  For example, does preventing neonatal hypoglycaemia 

reduce admission to NICU?  Therefore, this thesis contains the protocol for a multicentre trial to determine the 

effect of prophylactic dextrose gel on admission to NICU (main-hPOD, which is currently recruiting).  The dose 

used in the main-hPOD trial was informed by the pre-hPOD dosage trial.   

However, although both preventing hypoglycaemia and reducing admission to NICU are important outcomes, 

the longer-term benefits or adverse effects, particularly on neurodevelopment, are potentially of most 

importance.  Therefore, this thesis also contains the protocol for follow-up at age 2 years of children who 

received prophylactic dextrose gel or placebo and, summary data for the first cohort of children assessed.   
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An important cycle of clinical research is to review the current evidence, assimilate novel findings and 

determine the outstanding gaps in the current clinical practice (Sackett, Rosenberg, Gray, Haynes, & 

Richardson, 1996).  This is commonly addressed by a Cochrane review, which includes a systematic review 

and meta-analysis of the evidence currently available. I have included the published protocol for a Cochrane 

review of the use of oral dextrose for prevention of neonatal hypoglycaemia within this thesis.  

Finally, this thesis contains the investigation of the use of oral dextrose gel to prevent neonatal hypoglycaemia 

and improve survival in an animal model.  While dextrose gel alone did not prevent hypoglycaemia or improve 

lamb survival, we demonstrated an association between low rectal temperature at 1 hour of age and 

increased lamb mortality.   

9.3 Prevention of neonatal hypoglycemia with dextrose gel 

The pre-hypoglycaemia Prevention with Oral Dextrose (pre-hPOD) randomised controlled double-blinded 

dosage trial (Chapter 3) was undertaken in newborn babies at risk of neonatal hypoglycaemia born in two 

hospitals in Auckland, New Zealand.  Any dose of dextrose gel was effective in reducing the incidence of 

hypoglycaemia (blood glucose concentration < 2.6 mM in the first 48 hours after birth).   

Dextrose gel did not reduce overall rates of NICU but admission for hypoglycaemia was less common in 

babies randomised to dextrose.  However, this dosage trial was not powered to detect differences in 

admission to NICU.  Rates of breastfeeding were similar for babies who received dextrose and placebo and 

comparable with local breastfeeding rates (National Women's Health, 2014) for infants at risk of neonatal 

hypoglycaemia.   

We selected a single dose of 0.5 ml/kg (200 mg/kg) of 40% dextrose gel for use in the subsequent trial to 

determine effect on admission to NICU. 

9.3.1 Practical challenges of the pre-hPOD trial  

9.3.1.1 Recruitment 

Most of the babies in the pre-hPOD cohort were infants of diabetics (IDM).  One of the reasons for this was 

that we identified and recruited participants antenatally.  Pregnant women with diabetes were more easily 

identified than women pregnant with babies who might have other potential risk factors, such as late-preterm 
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birth.  We considered antenatal recruitment ethically important, to ensure that mothers had adequate time to 

consider participation and to avoid consenting during labour, when informed consent with detailed discussion 

is less practicable (Hundley & Cheyne, 2004).  Another reason the majority of the pre-hPOD cohort were IDM, 

was because we prioritised the risk factors for analysis purposes, so that IDM was designated the primary risk 

factor even in babies who were also late-preterm, small for gestational age (SGA) or large for gestational age 

(LGA).   

Finally, we found that the majority of recruitment and consent was undertaken by the research rather than 

clinical staff, and that a constant presence by research staff was needed on the antenatal ward or admission 

unit to ensure that all women pregnant with babies eligible to participate were made aware of the trial.  This 

was not always possible due to limited funding for research staff, leading to the preferential recruitment of 

women with more easily identified antenatal risk factors.  The need for the large amount of research staff input 

may have been due to the high workload of the clinical staff necessarily taking a priority over research.  

Indeed, it is well recognised that this clinical workload is one of a number of reasons that intrapartum 

recruitment rates are lower than antenatal (Hundley & Cheyne, 2004; Tooher, Middleton, & Crowther, 2008).  

