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Introduction 
Key documents 
This quality improvement initiative uses the methodology of the Evidenced-based Practice for 
Improving Quality (EPIC),1 developed by the Canadian Neonatal Network and adopted by the 
Australian and New Zealand Neonatal Network. This protocol is based on the Standards for 
Quality Improvement Reporting Excellence, 2.0 (SQUIRE).2 

Before this quality improvement initiative, members of the quality team have conducted 
extensive research on neonatal hypoglycaemia, including intervention trials,3-6 clinical 
taxonomy,7,8 long-term outcome studies,9-17 neurological imaging,18,19 parental care priorities,20 
glucose monitoring,21-23 systematic reviews14,24-26 and expert reviews.27-30 This quality 
improvement initiative seeks to translate the best available evidence to address complex, 
multifactorial clinical problems.   

Problem description 
Transitional hypoglycaemia refers to low blood glucose concentrations (BGC) with onset in the 
first 48 h after birth, in late preterm and term newborn babies (≥35 weeks’ gestation) who are 
otherwise well and do not have any underlying metabolic, endocrine, or genetic disorders 
affecting glucose metabolism.8 In New Zealand, the definition of hypoglycaemia used in these 
babies is a whole blood or plasma glucose concentration on a gas analyser or chemical 
analyser, respectively, of <2.6 mmol/L (gas analysers are calibrated to give plasma equivalent 
values); this threshold is entirely operational, and neither defines normal physiology nor 
optimal glycaemia in at-risk babies.27 Transitional hypoglycaemia may be further classified as 
severe (<2.0 mmol/L), recurrent (≥3 episodes) or prolonged (episodes ≥72).7,9 The term 
transitional hypoglycaemia is usually not applied to babies born at <35 weeks’ gestation, as 
these babies are managed almost exclusively in neonatal care units, where they receive either 
dextrose (D glucose isomer) containing intravenous fluids or milk supplementation (artificial or 
human donor) on admission. It should also not be used to describe first onset of neonatal 
hypoglycaemia ≥48 h after birth, which typically occurs in maternal-infant dyads where there is 
inadequate breastfeeding and delayed onset of lactogenesis II (breastfeeding hypoglycaemia 
may be a better term). These infants often do not have any risk factors for transitional 
hypoglycaemia.     

Using a risk-based approach, approximately 30% of newborn babies born at ≥35 weeks’ 
gestation warrant screening for transitional hypoglycaemia,31 of whom nearly 50% will develop 
hypoglycaemia in the first 48 h after birth (60% if preterm; 72% if exposed to pre-gestational 
diabetes mellitus, 52% if small for gestational age [SGA] or large for gestational age [LGA] and 
exposed to gestational diabetes mellitus).32 From 65% to 80% have mild episodes (2.0 to 2.5 
mmol/L), and 20% to 35% have severe episodes (<2.0 mmol/L).33-36 Of babies with mild 
transitional hypoglycaemia, 70% have their first episode within 6 h of birth, 15% from 6 to 12 h 
and 15% from 12 to 48 h.37 Severe transitional hypoglycaemia almost always presents within 
the first 6 h after birth.7  

Overall, approximately 20% of newborn babies screened for transitional hypoglycaemia are 
admitted to Kidz First Neonatal Care (KFNC) for further management of severe or recurrent 
hypoglycaemia (~225 per annum).3 Half of these babies are Pacific and 20% are Māori, with a 
male to female ratio of 2:1, and 70% are born by caesarean.3 The average inflation-adjusted 
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cost for each admission is $15,217,38 bringing the total annual estimated hospital costs for 
managing babies admitted to KFNC with transitional hypoglycaemia to $3,423,934.  

This quality improvement initiative seeks to address three key problems in the care of newborn 
babies who are admitted to KFNC with severe and/or recurrent transitional hypoglycaemia. 
These quality issues were identified and prioritised by the quality group through discussion, 
after reviewing local data, the wider literature, and parental survey results.  

1. High burden of ongoing hypoglycaemia with current treatment, increasing the risk of 
neurological sequelae. 
• Over half of babies who are admitted to KFNC with transitional hypoglycaemia and 

are treated with IV dextrose have further episodes of hypoglycaemia, and 20% have 
severe or recurrent (≥3) episodes after initial stabilisation.3  

• On discharge from KFNC to the postnatal ward, most babies (93%) treated with IV 
dextrose continue to have silent and untreated hypoglycaemic events10 on 
continuous glucose monitoring (CGM).3  

• Some babies are being discharged home before completing normal metabolic 
transition.   

2. Prolonged duration of KFNC admission, increasing separation of mother and baby.  
• Babies who are commenced on IV dextrose for transitional hypoglycaemia have a 

median stay in KFNC of 4 days and median duration of hospitalisation of 8 days.3 
3. Poor establishment of breastfeeding. 

• Of babies admitted to KFNC with transitional hypoglycaemia whose mothers plan to 
breastfeed, >90% receive formula in hospital and <50% are fully breastfeeding at 
discharge home.3   

These problems align with parental priorities at Counties Manukau. Among parents whose 
babies were admitted to KFNC with transitional hypoglycaemia (N=47; 19% Māori, 53% Pacific, 
15% Indian, 13% European), 98%, 91%, 83% and 74% rated preventing damage to baby’s brain, 
avoiding separation of mum and baby, reducing time in the neonatal unit and establishing 
breastfeeding at discharge as important or very important, respectively.20  

Available knowledge 

Physiology of newborn metabolic transition 
The fetus has negligible synthesis of glucose; thus, along with other key physiological 
transitions – lung aeration, pulmonary vascular perfusion, regular breathing – survival after birth 
depends on activation of hepatic glucose output, especially until enteral feeds are well 
established.39  In the early newborn period, glucose is the main energy substrate, followed by 
lactate; fatty acids and ketones soon become important additional energy sources, although 
ketogenesis is minimal in the first 6 to 12 h after birth, even in healthy babies.40,41  

During fetal life, a low pancreatic β cell glucose set-point for insulin secretion and a continuous 
transplacental glucose supply maintain a high insulin-to-glucagon molar ratio (up to 10 to 15), 
which inhibits gluconeogenesis and promotes glycogenesis, lipogenesis and fetal growth.42,43 In 
late gestation, fetal adrenal activation and the resulting increase in fetal cortisol secretion 
prime hepatocytes for glucose production by inducing key enzymes responsible for 
gluconeogenesis (phospho-phenolpyruvate carboxykinase, glucose-6-phosphate) and 
glycogenolysis (glucose-6-phosphate).44 After birth, the primary trigger for initiation of hepatic 



6 
 

glucose output is a rapid fall in the insulin-to-glucagon ratio, resulting from both a surge in 
glucagon secretion from pancreatic α cells and falling insulin secretion from β cells,43,45 
responses that are facilitated by fetal release of catecholamines during labour.46 Lipolysis 
increases postnatally, releasing glycerol for gluconeogenesis47 and fatty acids for tissue 
oxidation and ketogenesis, and is stimulated by increases in cortisol and thyroxine around the 
time of birth.48,49 In newborn babies, adipose tissue appears to be relatively insulin resistant; 
thus, even babies with severe hypoglycaemia and elevated insulin concentrations have 
detectable plasma free fatty acids.7 As hepatic oxidation of fatty acids increases on the first 
day, more cofactors and adenosine triphosphate (ATP) are generated within the liver to support 
gluconeogenesis, whereas fatty acid oxidation in peripheral tissues produces gluconeogenic 
precursors, such as lactate, pyruvate and alanine, and may have a glucose-sparing effect.50,51 
Although adipose is relatively insulin resistant, hepatic insulin sensitivity remains high in 
newborn babies, such that ketoacidosis is rare.  

A critical process in newborn metabolic transition is the shift of the β cell from a relatively 
continuous pattern of insulin secretion in fetal life to intermittent postnatal secretion.52 Babies 
with transitional hypoglycaemia rarely have high insulin concentrations;3,53 nevertheless, 
babies presenting with severe or recurrent episodes have a high glucose-to-insulin ratio 
(median ~4.5 IU/mol),3,7 indicating that impaired suppression of insulin secretion at low BGC is 
a key pathophysiological feature of transitional hypoglycaemia. In contrast, in newborn babies 
who have successfully undergone metabolic transition, plasma insulin is usually undetectable 
after a short fast.  