Additionally, we found during recruitment that most women were not informed until late in pregnancy 

(approximately 34 to 36 weeks’ gestation) that their baby was at risk of neonatal hypoglycaemia and would 

need blood glucose monitoring as part of standard clinical care.  This led to additional difficulty in recruitment 

of women admitted for delivery prior to this clinical conversation, as if we approached women before this 

information had been imparted by their clinician, parents-to-be often found it difficult to separate the clinically 

required care and the optional research participation.    

9.3.2 Continuous Glucose Monitoring  

During trial planning we discussed making continuous glucose monitoring an integral part of the trial protocol.  

However, by doing do we risked losing potential participants who would otherwise have consented to trial 

participation.  Babies eligible to participate in pre-hPOD were perceived as healthy and not necessarily at 

increased risk or sick by parents and clinical staff, and were expected to remain on the postnatal ward under 

routine care with their mothers.  Indeed, some guidelines do not include LGA as a risk factor for neonatal 

hypoglycaemia, and Auckland City Hospital did not list preterm birth as a risk factor within the hypoglycaemia 

guideline prior to the pre-hPOD study.  This is different from babies who are considered unwell (e.g. babies 

requiring cardiac surgery) (Hoehn et al., 2005) or in NICU where parents recognise the benefit of research 
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and often have high participation in clinical research (Morley, Lau, Davis, & Morse, 2005; Singhal, Oberle, 

Darwish, & Burgess, 2004).  

Furthermore, it was important to balance recruitment in a timely manner and within funding constraints against 

our desire to obtain continuous glucose monitoring data, as interstitial glucose concentrations were not 

included in the pre-defined primary or secondary outcomes for the trial, but had the potential to be important in 

selecting the optimal dose and adding to the current knowledge about continuous glucose monitor use in 

neonates.  Therefore, we included continuous glucose monitoring in all initial recruitment conversations, but if 

parents appeared reluctant to consent to their baby’s participation due to continuous glucose monitoring, we 

explained that it was optional.  We limited the duration of monitoring to 48 hours for similar reasons. 

9.3.3 Glucose oxidase analysis 

We considered it important to use the gold standard glucose oxidase method of glucose analysis during the 

trial.  The method of glucose measurement most commonly in clinical use outside the NICU was not a glucose 

oxidase method.  Therefore, we had to introduce a new point-of-care monitor (i-STAT
®
) to all clinical areas 

that would have babies participating in pre-hPOD.  We were extremely grateful for the support of the point-of-

care team in doing so.  However, undertaking and maintaining the education of the use of this new equipment 

was a complex and time-consuming process.  There are a number of barriers to introducing a change in 

clinical practice (Grol & Grimshaw, 2003) and yet we had to implement this change for the research 

participants before recruitment could commence and ensure that the use remained close to 100% for all 

samples taken from study participants.  It is possible that the rate of withdrawal from the trial was influenced 

by the perception of clinical staff regarding the i-STAT
®
 analyser, with which they were less familiar, as we 

found the most common reason for withdrawal was related to ‘blood sampling’. 

It is interesting that the method of glucose analysis in clinical use in many clinical settings caring for neonatal 

patients is not the recommended gold standard method.  This is important as it introduces inaccuracy in 

monitoring and the potential for inaccurate blood glucose concentrations which will lead to both over- and 

under- treatment of hypoglycaemia (Freckmann et al., 2010; Ho et al., 2004; Khan et al., 2006).  For example, 

a recent comparative study of non-glucose oxidase point of care testing in neonates showed that this method 

detected only 122/178 (69%) of blood glucose concentrations of < 2.2 mM and 16/18 (89%) of concentrations 

> 8 mM diagnosed by a glucose oxidase method (Sreenivasa & Kumar, 2015).  Under-treatment will expose 
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more babies to longer durations of hypoglycaemia and the potential adverse sequelae of hypoglycaemia, 

including long-term cognitive consequences (Kaiser et al., 2015).  Over-treatment has the potential to lead to 

increased separation of babies and mothers and unnecessary medicalisation and interventions.  Furthermore, 

it is possible that higher glucose concentrations resulting from treatment of hypoglycaemia are also 

associated with adverse neurodevelopment (McKinlay et al., 2015).   

There are likely to be a number of reasons for the continued use of non-glucose oxidase point-of-care testing, 

including financial constraints within healthcare provision, a lack of knowledge of the limitations of the non-

glucose oxidase method, non-neonatal ownership of the financial budget for post-natal ward care, a delay in 

implementing change in practice and a perception that these high-risk babies are ‘low-risk’ because they 

remain on the postnatal ward and are not in intensive care units.   

Dissemination of current research findings with a clear plan for implementation of novel research into clinical 

practice is one important method of highlighting the importance of accurate monitoring.  Investigation of the 

barriers to changing practice in the postnatal ward setting may also be important before effective change 

occurs. 

9.3.4 Insulin/alternative substrates 

Ideally, we would have collected additional blood samples for measurement of insulin and alternative cerebral 

substrates during the pre-hPOD trial.  However, in addition to the introduction of a new point-of-care glucose 

oxidase monitor, we felt additional sampling might compromise our ability to retain participants within the trial.  

There is already some information on insulin (Sunehag et al., 1997) and alternative substrate concentrations 

(Baarsma et al., 1993; Harris et al., 2015b; Hawdon et al., 1992; Patel & Kalhan, 1992) in at-risk babies.  

However, additional information would have been valuable about the effect of prophylactic dextrose gel on 

babies’ insulin concentrations as transitional neonatal hypoglycaemia is increasingly being attributed to a 

transient reduction in the blood glucose concentration threshold for suppression of insulin production (Stanley 

et al., 2015).  This transitional hypoglycaemia is likely to be a normal physiological adaption to the ex-utero 

environment in healthy term babies, but for IDM, preterm, SGA and LGA babies it may become pathological 

with both short and long-term consequences (Stanley et al., 2015). 
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9.3.5 Concerns about potential impact on breastfeeding 

We considered the potential risks of administering prophylactic dextrose gel during planning for the pre-hPOD 

trial.  We were aware of both the benefit of successful breastfeeding for mother and baby (Dieterich et al., 

2013) and the evidence that supplementation or substitution of breast milk with fluids other than breast milk 

may reduce duration of breastfeeding (Becker et al., 2011; Blomquist et al., 1994; Chantry et al., 2014; Dewey 

et al., 2003; Parry et al., 2013).  Reassuringly Harris et al. demonstrated reduced rates of formula feeding 

following treatment of hypoglycaemia with dextrose gel (Harris et al., 2013).  Since formula was commonly 

used to treat hypoglycaemia (Harris et al., 2012), we considered there was potential for an important benefit of 

prevention of hypoglycaemia if it reduced subsequent formula use.  Indeed, the rates of breastfeeding at 6 

weeks were similar in our overall pre-hPOD cohort to that of the local at-risk population (National Women's 

Health, 2014).  Furthermore, they were lower than those reported in a recent study of babies at risk of 

neonatal hypoglycaemia randomised to either an ‘intensive’ management strategy (blood glucose 

concentration maintained ≥ 2.6 mM, the same definition/threshold used in hPOD), or an ‘expectant’ 

management strategy (blood glucose concentration maintained ≥ 2.0 mM) (van Kempen et al., 2014).  van 

Kempen et al. reported that 94% of babies in the intensive management group received formula, compared to 

76% in the expectant group.   

Importantly, the main hPOD trial will collect data on breastfeeding rates and will have greater power to detect 

an effect of prophylactic dextrose gel on breastfeeding than the pre-hPOD trial.   

9.4 Main-hPOD 

The initial plan was to include the main-hPOD trial in this thesis.  However, as recruitment to pre-hPOD took 

longer than the 12 months anticipated, and recruitment to main-hPOD is still ongoing (438 babies (21%) over 