Insulin secretion is primarily regulated by β-cell membrane ATP-sensitive potassium channels 
(KATP) that contribute to cell membrane polarisation via potassium efflux and cause 
depolarisation when inactivated (closed) by increasing intracellular glucose-generated ATP, 
thereby triggering insulin vesicle release. In immature β cells, the low glucose set-point for 
insulin secretion is related to a relatively low cell membrane KATP density,54 and postnatal β cell 
adaptation likely involves increased trafficking of KATP to the cell membrane. Dynamic changes 
to the nutrient sensor Target of Rapamycin Complex 1 (mTORC1), which acts as an intrinsic 
negative feedback regulator of insulin exocytosis,55 may also facilitate postnatal adaptation by 
reducing the stimulatory effect of amino acids on β-cell insulin content, which is an important 
mechanism supporting growth in fetal life.30,56  

Postnatal β-cell adaptation appears to occur in two phases, as reflected by pre-feed BGC 
profiles of healthy breastfed babies. In the first 48 h, mean neonatal BGC stabilise to values 
only slightly lower than that of the fetus in late gestation (~3.5 mmol/L).57,58 During normal 
labour, mean fetal glucose concentrations increase to ~4.6 mmol/L, with slightly higher 
concentrations reported after instrumental birth (~ 5.8 mmol/L) and lower concentrations after 
elective caesarean birth (~3.9 mmol/L).59-61 After birth, mean neonatal BGC falls to ~2.9 mmol/L 
by 30 minutes of age,62,63 increasing to ~3.1 mmol/L by 60 to 90 minutes of age,64,65 and ~3.3 
mmol/L at 12 to 48 h of age (3rd centile ~2.1, 10th ~2.6, 25th ~ 2.8 mmol/L).40,66 At 48 to 72 h, there 
is an inflection point, leading to the second phase, in which normal neonatal mean 
concentrations of ~4.5 mmol/L are achieved by 96 h (3rd centile ~3.5, 10th ~3.7, 25th 4.0 
mmol/L).40,66,67 During the first phase, there is considerable variation in individual BGC, with up 
to 39% of healthy breastfed babies experiencing ≥1 episode of hypoglycaemia.66 However, the 
majority of these episodes are mild, resolve by 72 h, and ketogenesis is usually evident from 12 
h of age.40,68,69 Thus, normal metabolic transition commences shortly after birth and is 
completed around day four.   
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Given that healthy babies without risk factors may experience low BGC, transitional 
hypoglycaemia cannot itself be considered a disorder; rather, it should be considered a marker 
for impaired metabolic transition. The latter is characterised as transitional hypoglycaemia that 
does not resolve with first-line measures (feeding ± dextrose gel) or is severe, and is associated 
with delayed onset of ketogenesis (>12 h).8 While all babies are at risk of transitional 
hypoglycaemia, those with risk factors – preterm birth, exposure to maternal diabetes mellitus, 
fetal growth restriction and fetal overgrowth (macrosomia) – are at highest risk of severe 
hypoglycaemia and impaired metabolic transition.   

Pathophysiology of neuroglycopaenia 
Transitional hypoglycaemia is of concern because it may lead to neuroglycopaenia, i.e., a 
critical decrease in brain glucose supply leading to cell injury. The neonatal brain is dependent 
on a continuous supply of glucose to generate energy as ATP, as developing neurons have 
reduced capacity to use alternative substrates (lactate and ketones may be oxidised but not 
fatty acids) and limited high-energy phosphate reserves.70 Furthermore, glucose transporter 
proteins (GLUT1 and GLUT3) at the blood-brain barrier, which enable glucose uptake into the 
brain by facilitated diffusion, are not fully expressed for several days to weeks after birth.70  

The cell injury that occurs in neuroglycopaenia is primarily due to excitotoxicity, rather than 
energy deficiency per se.27 Low glycolytic flux decreases pyruvate production, which in turn 
reduces generation of oxaloacetate via the citric acid cycle. Low intracellular concentrations of 
oxaloacetate result in excess generation of glutamate, an excitatory neurotransmitter, which 
spills out into the extracellular fluid. Activation of glutamate receptors causes a sustained 
influx of calcium and activates several enzymes, including phospholipases, endonucleases, 
and proteases, which damage cell structures. The influx of calcium also increases intracellular 
zinc, which activates nicotinamide adenine dinucleotide phosphate (NADPH) oxidase, leading 
to superoxide production in mitochondria. Increased calcium and superoxide hyperactivate 
poly-ADP-ribose-polymerase 1 (PARP- 1), which causes additional damage to mitochondria and 
cytosolic depletion of nicotinamide adenine dinucleotide (NAD+), an essential cofactor in 
glycolysis.  

As neuroglycopaenia progresses, cell injury becomes irreversible, leading to necrosis. In 
neonates, the occipital and parietal cortex, associated subcortical white matter and corpus 
callosum have selective vulnerability to neuroglycopaenia,71-73 possibly related to a higher 
cerebral metabolic rate for glucose,74 regional reductions in GLUT expression,75 and active 
synaptogenesis with increased expression of postsynaptic excitatory amino acid receptors.76 In 
extensive neuroglycopaenic insult, the internal capsule, thalamus and basal ganglia may be 
involved.71,77 Neuroglycopaenia can affect glial cells and immature oligodendrocytes, but this 
occurs to a much lesser degree.78,79 Thus, neuroglycopaenia is largely associated with regional 
selective neuronal necrosis.   

An important consequence of cytosolic NAD+ depletion and its impact on glycolysis is that 
reperfused glucose is shunted through the hexose monophosphate pathway, generating more 
NADPH and superoxide, thereby worsening neuronal injury.27,80 Notably, superoxide production 
is proportional to BGC during the reperfusion period.80 This phenomenon, termed glucose 
reperfusion injury, has been observed clinically; in a cohort of children exposed to transitional 
hypoglycaemia, the likelihood of neurosensory impairment up to mid-childhood was increased 
in those with higher or more rapid increases in BGC after neonatal hypoglycaemia, especially 
with dextrose treatment.9,11 Contrary to common practice, the optimal timeframe for correction 
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of hypoglycaemia was several h, potentially reflecting reperfusion injury with more rapid 
correction with exogenous dextrose.11 The potential for harm with dextrose treatment has been 
emphasised by several animal studies in which hypoglycaemic-induced neuronal injury was 
only reversed with substrates that can be metabolised without NAD+, such as ketones, lactate 
and pyruvate.81-83   

Clinical manifestations of neuroglycopaenia 
The clinical signs of neuroglycopaenia include lethargy, apnoea, poor feeding and seizures;71 
however, the extent to which subclinical neuroglycopaenia occurs is unknown, as it currently 
cannot be detected with cot-side monitoring.84,85 Similarly, restricted diffusion and T1 and T2 
signal abnormalities are common on brain magnetic resonance imaging within 7 days of 
symptomatic neonatal hypoglycaemia,71 but the effect of asymptomatic hypoglycaemia has not 
been investigated. New Zealand data suggest that subclinical neuroglycopaenia can occur, as 
9-to-10-year-old children who were exposed to transitional hypoglycaemia, most of whom were 
asymptomatic, had a thinner occipital cortex and smaller caudate lobes, compared to those 
born at-risk but without neonatal hypoglycaemia (there was no effect on white matter volumes 
or microstructure).19 However, interpretation of these findings is not straightforward, as there 
was no apparent relationship between brain volumetric findings and the severity of 
hypoglycaemia. Moreover, despite these volumetric brain differences, cognitive, visual-motor 
and educational outcomes did not differ between children who were and were not exposed to 
hypoglycaemia, regardless of severity, although this apparent lack of association may have 
been due to the poor outcomes in the cohort overall.14  

In other cohort studies, severe and/or recurrent transitional hypoglycaemia has been more 
consistently associated with altered neurodevelopment,16,33,34,86,87 especially visual-motor and 
emotional-behavioural function, consistent with the neuroimaging findings16,18 and visual 
processing theory.88 Nevertheless, the exposure effects are generally modest and not universal. 
Taken together, these studies suggest that asymptomatic severe and/or recurrent transitional 
hypoglycaemia is a necessary but not sufficient cause of neuroglycopaenia and that other 
factors, including effects of treatment, influence the risk of neuronal death, subsequent 
dysmaturation and later functional impairment.  