17 months) this was not possible.  Delays in trial recruitment are common.  A study of UK multicentre 

randomised controlled trials reported that only one third completed recruitment on time, with lengthy 

extensions to the recruitment period commonly needed to allow completion (Campbell et al., 2007).  Despite 

this, obtaining experience in setting up and participation in managing a multi-centre randomised controlled trial 

is an important addition to my skills as a clinician researcher.  Furthermore, my participation in research will 

continue beyond this PhD as a member of the main-hPOD trial Steering Group.  I have learnt that an 

extensive number of recruitment strategies are required to maximise recruitment to a randomised controlled 
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trail and that no single strategy works best.  Many strategies have a financial cost, and are therefore limited by 

the available research trial funding, while others require considerable time to implement, and are therefore 

limited by the staff/student time available, and hence also restricted by the funding available.  Finally, although 

both the hPOD trials are for neonatal participants, the ideal trial investigators and site champions/recruiters 

are actually the midwives who provide both antenatal and postnatal care for the mothers and babies, and 

when we had support from individual midwives we had successful recruitment rates, but when midwives saw 

little advantage to their clinical practice we had less support and less recruitment or sustained participation. 

9.5 hPOD-FU@2Y 

This is the preliminary report of the neurodevelopmental follow-up of children age 2 years who were 

randomised as neonates to prophylactic dextrose gel or placebo in the pre-hPOD trial.  This initial cohort of 

100 children demonstrates an overall lower incidence of neurosensory disability than that reported in IDM 

(Wouldes et al., 2016) and similar to that of other children born at risk of neonatal hypoglycaemia (the CHYLD 

cohort) (McKinlay et al., 2015).  The different demographics and baseline characteristics between pre-hPOD 

and CHYLD cohorts may have contributed to the higher mean scores in cognitive, language and motor 

assessment in the pre-hPOD cohort.  There was a high incidence of abnormal neurological assessment in the 

hPOD-FU@2Y cohort, which was out of keeping with the high mean motor scale scores.  Follow-up of the 

pre-hPOD cohort will be completed early 2017 and with the current follow-up rate of 90%, should be 

adequately powered to determine the effect of dextrose gel on early childhood neurodevelopment.  Longer-

term follow-up is essential before a novel therapy is introduced into standard clinical practice and particularly 

so for dextrose gel which is easily administered, cheap, a desirable alternative to formula and appears to have 

no adverse consequences in the short term.  These factors/perceptions may lead to rapid widespread 

implementation of clinical prophylactic dextrose gel use in a large number of babies, as up to 30% of newborn 

babies meet the criteria for high-risk of hypoglycaemia.  Without knowledge of the longer-term effects there is 

potential for harm, particularly given the data from the CHYLD study, which suggests that a higher interstitial 

glucose is associated with more negative effect on cognitive function (McKinlay et al., 2015).  Importantly, 

follow-up may need to continue beyond age 2 years in order to detect the true effect on childhood outcomes.  

The recent study from the USA of transient hypoglycaemia and academic achievements at age 10 years, 

demonstrated that even a single low blood glucose in the neonatal period had an adverse effect on academic 

test proficiency, with reduced odds in literacy (OR 0.49, 95%CI 0.28 – 0.83) and mathematics (OR 0.49, 

95%CI 0.29 – 0.82) for those children with a blood glucose concentration of < 1.9 mM (Kaiser et al., 2015). 
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However, the potential for longer-term follow-up is often limited by funding.  The cost of long-term follow-up is 

commonly underestimated during budget planning for follow-up trials and increases with the age at follow-up.  

This increase in cost is primarily due to the higher cost of psychological testing, which takes longer to 

undertake and hence incurs higher staff costs (Doyle et al., 2015). 

Further sub-group analysis within the hPOD-FU@2Y study will be of the pre-hPOD cohort who underwent 

continuous glucose monitoring and will include comparison of the glycaemic variability data and 

neurodevelopmental outcome in those to placebo or dextrose gel.  The numbers in each group are small and 

there will almost certainly not be adequate power to determine a significant difference between dose groups.  

However, it is important to assess whether outcomes are related to the interstitial glucose concentration, and 

in particular the incidence of otherwise undetected low glucose concentrations.  Untreated low interstitial 

glucose concentrations in babies at risk of neonatal hypoglycaemia were associated with increased risk of 

visual-motor function at age 4.5 years (personal communication – Jane Harding).  As 138 of the pre-hPOD 

cohort underwent continuous glucose monitoring and all will be offered follow-up at age 2 years initially 

including motion-coherence assessment, we have the potential to add to the current knowledge of the effect 

of low interstitial glucose concentration on visual function. 