Dextrose gel and feeding 
Primary treatment for transitional hypoglycaemia with buccal dextrose gel (40% 0.2 g/kg, 
repeated after 30 min, if required) was adopted worldwide following a New Zealand placebo-
controlled trial of 237 babies, which showed that dextrose gel had a modest beneficial effect on 
correction of hypoglycaemia compared to feeding alone (86% vs. 76%). However, the effect of 
dextrose gel on BGC was small (0.2 to 0.5 mmol/L)37 and the overall risk of admission was 
similar between trial groups.3  

In the trial, formula was used in 37% of trial episodes and in 60% of babies overall. Among 
breastfed babies, 41% developed rebound hypoglycaemia after dextrose gel. Moreover, in 
severe hypoglycaemia, only 11% of breastfed babies responded to dextrose gel, but 70% were 
subsequently corrected with formula. Consistent with these findings, in another randomised 
trial of babies with severe transitional hypoglycaemia, formula supplementation was superior 
to dextrose gel and breastfeeding in preventing persistent or recurrent hypoglycaemia (90% vs. 
71%).36 Thus, for women who have elected to formula feed, increasingly formula intake is likely 
to be sufficient for most infants with transitional hypoglycaemia, including those with severe 
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episodes. However, for women who want to avoid formula feeding, alternative strategies are 
needed to manage severe and/or recurrent transitional hypoglycaemia.  

One option is human donor milk supplementation, which appears to have similar efficacy to 
formula in correcting hypoglycaemia.89,90 In a quality programme at one site, introduction of 
dextrose gel for treatment of transitional hypoglycaemia did not reduce neonatal unit 
admissions nor increase exclusive breastfeeding at discharge. However, nurse-led use of donor 
milk for transitional hypoglycaemia increased the proportion of at-risk infants who were 
exclusively breastfed from 33% to 55%  (monthly average 43%).91 Similarly, in another quality 
programme, 53% of babies who received donor milk for inital treatment of hypoglycaemia were 
exclusively breastfeed during their hospital admission, whereas virtually all such babies had 
previously received formula milk.92 Use of donor milk, compared with formula, for term and 
near-term babies with medical indications for supplementation, such as hypoglycaemia, was 
also associated with increased exclusive breastfeeding to 6 months of age.93 Thus, provision of 
donor milk may be an important intervention to increase breastfeeding in babies with 
transitional hypoglycaemia.  

Despite its short-term benefit on the correction of hypoglycaemia, dextrose gel has not been 
associated with improvements in neurodevelopment.94,95 On the contrary, at 9 to 10 years of 
age, children randomised to dextrose gel for initial treatment of transitional hypoglycaemia, 
compared to placebo (feeding alone), were twice as likely to have impaired visual perception.4 
While the authors attributed this to type 1 error, given the vulnerability of the occipital cortex to 
neuroglycopaenia, this is of some concern. An alternative explanation is that infants treated 
with dextrose may have increased rebound hypoglycaemia, as the adverse effect of treatment 
on visual perception was seen primarily in babies with recurrent hypoglycaemia, although this 
remains speculation.      

A more recent trial evaluated dextrose gel in 291 breastfed babies with transitional 
hypoglycaemia and a mean BGC of 1.2 mmol/L;96 only 11% of babies allocated to dextrose gel 
required IV dextrose for ongoing hypoglycaemia compared to 40% with standard care. 
However, this study was at high risk of bias as there was no blinding and the attending clinicians 
performed the allocation, administered the dextrose gel and determined subsequent care.  

Intravenous dextrose 
Until recently, the effectiveness and safety of using IV dextrose to treat transitional 
hypoglycaemia had not been critically evaluated. Small case series in the 1970s and 1980s 
suggested that IV dextrose infusions of 8 mg/kg/min corrected BGC within 60 min in most 
babies, or within 20 min when combined with an IV dextrose bolus of 0.2 g/kg.97,98 However, the 
ongoing effectiveness of IV dextrose as a treatment for transitional hypoglycaemia was not 
assessed. In a recent evaluation of babies admitted to KFNC with transitional hypoglycaemia 
who were treated with IV dextrose, over half had further hypoglycaemia after stabilisation, and 
20% had severe or recurrent episodes.3 The median (IQR) duration of neonatal unit admission 
was 4 (2, 7) days,3 which is consistent with another report of a median NICU stay of 6 (4, 9) 
days.99 Of further concern, most babies (93%) had silent and untreated hypoglycaemic events, 
detected on continuous glucose monitoring (CGM), when discharged back to the postnatal 
ward; the median (IQR) number of hypoglycaemic events was ~9 (4, 12), with some being 
prolonged.3 On average, metabolic transition was not completed in these babies for 4 to 5 days 
after stopping IV dextrose, with some being discharged home before metabolic transition was 
confirmed.3 Thus, while IV dextrose may initially correct BGC, it appears to only have a 



10 
 

temporising effect but does not promote metabolic transition, increases the risk of delayed 
hypoglycaemia and prolongs hospital admission.  

Babies who are treated with IV dextrose are also exposed to frequent invasive procedures. In 
KFNC, babies had a median (IQR) of 21 (16, 28) heel pricks, increasing to 49 (43, 56) in 
prolonged transitional hypoglycaemia.3,7 Another study reported that babies with transitional 
hypoglycaemia who were treated with IV dextrose had a median (IQR) of 29 (19, 40) heel pricks, 
with 25% of babies having ≥40 heel pricks.99 Furthermore, given that the mean functional period 
for peripheral cannulae in neonates is only 24 to 58 h,100-102 most babies on IV dextrose will 
require two intravenous cannulae, with some receiving three or more. In general, 60% of  
peripheral cannulae in neonates are replaced for extravasation.103  

There are few studies comparing IV dextrose to alternative treatments for transitional 
hypoglycaemia. In a randomised trial, glucose fortified breastmilk had similar efficacy to IV 
dextrose for correction of hypoglycaemia.104 Comparisons with physiological treatment 
approaches are discussed below.   

Physiologically targeted treatment  
Effective treatment for transitional hypoglycaemia requires correction of the underlying 
pathophysiology and promotion of metabolic transition. For babies at highest risk of 
neuroglycopaenia, especially those with symptomatic hypoglycaemia, provision of energy 
substrates that can generate ATP without NAD+ may be directly neuroprotective.80,81,83 β-
hydroxybutyrate is the most likely candidate for clinical intervention as it can be provided 
enterally from commercially available ketone esters and salts.105,106 Acute ketone therapy is an 
area of active research in type 1 diabetes mellitus106 and adult traumatic brain and spinal 
injury,107 but it has not yet been evaluated in babies. Until sufficient evidence emerges to 
support neonatal ketone treatment, promotion of hepatic glucose output and ketogenesis 
through other physiologically based treatments remains the best clinical strategy. This requires 
a decrease in the insulin-to-glucagon ratio, which can be achieved by administering glucagon, 
followed by manipulation of β-cell glucose sensing using a KATP agonist, such as diazoxide. 
Ultimately, for metabolic transition to occur babies must acquire the ability to suppress insulin 
secretion at low BGC. 

In a systematic review of neonates with hypoglycaemia, glucagon was shown to increase BGC 
on average by 2.3 mmol/L (95% CI 2.1, 2.5) at 1 to 2 h, and ≥80% achieved normoglycaemia 
within 4 h of administration.26 Similar responses were seen with intramuscular injection (IMI), IV 
bolus and continuous IV infusion. In one large centre, glucagon was used successfully in babies 
born at ≥36 weeks’ gestation as primary treatment for severe neonatal hypoglycaemia (1.1 to 
2.2 mmol/L) unresponsive to formula, and for initial therapy in babies with profound 
hypoglycaemia (<1.1 mmol/L) while awaiting IV cannulation (universal dose 1 mg by IMI).108 All 
but one of the 158 babies in the study responded to IMI glucagon, with mean increases in BGC 
of 1.4, 2.2 and 2.3 mmol/L at 30, 60 and 120 min, respectively.  