9.6 Cochrane protocol 

A Cochrane review is a standardised method of assessing clinical research.  It is recognised internationally as 

information that is high quality, peer reviewed and providing best evidence to inform clinical practice. 

Cochrane reviews inform international guidelines as well as local practice (Volmink, Siegfried, Robertson, & 

Gulmezoglu, 2004).  Furthermore, the meta-analysis undertaken as part of a Cochrane review may identify 

gaps in the current evidence, allowing synthesis of new research questions, leading to further research 

investigation (Clarke, Clarke, & Clarke, 2007).  During my PhD, I contributed to a Cochrane review as co-

author (not part of this thesis) and designed the protocol for another review as first author (Chapter 7).  The 

initial intention had been to include a Cochrane review of ‘Oral dextrose gel for prevention of neonatal 

hypoglycaemia’ in my PhD thesis as part of the literature review.  However, inclusion in my thesis was not 

possible due to lengthy delays in the editorial process.  I submitted the first draft of the protocol on 19 May 

2014, received editorial feedback on 4 December 2014 and returned the revised protocol on 2 March 2015.  

Despite multiple attempts at moving the editorial review on, final editorial review of the revised version 

occurred only on 18 March 2016.  The pre-hPOD trial is currently the only trial eligible for inclusion in the 
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review.  However, as interest increases in the potential use of dextrose gel for prevention of neonatal 

hypoglycaemia, future trials in different settings are likely to be desirable to ensure both reproducibility and 

relevance to other populations including both similar well developed/financed health care settings and less 

developed/funded healthcare settings.  We have written the protocol in order to incorporate future trials, for 

example including ‘investigator defined’ definitions for a number of the planned meta-analyses, as it is likely, 

for example, that different assessments will be used for determining neurodevelopmental outcome, or even 

different thresholds used for definition of hypoglycaemia.  Completing the meta-analysis and Cochrane 

review, and adding to it when subsequent future trials are reported, will increase the strength of the evidence 

for use (or not) of dextrose gel.   

9.7 Dextrose gel and effect on lamb vigour and survival 

This is the first reported use of oral dextrose gel in newborn lambs.  We determined that dextrose gel did not 

have any effect on survival of less vigorous lambs.  However, we may not have used a large enough dose in 

the lambs, did not reach our sample size and did not monitor insulin or ketone concentrations.  Interestingly, 

we found that higher rectal temperature, independent of birthweight, was associated with increased survival. 

Although this trial was not a part of the initial plan for this PhD, it was an interesting opportunity to take 

research the full circle and investigate a novel therapy in lambs that had first been used in babies.  

Furthermore, undertaking research in lambs enhanced my research skills as I participated in the process of 

obtaining animal ethical approval, learnt new experimental techniques and undertook research in a completely 

different environment from that of the hospital.  Importantly, these new knowledge, skills and experience will 

allow me to undertake future research in answering some of the questions still outstanding after completion of 

my PhD.  In particular, there are limited data on glucose concentrations in the first hour after birth and until the 

technology is available whereby interstitial glucose concentration is detected immediately after insertion of a 

continuous glucose monitoring sensor, we are limited in how much data we can obtain in the clinical setting.  

However, this immediate period could be monitored in an animal model and is one of the areas that I would 

like to explore following completion of my PhD (see below). 
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9.8 Future research opportunities 

9.8.1 Complete hPOD trials 

First, it is important to complete the main-hPOD trial to determine the effect of prophylactic dextrose gel on 

admission to NICU.  Once the main-hPOD trial is completed, the childhood follow-up of the total cohort who 

participated in pre- and main-hPOD (2,544 babies) will have greater power to determine the effect on 

neurodevelopmental outcome than with the pre-hPOD cohort alone.   

9.8.2 Global health  

We have demonstrated that oral (buccal) dextrose gel is effective in reducing the incidence of neonatal 

hypoglycaemia in babies born at risk in a developed country healthcare setting.  However, as dextrose gel is 

cheap, easy to administer and can be stored at room temperature, it has the potential to have significant 

impact on neonatal morbidity and mortality in less developed healthcare settings.  In a study of neonatal 

mortality in low and middle income countries (Asia, Latin America and sub-Saharan Africa), term SGA babies 

had twice the risk of neonatal death compared to appropriately grown babies and late preterm babies had 

between two (Asia) and six (Latin America) times the risk of neonatal mortality risk compared to term babies 

(Katz et al., 2013).  