The main limitation of glucagon is that rebound hypoglycaemia is common, occurring in up to 
55% of babies on stopping an infusion or after correction by bolus treatment.108 Thus, it is 
important to pair glucagon with other interventions that promote euglycaemia. While there are 
no formal reports on the safety of glucagon in neonates, studies of neonatal glucagon use have 
not reported any adverse effects,26 and there are no case reports of neonatal side effects 
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currently in Medline. Glucagon has also been administered safely as an infusion for prolonged 
periods in young children with refractory congenital hyperinsulinism.109  

Diazoxide is a reversible KATP agonist, acting on the KATP sulfonylurea receptor to maintain the 
channel in an active or open state. In the β cell, this increases K+ efflux and membrane 
polarization, resulting in a dose-dependent attenuation of glucose-stimulated insulin 
secretion.9 This improves the ability of the β cell to suppress insulin secretion and to do so at a 
higher glucose set-point (more glucose-generated ATP is required for KATP inactivation/closure), 
but it does not prevent insulin secretion (there is no risk of ketoacidosis).3 Because the 
neonatal liver is highly sensitive to insulin, BGC can be titrated by adjusting the diazoxide dose 
in relation to glucose load.3 However, in profound neonatal hypoglycaemia, simultaneous 
increases in glucagon may be needed to restore hepatic glucose output.45 Although less well 
studied, diazoxide also increases hepatic ketogenesis – with potential for neuroprotective 
effects – by lowering insulin plasma concentrations in the fasting state.  

Diazoxide has been used for many decades in babies with congenital hyperinsulinism, although 
high doses (10 to 15 mg/kg/day) are generally required due to the associated inactivating 
mutations of KATP subunits, and indeed several subtypes are largely resistant to the agonist 
effect of diazoxide (e.g., ABCC8 and KCNJ11 mutations).110 Diazoxide has also been used to 
good effect in babies with prolonged transitional hypoglycaemia, which primarily occurs in 
males with fetal growth restriction.7,111  

More recently, diazoxide has been investigated for the early treatment of transitional 
hypoglycaemia.24 In a randomised trial of 30 babies who were born SGA and had transitional 
hypoglycaemia, diazoxide at 9 to 12 mg/kg/day, compared to placebo, reduced the time to 
euglycaemia by 1 day and the duration of IV dextrose and time to full enteral feeds by 2 days.53 
There were no adverse effects of starting diazoxide within the first 5 days after birth. Another 
trial of early diazoxide treatment for babies of diabetic mothers with asymptomatic mild 
hypoglycaemia (2.0 to 2.5 mmol/L) was commenced in Canada (NCT00994149) but could not 
be completed due to loss of clinical equipoise in favour of diazoxide.24  

The Neonatal Glucose Care Optimisation (NeoGluCO) Study was a randomised trial of early low 
dose diazoxide (3 mg/kg/day), compared to placebo, in babies admitted to the neonatal care 
unit with severe or recurrent transitional hypoglycaemia (N=74).3 Most babies were recruited on 
the first day and 65% were receiving IV dextrose at the time of randomisation. The primary 
outcome, defined as time to resolution of hypoglycaemia (enteral bolus feeding without IV 
dextrose and stable BGC 2.6 to 5.4 mmol/L for ≥24 h), did not differ between groups, as 
diazoxide was more effective than expected, with many babies in the active intervention group 
having elevated BGC above the trial BGC target range. However, babies in the diazoxide group 
had a ~30% reduction in the time to establish enteral bolus feeding, time on IV dextrose, time in 
the neonatal unit and number of heel pricks. The post hoc outcome (invited by JAMA) of stable 
BGC ≥2.6 mmol/L on enteral bolus feeding was reached 2 days earlier in the diazoxide group.3  

Importantly, diazoxide rapidly improved glycaemic stability. Following the loading dose, only 
6% of babies in the active intervention group had further hypoglycaemia (single episode only), 
which resolved with a small increase in diazoxide dose, compared to over half of babies in the 
placebo group who experienced further hypoglycaemia. On CGM, diazoxide effect was evident 
from 1.5 h and peak effect occurred at ~6 h, after which mean interstitial glucose 
concentrations were maintained ~4.5 mmol/L, the normal neonatal concentration at 
completion of metabolic transition. This was achieved with a mean (SD) diazoxide plasma 
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concentration of 20 (5) µg/mL, which resulted in a 50% decrease in pre-feed plasma insulin 
concentrations and a 70% decrease in the insulin-to-glucose ratio. The median duration of 
diazoxide therapy was 2.5 days, with most babies completing treatment on the postnatal ward. 
After stopping diazoxide, babies maintained mean interstitial BGC ~4.5 mmol/L for up to 4 days 
of continuous monitoring, with only 9% having a subsequent hypoglycaemic event (compared 
to 93% in the placebo group on CGM), suggesting that diazoxide directly facilitated a change in 
the β cell glucose set-point for insulin secretion.  

Diazoxide is generally well tolerated in neonates but has been rarely associated with pulmonary 
hypertension. The most detailed study of this association comes from the Children’s Hospital 
of Philadelphia, a large specialist referral centre for congenital hyperinsulinism.112 Among 295 
babies with hyperinsulinism (39% non-genetic) and treated with diazoxide, 14 (5%) had 
pulmonary hypertension as defined by independent cardiology review of echocardiograms. 
However, half of these babies had evidence of pulmonary hypertension before starting 
diazoxide, and of the seven remaining cases, five were very preterm, one had respiratory failure, 
and one had congenital heart disease. In a similar study from another large hyperinsulinism 
centre in Texas, among 165 babies with hyperinsulinism (40% non-genetic) and treated with 
diazoxide, eight (5%) had echocardiographic defined pulmonary hypertension. However, in 
keeping with the Philadelphia study, five had anatomical cardiac abnormalities, one had 
genetic hyperinsulinism, one was on high-dose diazoxide (15 mg/kg/day), and one was retrialled 
on diazoxide without adverse effect. A retrospective neonatal network report of 1066 babies 
exposed to diazoxide found that 24 (2%) developed pulmonary hypertension after a median 
(IQR) duration of treatment of 8 (4, 18) days.113 No details were provided about how the 
diagnosis of pulmonary hypertension was made, nor its severity. The indication for diazoxide 
use was also not provided, although the cohort of exposed babies was not typical for 
transitional hypoglycaemia (47% born at <36 weeks’ gestation; 33% outborn; 43% <2.5 kg; 
median hospital stay 19 days). In the NeoGluCO Study, babies were monitored closely for 
respiratory effort, oxygen use, blood pressure, patent ductus arteriosus, cardiac function, 
pulmonary blood flow, pulmonary hypertension, feed intolerance and gastrointestinal bleeding, 
and no adverse effects of diazoxide were detected.3 In fact, fewer babies in the diazoxide group, 
compared with placebo, were commenced on respiratory support or oxygen therapy after 
randomisation (8% vs. 11%).3 Of the two published placebo-controlled trials of early diazoxide 
therapy, no babies had diazoxide stopped for suspected side effects.3,53 Taken together, these 
studies show that the risk of pulmonary hypertension with brief, low-dose diazoxide treatment 
in well babies born at ≥36 weeks and birthweight ≥2.5 kg with no underlying cardiac disease is 
very low and is not of material clinical concern. Moreover, when pulmonary hypertension has 
occurred in association with diazoxide, it has fully resolved on stopping treatment.114,115   

Diazoxide has also been associated with necrotising enterocolitis. A neonatal network report 
found that of 1066 babies treated with diaoxide, 10 (<1%) developed necrotising 
enterocolitis.113 Nine of these babies were preterm, and no further information was provided 
about the cases. The two hyperinsulinism centres reported one case each of necrotising 
enterocolitis among babies receiving diazoxide (<1%). One infant had multiple medical 
problems and malformations, which likely caused the necrotising entercolitis;116 no details 
were provided about the second infant.112 In preparing for the NeoGluCO Study, the Auckland 
City Hospital neonatal database was interrogated over a 10-year period and no cases of 
necrotising enterocolitis were identified in association with diazoxide (personal communication 
Dr David Knight). In the NeoGluCO Study, no babies had feed intolerance or gastrointestinal 
bleeding.3 Similarly, in the other early diaoxide trial that used higher dose therapy (9 to 12 
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mg/kg/day) in babies with fetal growth restriction – a major risk factor for necrotising 
enterocolitis –no gastrointestinal complications occurred.53 Thus, there is no evidence to 
suggest an association between diazoxide and necrotising enterocolitis in well near-term and 
term babies.    

Parent perspectives 
In addition to the previously mentioned parental priorities, 70% of parents in KFNC regarded a 
nasogastric tube as important or very important to avoid, and 82% reported that reducing heel 
pricks was important or very important. Two-thirds of parents in KFNC agreed or strongly agreed 
that oral medications, such as diazoxide, should be used before formula or IV dextrose.20 If IV 
dextrose was commenced, 58% agreed or strongly agreed to withholding formula to allow 
establishment of breastfeeding.  

Other recent qualitative studies among parents of children who experienced neonatal 
hypoglycaemia have emphasised the importance of providing clear information to both parents, 
including before birth; involving whanau in decision making; recognising the complex 
pregnancy journey often experienced before hypoglycaemia occurs (e.g., fetal growth 
concerns, maternal diabetes mellitus); the confronting nature of heel prick testing and the 
distress this causes to babies and parents; providing a clear rationale for tests and 
interventions; preparing the infant and parent for heel prick testing (e.g., skin-to-skin care, 
breastfeeding during testing, karakia); support and reassurrance from health professionals; 
culturally safe care; and post-discharge information and support.117-119  

Summary of evidence 
• Key priorities for parents in severe and/or recurrent transitional hypoglycaemia are 

preventing further hypoglycaemia, avoiding separation of mum and baby, reducing time in 
the neonatal unit, establishing breastfeeding at discharge, reducing heel pricks, and 
avoiding a nasogastric tube; current management of neonatal hypoglycaemia in Counties 
Manukau is not effectively addressing these parental priorities.    

• Dextrose gel has limited efficacy in severe hypoglycaemia.  
• IV dextrose is a temporising strategy, but it fails to eliminate hypoglycaemia, does not 

promote metabolic transition, is associated with prolonged neonatal and hospital 
admission, contributes to a high burden of painful procedures, and may increase brain 
injury after hypoglycaemia in some babies.  

• A physiologically based approach to treatment is needed in breastfeeding babies to 
promote metabolic transition, enable safe discharge from KFNC, and support exclusive/full 
breastfeeding; increasing the glucagon-to-insulin ratio and promoting suppression of 
insulin secretion between feeds is key.  

• IMI glucagon corrects hypoglycaemia within 30 to 60 min in the majority of babies with 
severe transitional hypoglycaemia, but must be accompanied by other treatments to avoid 
rebound hypoglycaemia. 

• In severe and/or recurrent transitional hypoglycaemia, 48 to 72 h of low-dose oral diazoxide 
largely eliminates further hypoglycaemia, reduces admission time and painful procedures, 
and appears to directly promote metabolic transition without rebound on stopping. 

• Glucagon and diazoxide are well tolerated in neonates, and side effects are rare in 
otherwise well near-term and term babies. 
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Rationale 
The Baby Friendly Hypoglycaemia Care Quality Improvement Initiative (BFHQI) focuses on near-
term and term newborn babies admitted to KFNC with transitional hypoglycaemia. These 
babies have evidence of impaired metabolic transition, i.e., failure to correct with first-line 
management or severe hypoglycaemia, and are at greatest risk of neuroglycopaenia and 
subsequent brain dysmaturation with potential for neurocognitive sequelae. Initially, BFHQI will 
be restricted to babies born at ≥36 weeks’ gestation and with a birthweight of ≥2.5 kg as these 
babies are expected to be able to exclusively breastfeed. However, all babies with transitional 
hypoglycaemia are likely to benefit from BFHQI initiatives. Future iterations of BFHQI may focus 
on earlier preterm groups.  

Three key compounding quality issues have been identified: 1) current management in KFNC, 
which relies primarily on IV dextrose, lacks efficacy, creates a high burden of care and is 
associated with safety concerns, including ongoing hypoglycaemia and potential for 
exacerbation of neuroglycopaenia; 2) long duration of admission; and 3) poor establishment of 
breastfeeding.    

Underpinning BFHQI is the recognition that exclusive breastfeeding is recommended for all 
babies by the World Health Organisation, and clinicians have an obligation under the Baby 
Friendly Aotearoa Programme to support women and babies to breastfeed whenever possible, 
regardless of medical complications. While women who make an informed choice to formula 
feed should be supported in this decision, for those who are aiming to breastfeed, clinicians 
have a duty to actively promote and enable exclusive breastfeeding. Current management 
approaches to hypoglycaemia in KFNC do not provide effective or safe options for women and 
babies who want to exclusively breastfeed.  

Aim 
To improve the care of near-term and term newborn babies who are admitted to KFNC with 
transitional hypoglycaemia (impaired metabolic transition).  

Objectives 
For near-term and term newborn babies who are admitted to KFNC with transitional 
hypoglycaemia (impaired metabolic transition), to develop a care model that:  

1. Reduces exposure to hypoglycaemia (improves metabolic transition)  
2. Decreases the duration of admission to KFNC (reduces separation of mother and baby) 
3. Increases the proportion of babies who are fully breastfed at discharge to home (exclusive 

breastfeeding where possible).  

Methods  
Context 

Middlemore Hospital 
Each year, Middlemore Hospital has approximately 7,500 births, and approximately 8,000 
women domiciled in the Counties Manukau district give birth. The proportion of babies with risk 
factors for transitional hypoglycaemia is steadily increasing, especially exposure to diabetes 
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mellitus in pregnancy. Over the past decade, the proportion of women with diabetes mellitus in 
pregnancy has doubled to 13%, and this risk would be >20% if the international WHO diagnostic 
criteria for gestational diabetes mellitus were applied.   

Babies are eligible for postnatal ward care if they are born at ≥35 weeks’ gestation and have a 
birthweight of >2 kg. A limited number of medical procedures may be provided by postnatal 
ward staff, including blood glucose monitoring, nasogastric tube feeding, phototherapy, oral 
medications and intravenous antibiotics. The majority of postnatal ward staff caring for babies 
with hypoglycaemia are nurses with a medical background. Babies who require intravenous 
fluids, respiratory support or intensive monitoring are admitted to KFNC.  

Physical layout  
The architecture of Middlemore Hospital is poorly designed for mothers and babies with a 
distance of over 200 m between the postnatal wards and KFNC. Moreover, to reach KFNC, 
mothers must navigate two lifts and multiple doors. There are currently no dedicated supports 
to enable women to be with their babies in KFNC, especially for those who are breastfeeding, 
such as KFNC orderlies or liaison midwives. Women are often not able to feed their baby 
because they are required to be present on the postnatal ward for ward rounds, observations 
and medications. Although it would be feasible for much of this maternal care to be provided in 
KFNC, this is currently not supported.     

Hypoglycaemia guidelines 
The current guideline for screening and management of babies at risk of transitional 
hypoglycaemia in the Maternity Care was published in 2019 and the guideline for management 
of babies admitted to KFNC with transitional hypoglycaemia was published in 2020. Because of 
the limited treatment options available at the time, women whose babies were deemed to be at 
high risk of hypoglycaemia (type 1 diabetes mellitus, type 2 diabetes mellitus with poor control, 
or ≥3 risk factors) were encouraged to fomula feed their infants, and babies who failed dextrose 
gel treatment were required to have a trial of formula feeding before admission to KFNC. The 
admission criteria were BGC <1.2 mmol/L despite two doses of dextrose gel; BGC 1.2 mmol/L 
to <2.6 mmol/L despite two doses of dextrose and formula feed 5 ml/kg; three episodes of 
hypoglycaemia within 48 h; or suspected seizures. For admitted infants, treatment options 
were either to increase formula volume (100 ml/kg/day on day one or 120 ml/kg on day two) or 
commence IV dextrose, starting at 4.2 mg/kg/min (60 ml/kg/day of 10% dextrose).  

As highlighted above, recent evidence has raised many concerns about current management in 
KFNC, including suboptimal glycaemic control, risk of reperfusion injury, incomplete metabolic 
transition, high burden of care, prolonged neonatal admission, and limited parental choice, 
especially for those wanting to breastfeed their infants. Given the new treatment options 
available, it is timely that the guidelines are reviewed. 

Diazoxide use 
Since the completion of the NeoGluCO Study, the use of diazoxide in KFNC has slowly 
increased. Diazoxide is now compounded by Optimus, a local pharmaceutical provider, at a 
concentration of 10 mg/mL, as per the methods established for the NeoGluCO Study.120 Not 
only does this reduce costs, but it enables safer dosing of diazoxide for babies with transitional 
hypoglycaemia. The commericial solutions of diazoxide (e.g, Proglycem 50 mg/mL) are too 
concentrated to titrate accurately, especially in growth-restricted babies (e.g., a 3 kg baby 
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receiving 1.5 mg/kg would only require 0.09 mL). The Starship Hospital Endocrine Service is now 
recommending early use of low-dose diazoxide in prolonged transitional hypoglycaemia, using 
the algorithms developed below.  