In a population of term Nepalese neonates the incidence of neonatal hypoglycaemia (<2.6 mM, using the 

glucose oxidase method) was 41%.  The authors of this study considered the babies to be representative of 

well, term newborn infants from an urban population of poor and undernourished mothers and reported that 

the incidence was likely to be higher in a rural setting, where nutrition and financial constraints would be even 

higher (Pal et al., 2000).  A study of a population of babies in Kerala, India reported a 21% incidence of 

neonatal hypoglycaemia (<2.2 mM, using glucose oxidase method), with 89% of these babies having at least 

one risk factor for neonatal hypoglycaemia (Sasidharan, Gokul, & Sabitha, 2004).  It is important to note that 

the babies in both these studies had some modifiable risk factors, including delay in feeding until 2 to 3 hours 

after birth.     

The recent strategic objectives suggested by the World Health Organization in ‘Every Newborn’ include 

following the principles of the ‘Baby-Friendly Hospital Initiative’, which include keeping mother and baby 

together and promoting exclusive breastfeeding (strategic objective 2 – Improving the quality of maternal and 
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newborn care) (World Health Organization, 2014).  Additional support suggested by WHO for small newborns 

included extra support for feeding including cup, nasogastric tube feeding and intravenous fluids.  However, 

prophylactic dextrose gel, which is effective in preventing neonatal hypoglycaemia might reduce the need for 

some of these additional supports, if by preventing neonatal hypoglycaemia we can reduce the use of adjunct 

feeding with formula or the need for intravenous fluids to correct hypoglycaemia and maintain 

normoglycaemia.  Therefore, future research might include the use of prophylactic dextrose gel as part of 

package of neonatal care for at risk babies in developing countries. 

9.8.3 Mode of administration 

We administered dextrose gel by massage into the buccal mucosal.  This mode of administration is effective 

in treatment of neonatal hypoglycaemia (Harris et al., 2013), is thought to allow direct absorption of glucose 

into the blood stream, and is presumed to have minimal effect on subsequent feeds as it is not given as an 

oral, swallowed dose into the stomach.  However, there are no pharmacokinetic studies on the proportion of 

glucose absorbed following buccal dextrose administration or the proportion swallowed.  This is of interest for 

a number of reasons.  Firstly, it is possible that a proportion of gel is swallowed, and for some babies this may 

have an effect on subsequent feed volume.  One small trial reported smaller volumes of feed taken after 

treatment of hypoglycaemia with buccal dextrose gel compared to feed alone, although this study used 1 

ml/kg dose of gel (Troughton et al., 2000) and long-term successful breastfeeding rates are reduced by 

supplementing or complementing breastfeeds with other oral feeds/fluids (Becker et al., 2011; Blomquist et 

al., 1994; Chantry et al., 2014).  Secondly, the peak glucose concentration and duration of effect on 

maintaining the glucose within the normal range may be different for different routes of administration.  

Thirdly, we used 40% dextrose gel for the pre- and main–hPOD trials because this is the concentration used 

in treatment of hypoglycaemia in diabetics (American Diabetes Association, 2013; Clarke et al., 2009) and 

neonates (Harris et al., 2013).  However, a more concentrated gel might allow use of a smaller volume, which 

might be more quickly administered and might result also in less volume swallowed.   

9.8.4 Comparison with expressed breast milk  

As noted above, supplementation of breastfeeding may reduce longer-term rates of successful breastfeeding.  

It would be interesting to compare the effect of expressed breast milk (EBM) on preventing neonatal 

hypoglycaemia with that of prophylactic dextrose gel.  Importantly, EBM is likely to be acceptable to midwives 
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and mothers (Chapman et al., 2013).  However, antenatal expression might only provide low volumes of EBM 

(Saint et al., 1984) and access to a ‘milk bank’ would be necessary for any study comparing EBM to 

prophylactic dextrose gel to take place.  Currently, there is only one human milk bank operating in New 

Zealand (in Christchurch).   