Donor breastmilk 
Unlike many neonatal units in New Zealand, KFNC does not have a breastmilk bank. A limited 
supply of pasteurised donor breastmilk is gifted from Wellington Hospital periodically, but this 
is reserved for extremely preterm babies. Acceptance of donor milk by parents in KFNC is also 
variable.  

Analysis of quality issues 
Using the EPIC framework, the quality group undertook the following analysis of problems and 
probable causes.   

Objectives Description of problems Probable causes 
1. Reduce exposure 

to hypoglycaemia 
• High burden of ongoing 

hypoglycaemia in babies 
managed with IV dextrose (>50%) 
including severe hypoglycaemia 
(>20%) 

• Hypoglycaemia on postnatal 
ward after discharge from KFNC 
(may be silent)  

• Discharge to home without 
completion of normal metabolic 
transition 

• No treatment margin (using the 
same BGC threshold for 
diagnosis and treatment)  

• Too much focus on BGC rather 
than establishing normal 
metabolic transition  

• No physiologically targeted 
treatment 

• Failure of IV dextrose to promote 
metabolic transition  

• Separation of mother and baby 
impairs normal establishment of 
breastfeeding and lactation 

2. Decrease the 
duration of 
admission to 
KFNC 

• Median duration of admission to 
KFNC of 4 days in babies 
managed with IV dextrose 

• IV dextrose does not promote 
metabolic transition  

• Separation of mother and baby 
impairs normal establishment of 
breastfeeding  

• Rebound hypoglycaemia during 
weaning of IV dextrose 

• Unclear guidance about how to 
transition infants to enteral 
feeding  

• Maternal discharge when baby is 
admitted to KFNC 

3. Increase the 
proportion of 
babies who are 
fully breastfed at 
discharge home 

• Less than half of women who 
plan to breastfeed are fully 
breastfeeding at discharge home 

• Separation of mother and baby 
impairs normal establishment of 
breastfeeding 

• Current guidance favours use of 
formula due to the lack of 
alternative treatments  

• Prolonged admission and 
delayed metabolic transition 
increase pressure to start 
formula 

• Once formula is started, it is 
continued because of concern 
about rebound hypoglycaemia 
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Interventions 
The following interventions were identified by the quality group as being most likely to address 
the quality problems.   

Objectives Priority interventions Future interventions for consideration 
1. Reduce exposure 

to hypoglycaemia 
• Reduce the threshold for 

admission to KFNCa  
• Increase feed volumes to 10-12 

ml/kg in the first 48 h for infants 
who are formula fed and develop 
hypoglycaemiab  

• Increase the BGC treatment 
target range in KFNC (i.e., once 
the baby is admitted to KFNC) to 
2.8 mmol/L (25th centile <48 h) to 
6.0 mmol/L (97th centile ≥96 h)c 

• Define metabolic transition as 
maintaining BGC ≥3.3 mmol/L 
(50th centile <48 h) for ≥48 h on 
normal enteral feeding of the 
parent’s choice c 

• Introduce physiologically 
targeted medical therapy 
(glucagon and low dose 
diazoxide), either as primary 
treatment or as rescue from IV 
dextrosed 

• Provide clear and simple 
treatment guidance for staff, 
supported by visual algorithms 
for each pathwaye 

• Have a single coordinated 
guideline for the hospitale 

• Staff education and feedbackf 
• Provide consumer-focused 

information so that parents 
make informed antenatal 
decisions about feeding to 
ensure that infants who develop 
hypoglycaemia are quickly 
commenced on the appropriate 
pathwayg 

• Donor breastmilk bank 
• Concentrated formula or formula 

additives for formula-fed infants 
• Intranasal glucagon analogues 
• Consumer videos 

2. Decrease the 
duration of 
admission to 
KFNC 

• Promote collaboration of 
Neonatal and Maternity Services 
to ensure that breastfeeding 
women can maximise the time 
they spend with their infant in 
KFNCh  

• Actively promote metabolic 
transition by introducing 
physiologically targeted medical 
therapy (glucagon and low-dose 
diazoxide)d 

• Complete medical therapy on 
the postnatal ward  

• Dedicated ordelies 
• Liaison midwife in KFNC 
• Develop neonatal care models 

that do not require admission to 
KFNC for management of 
hypoglycaemia 
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Objectives Priority interventions Future interventions for consideration 
• Provide clear and simple 

guidance to staff on when and 
how to discharge infants with 
hypoglycaemiae 

• Staff education and feedbackf 
3. Increase the 

proportion of 
babies who are 
fully breastfed at 
discharge to 
home 

• Provide treament pathways that 
do not rely on use of formulad 

• Decrease the duration of 
admission to KFNC, as above 

• Staff education and feedbackf 

• Develop neonatal care models 
that do not require admission to 
KFNC for management of 
hypoglycaemia 

 

Intervention details: 

a. The quality group reviewed the admission criteria to KFNC and simplified the criteria as 
follows:  

• Profound hypoglycaemia at any stage (<1.2 mmol/L)  
• Ongoing hypoglycaemia (<2.6 mmol/L) after 2 doses of dextrose gel and feeding 

of the parents' choice in a single episode 
• Third episode of hypoglycaemia 
• Suspected seizures 

The new criteria emphasise active support of the parents’ intended feeding method, 
including removal of the requirement for formula to be trialled in breastfed infants before 
admission to KFNC. The criteria also emphasise earlier intervention for infants with 
impaired metabolic transition, i.e., those who present with severe hypoglycaemia and those 
who do not respond well to first-line management (including recurrent hypoglycaemia), to 
ensure that exposure to ongoing hypoglycaemia is reduced.  

b. Formula volumes of 10 to 12 ml/kg/feed (80 to 96 ml/kg/day) are tolerated by most infants, 
even on day one. This provides the equivalent of 4.3 to 5.2 mg/kg/min of glucose and 55 to 
66 kcal/kg/day of energy.  
 

c. Having a treatment target for babies admitted to KFNC that is higher than the diagnostic 
threshold provides a margin of safety for infants who have been identified as having 
impaired metabolic transition. Defining the treatment target after admission as ≥2.8 
mmol/L and metabolic transition as achieving stable BGC ≥3.3 mmol/L is consistent not 
only with normative data from healthy breastfed infants40,66 but also international expert 
consensus.121  

 
d. Physiologically targeted medical therapy provides an opportunity for breastfed infants to 

continue exclusive breastfeeding, while directly addressing the underlying pathophysiology 
that causes impaired metabolic transition. Current evidence indicates that glucagon and 
early low-dose diazoxide are the most effective treatments for severe and/or recurrent 
transitional hypoglycaemia.  

 
e. For the bundle of interventions to work successfully, clinical guidance documents must be 

succinct, clear, unambiguous and easy for staff to follow. The quality group prioritised the 
presentation of treatment algorithms as decision-based flow charts, created using Lucid 
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software. Three flow charts have been developed using FRESCO methodology;122 one for 
screening of at-risk infants and first-line management of hypoglycaemia in Maternity Care; 
one for primary medical therapy of transitional hypoglycaemia in breastfeeding infants 
admitted to KFNC; and one for rescue medical therapy of transitional hypoglycaemia in 
breastfeeding infants admitted to KFNC on IV dextrose (Appendix). The flowcharts have 
been designed to be used as standalone guides within each treatment pathway. Laminated 
flowcharts will be provided for clinical areas. The treatment algorithms may undergo 
revision with quality audit and feedback cycles, including changes to doses and frequency 
of medications, BGC monitoring, and transfer and discharge processes.  

 
Initially, primary medical therapy will only be offered to infants who are expected to 
successfully breastfeed, including being born at ≥36 weeks and ≥2.5 kg, who demonstrate 
feeding cues and are taking EBM or who achieve D-F breastfeeds, and whose mother can 
attend KFNC or send EBM and attend within an hour of admission. These criteria may be 
widened during future stages of the quality improvement initiative.    

 
f. Staff will be supported by an education package, including videos to explain the key 

physiological principles and proposed treatment approaches for transitional 
hypoglycaemia. As part of the quality cycles, staff will be provided with feedback about the 
performance of clinical care. Where issues are identified, a deeper analysis of barriers and 
enablers of the quality interventions will be undertaken.  
 

g. Consumer Information will be developed to enable parents to make an informed choice 
about their preferred treatment pathway, especially when breastfeeding is planned. If 
funding can be secured, this will be presented as an online video. Parent information will be 
provided via antenatal clinics (e.g., Diabetes in Pregnancy service), antenatal wards, 
postnatal wards, neonatal staff and lead maternity carers.  

 
h. Collaboration between services will be increased by the introduction of single perinatal 

electronic medical record (March 2025) with task managment and clinical care workflows; a 
hospital-wide approach to staff education, training, feedback and case review sessions; a 
single set of coordinated algorithms; audit of care across both clinical environments; 
promotion of patient choice, beginning in the antenatal period; and combined staff surveys 
to idenitfy barriers and enablers of the quality objectives.   

Study of the interventions 
Following three weeks of focused staff training (23 March to 12 April), interventions will be 
phased in from 13 April to 24 May 2026, with ongoing staff education and support. Three six-
month quality cycles will be run, each involving a 6-week period of audit, a staff survey, review 
of interventions by the quality group, modification of the intervention bundle, if required, and 
staff feedback and education. The staff survey will assess perceived barriers and potential 
solutions to delivering the quality interventions (Appendices). The quality cycles will be 
supported by periodic case review sessions to discuss selected cases that highlight successes 
and challenges in implementing the quality interventions. The case review sessions will be part 
of the wider KFNC quality and audit meeting programme. Formal review of audit data will be 
presented at KFNC grand rounds. Maternity and neonatal staff will be invited to attend all 
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quality presentations. At all stages of the quality improvement initiative, staff will be able to give 
verbal or written feedback to the quality group about the quality interventions.   

Timeline 
Phase Baseline Implementation  Cycle 1 Cycle 2 Cycle 3 Close 
Dates 1/9/25 to 12/4/26 23/3/26  

24/5/26 
25/5/26 

to 
22/11/26 

23/11/26 
to 

23/5/27 

24/5/27 
to 

24/10/27 

25/10/27 
to 

22/12/27 
Audit data 
collection 

1/9/25 to 
13/10/25 

(retrospective) 

2/3/26 to 
12/4/26 

(prospective) 

 25/5/26 
to 5/7/26 

23/11/26 
to 3/1/27 

24/5/27 
to 4/7/27 

 

25/10/27 
to 

5/12/27 
Staff survey  16/3/26 to 

27/3/26 
 2/6/26 to 

12/6/26 
1/12/26 

to 
11/12/26 

31/5/27 
to 

11/6/27 

 

Review of 
interventions  

  Commence 
interventions 

13/4/26 

6/7/26 to 
17/7/26 

5/1/27 to 
16/1/27 

5/7/27 to 
16/7/27 

 

Education 
and 
feedback  

 Commence 
training 

23/3/26 to 
12/4/26 

Focused 
education 
23/3/26 to 

12/4/26 
Followed by 

ongoing training 
and support 

20/7/26 
to 

31/7/26 

 19/7/27 
to 30/727 

Write up 
quality 
report 

Case review 
sessions 

   15/6/26 
10/8/26 

19/10/26 

8/2/27 
3/5/27 

 

9/8/27 
 

 

Measures 
Audit data will be collected in six-week epochs and include all infants in the quality 
improvement initiative target population, i.e., admitted to KFNC for management of severe 
and/or recurrent transitional hypoglycaemia within 48 h of birth, born at ≥36 weeks’ gestation 
and with a birthweight of ≥2.5 kg. The audit data items are summarised below.  

Background data 
• Sex 
• Birthweight (to nearest 100 g) 
• Customised birthweight centile 
• Gestation in completed weeks 
• Plurality 
• Prioritised baby ethnicity: Māori, Pacific, Indian, Asian, Other, European 
• Maternal diabetes and type: type 1, type 2, MODY/other, GDM (OGTT fasting ≥5.3, 1 h 

≥10.6, 2 h ≥9.0 mmol/L), early GDM (diagnosed <20 weeks), suspected type 2 at booking 
(HbA1c ≥48 mmol/mol <20 weeks), suspected prediabetes at booking (HbA1c 42 to 47 
mmol/mol < 20 weeks) 

• Antenatal diagnosis of FGR (as per national guideline) 
• Mother intends to breastfeed 
• Received formula before KFNC admission 
• Evidence of establishing breastfeeding before KFNC admission (if intends to 

breastfeed): taking EBM or D-F breastfeed 
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Outcome measures 
• Prioritised admission criterion (baseline phase): seizure> profound hypoglycaemia <1.2 

mmol/L despite 2 doses of dextrose gel> hypoglycaemia 1.2 to 2.5 mmol/L despite two 
doses of dextrose buccal gel and trial of supplementary feed 5 ml/kg> third episode of 
hypoglycaemia 

• Prioritised admission criterion (intervention phase): seizure> profound hypoglycaemia 
(<1.2 mmol/L), ongoing hypoglycaemia <2.6 mmol/L after two doses of dextrose gel and 
feeding of the parents’ choice in a single episode> third episode of hypoglycaemia 

• Initial management pathway in KFNC (formula, IV dextrose, IV dextrose and formula, 
primary medical therapy) 

• If the initial management pathway is primary medical therapy: 
o Glucagon given within 20 min of admission to KFNC 
o Diazoxide given within 20 min of admission to KFNC 
o Breastfed or given EBM within 1 h of admission to KFNC 

• Rescue diazoxide therapy 
• If diazoxide is used, diazoxide dose is titrated up  
• If diazoxide is used, diazoxide duration 
• Time to first BGC ≥2.8 mmol/L in KFNC  
• Hypoglycaemia ≥90 min after admission to KFNC: no (all BGC from 90 min ≥2.8 

mmol/L), borderline hypoglycaemia (any BGC 2.6 to 2.7 mmol/L), 1 or 2 episodes of 
hypoglycaemia (<2.6 mmol/L), recurrent hypoglycaemia (≥3 episodes <2.6 mmol/L) 

• Severe hypoglycaemia (<2.0 mmol/L) ≥90 min after admission to KFNC  
• Hyperglycaemia >7 mmol/L after admission to KFNC  
• Hypoglycaemia <2.6 mmol/L after discharge from KFNC 
• Hyperglycaemia >7 mmol/L after discharge from KFNC 
• Time from admission to KFNC to metabolic transition (BGC maintained ≥3.3 mmol/L for 

≥24 h on normal enteral feeding) 
• Seizure after admission to KFNC 
• Commencement of oxygen therapy or respiratory support after admission to KFNC 

o If yes, maximal Fi02 
o If yes, maximal support level: low flow oxygen, high flow, CPAP, mechanical 

ventilation, other 
o If yes, primary diagnosis: TTN, pneumonia, air leak, PPHN, congenital 

malformation, other 
• Formula given in KFNC 
• Feed type at discharge from KFNC (last 6 h): breastfeeding/EBM, formula, mixed 
• Formula given after discharge from KFNC 
• Feeding status at discharge to home: exclusive breastfeeding (only mother’s milk since 

birth or medications), full breastfeeding (only mother’s milk for 48 h before discharge or 
medications), formula or mixed feeding (any formula in the 48 h before discharge) 

• Total duration of admission in KFNC for hypoglycaemia 

Data management 
The above audit data will be collected in REDCap. To ensure confidentiality, data will be de-
identified by using the random BadgerNet number as the record identifier. Only approved 
hospital staff with BadgerNet access will be able to re-identify the baby. Additional 
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confidentialisation will be achieved by only recording gestation in completed weeks and 
birthweight to the nearest 100 g, and no dates will be recorded. Time-based measures will be 
calculated in a temporary spreadsheet, which will be deleted once the outcomes are entered 
into REDCap.  

An online staff survey will be delivered via a REDCap project, accessed by a QR code that will 
be made available in staff areas. The survey will be anonymous but staff will be given the option 
to give their name and contacts, if they wish to talk to a member of the quality group.  

Access to REDCap projects will be limited to the quality group lead and quality team members 
collecting and anlysing data. After the quality project, the REDCap projects will be deleted, and 
the deidentified and confidentialised data files will be securely archived by the quality group 
lead. No data files will be shared outside of the quality group. Quality group reports will present 
only summary data.  