A small pilot study of antenatal expression of colostrum in 43 women with diabetes requiring insulin in 

pregnancy compared to a historical control group who did not express antenatally reported lower use of 

formula during admission (27/43, 63% vs 65/89, 73%) but higher rate of admission to NICU for hypoglycaemia 

(9/13, 64% vs 8/15, 53%) (Forster et al., 2011).  The authors of this pilot study are undertaking a larger 

randomised controlled trial, which is currently completing follow-up (Forster et al., 2014).  The information 

from this trial would be useful in considering development of a new randomised controlled trial to compare the 

effect of EBM with dextrose gel for prophylaxis of neonatal hypoglycaemia. 

9.8.5 Fetal to neonatal blood glucose transition 

Although there is substantial information on fetal blood glucose concentrations (mostly in lambs), there is 

limited information about the fetal blood glucose concentrations during delivery and in the period immediately 

following birth.  Indeed, the current literature on the blood glucose concentration profile of low risk babies 

immediately following birth is largely based on two historical studies (Heck & Erenberg, 1987; Srinivasan et 

al., 1986).  The majority of the mothers of these babies received intravenous dextrose during labour and 

delivery, which may affect the applicability of the results to current practice, as intravenous dextrose is no 

longer administered routinely. 

Harris et al. are currently recruiting low risk babies to a study of glycaemia and alternative cerebral fuel 

substrates using both intermittent blood and continuous interstitial glucose monitoring for up to the first five 

days after birth (ACTRN12615000986572) (Harris, Weston, & Harding).  This trial will provide much needed 

information on the low risk, healthy baby’s glucose concentrations in the first few days after birth. However, 

interstitial glucose data will not be available from the immediate post birth period, as although the continuous 

glucose monitoring sensor will be sited as soon after birth as possible, there will still be an initialisation 

(sensor ‘wetting’) period of up to 60 minutes, during which interstitial glucose data are not reliable. 

Hence, there is still little information on the blood glucose concentrations during and immediately after birth 

and it is not possible with the current technology to obtain interstitial glucose immediately following birth in 
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humans.  Therefore, further research might include animal studies of the continuous interstitial and 

intermittent blood glucose concentration throughout the period of labour, delivery and birth.  This might be 

possible by placing the current iPRO2
® 

continuous glucose monitor (Meditronic MiniMed, Northridge, 

California, USA) in the fetal lamb during fetal surgery at the same time as establishing fetal vascular access 

for intermittent blood glucose monitoring and continuous glucose monitoring sensor calibration.  The 

continuous glucose monitor battery life is 7 days, which would allow a time of pre-labour monitoring, followed 

by induction of labour and birth, with removal of the monitor following birth and subsequent download of the 

data.  Calibration glucose blood concentrations could be taken from the indwelling vascular catheters 

antenatally and during labour (if still accessible) and subsequently from the lamb following birth.  Additional 

information of interest includes regulatory hormone concentrations such as catecholamines, cortisol and 

insulin as although there is substantial information on the fetal lamb regulatory hormones (see literature 

review Chapter 1 for summary), the changes in these regulatory hormones during labour (particularly 

catecholamines) might have a significant effect on the fetal glucose concentrations and glycaemia variability.   

9.9 Conclusion 

Neonatal hypoglycaemia continues to be an important neonatal problem as it is common, preventable and yet 

if untreated may cause brain damage and death.  

We have shown that oral dextrose gel is effective in preventing neonatal hypoglycaemia in at risk babies and 

are investigating the effect on admission to NICU and long-term outcome.  We will determine the relationships 

between interstitial glucose concentrations, doses of dextrose gel and long-term outcomes.  The timely 

translation of the use of oral dextrose gel into clinical use will be aided by the Cochrane review. 

Despite ongoing research in this field, there are a number of as yet unanswered clinical questions.  These 

include: what are the normal changes in glucose concentrations immediately after birth, “how low is too low”, 

is the risk of brain injury different at different postnatal ages or for different risk factors, does preventing 

hypoglycaemia improve long-term outcomes, do undetected low glucose concentrations affect long-term 

outcome, and what is the best concentration of oral dextrose gel for prevention of neonatal hypoglycaemia?  I 

plan on answering some of these questions in the future.   
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