Analysis 
Audit data and staff survey results will be summarised with appropriate descriptive statistics 
during each quality cycle.  

The primary quality measures are:  

• Hypoglycaemia from 90 min after admission to KFNC until discharge to home, defined 
as <2.8 mmol/L while in KFNC and <2.6 mmol/L after discharge from KFNC 
(denominator: all babies eligible for audit) 

• Total duration of admission in KFNC during the primary hospital stay (denominator: all 
babies eligible for audit) 

• Full breastfeeding at discharge to home (denominator 1: all babies eligible for audit; 
denominator 2: all babies eligible for audit and mother intending to breastfeed) 

The overall effectiveness of the quality interventions will be evaluated against the primary 
quality measures using a single interrupted time series with segmented regression analysis.123 
Analyses will be undertaken with SAS software (v9.4).  

Secondary analysis will explore interactions between the effect of quality interventions on the 
primary quality measures by ethnicity and primary risk factor for hypoglycaemia.  

Other audit data will be used to explain changes (or lack of) in the primary quality measures and 
to identify areas for improvement in the quality interventions.   

Ethical considerations 
Health care systems have a duty to improve the quality of clinical care provided, especially 
when elements of practice have been shown to have limited effectiveness and contribute to 
patient harm, as is the case with neonatal hypoglycaemia (e.g., ongoing hypoglycaemia, high 
burden of painful procedures, prolonged admission, low exclusive breastfeeding).124,125  

This quality improvement initiative is not clinical research because it is seeking to translate the 
best available knowledge into every day practice; is not aiming to produce generalisable new 
knowledge but is addressing a complex, context-specific clinical problem; is focusing on 
quality issues identified by patients; is promoting patient autonomy by providing a better range 
of treatment options; is seeking to prevent harm caused by current practice; has a high 
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likelihood of offering direct benefit to all patients; and will introduce a multifaceted bundle of 
care with regular quality cycles based on audit, feedback and other quality methodologies.125  

New Zealand does not have a mature pathway for oversight of quality improvement activities, 
although general ethical considerations are provided (National Ethical Standards 18.1-18.8), all 
of which have been met by this quality improvement initiative.125 The Hastings Centre has 
developed an ethical framework of seven fundamental obligations that constitute a necessary 
condition of adequate ethics in health improvement.124 These obligations have also been met 
by this quality improvement initiative, as outlined below.  

Obligations Explanation How the quality improvement initiative will 
meet the obligation 

Respect patients A central patient right is to have one’s 
autonomy respected. 
Respect is also shown by protecting 
confidentiality, evaluating the 
effectiveness of health care in terms 
of outcomes that matter to patients, 
and helping patients understand 
what is happening to them.      
 

The objectives of the quality improvement 
initiative are based on parental priorities.  
The quality interventions will increase patient 
autonomy through better information sharing 
and by providing a better range of treatment 
options. 
Privacy will be protected in the collection of 
audit data by deidentification and 
confidentialisation of data fields and values. 
Audit data will not be shared outside of the 
quality group.  

Respect clinician 
judgement 

The exercise of clinical judgment can 
further the health interests of 
patients in achieving the best clinical 
outcome and can advance the 
autonomy interests of patients. 
However, clinician judgment may 
also fail to achieve the best health 
outcomes for patients, especially 
when there is an absence of good 
empirical evidence, or when that 
evidence does not factor in the 
forming of the judgment.  

The evidence for and understanding of 
transitional hypoglycaemia has changed 
substantially since the current hospital 
guidelines were written. There is now evidence 
that aspects of current practice have limited 
effectiveness and contribute to patient harm. 
The quality interventions will improve clinician 
understanding of the pathophysiology of 
transitional hypoglycaemia and ensure that 
practice is physiologically based. They will also 
reduce non-clinical variation in care.  
Clinician judgment will still be important in 
responding to atypical metabolic responses to 
treatment and in recognising the need to 
consider alternative diagnoses.  

Provide optimal care 
to each patient 

Advance the welfare interests of 
each patient by providing optimal 
care aimed at securing the best 
possible clinical outcome. The 
expected net clinical benefit for the 
patients affected by a learning 
activity should be compared to the 
net benefit they likely would have 
experienced if their care had not 
been affected by that activity. 

The quality interventions are very likely to 
achieve net benefit for all babies, compared to 
current practice. For formula-fed infants, 
increasing feed volumes after hypoglycaemia 
will decrease the risk of ongoing 
hypoglycaemia, and need for and duration of 
admission to KFNC. For breastfeeding infants, 
the quality improvement initiative will offer a 
pathway that will support safe exclusive 
breastfeeding, in addition to promoting 
metabolic transition and shorter hospital stay.    

Avoid imposing non-
clinical risks and 
burdens 

These include risks to privacy of 
health information, employment, 
reputation, or additional tests or 
visits.   

The privacy of health information will be fully 
protected as above.  
The quality interventions are likely to reduce the 
overall burden of care.  

Address unjust 
inequalities 

Learning activities should not 
disproportionately benefit patients 
who are already socially and 
economically advantaged, and 
potential negative effects should not 
fall disproportionately on socially 
and economically disadvantaged 
groups. 

All eligible patient groups will be equally 
involved in this quality improvement initiative.   
Ethnicity will be collected to allow a 
comparison of the primary quality measures by 
ethnic group. Potential inequity will be 
addressed by the quality group.  
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Conduct continuous 
learning activities that 
improve the quality of 
clinical care and 
health care systems 

Learning activities must be 
individually assessed for the extent 
to which they hold the prospect of 
contributing to the improvement of 
health care services and systems. 

The quality interventions are very likely to 
achieve net benefit for each baby compared to 
current practice. All the quality interventions 
are low or minimal risk.  

Patient contribution to 
the common purpose 
of improving the 
quality and value of 
clinical care and the 
health care system 

Patients have a common interest in 
supporting just institutions and an 
obligation to participate in and 
facilitate health system learning. This 
requires near-universal participation 
in learning activities that are 
integrated, on an ongoing basis, with 
the clinical care that patients 
receive.   

Parents will be informed of the quality 
improvement initiative and the collection of 
audit data. Patient autonomy will be respected 
by providing a better range of treatment 
options.  

 

National Ethical Standards 18.9-18.10 provide guidance about patient consent for quality 
improvement initiatives.125 If change is made at a system level to improve outcomes, is 
supported by evidence of benefit in similar populations, and is not being made solely to 
improve efficiency or for the benefit of the healthcare provider, only routine patient consent is 
required, i.e., verbal assent after a discussion of the treatment options by a clinical provider. 
These discussions should be documented as part of routine clinical practice.  

Clinical and ethical oversight for this quality improvement initiative is provided by the quality 
group, the executive sponsor, and the KFNC quality programme, which reports to the senior 
leadership.   

Responsiveness to Māori 
Currently, there are no clinical staff working in KFNC who identify as Māori. Ms Jenny Rogers, 
Ngāi Tahu, will assist the quality group by providing a Māori perspective on quality initiatives 
and information given to whānau, and will guide analysis of audit data relating to Māori babies. 
Ms Rogers is a Māori paediatric researcher with over 15 years of experience in studying 
transitional hypoglycaemia, including intervention trials and long-term follow-up studies. She is 
an investigator of the NeoGluCO Study.3 Ms Rogers has a wealth of expertise relating to the 
experience of Māori mothers, babies and whānau with neonatal hypoglycaemia.119    

This quality initiative seeks to improve outcomes for all patient groups, including Māori babies. 
Māori women have a higher risk of preterm birth and are more likely to have diabetes mellitus 
and low birthweight babies, compared to European women,126,127 all of which are risk factors for 
transitional hypoglycaemia. However, the proportion of Māori infants admitted to KFNC with 
severe or recurrent hypoglycaemia is similar to that of the background pregnancy population 
(~20%), suggesting that the screening and diagnosis of transitional hypoglycaemia among Māori 
infants may be inadequate. There may also be differences by ethnic group in the type or 
intensity of treatment offered or clinical outcomes, although this is currently unknown. BFHQI 
will track audit data by ethnicity and will highlight any potential inequities of care in KFNC for 
Māori compared with non-Māori babies. Should this occur, additional steps will be taken to 
adjust quality interventions and ensure that they remain cultural safe and relevant for Māori.     

This quality initiative is aligned with other key priority areas for Māori in neonatal care, including 
promotion of breastfeeding128-130 and maintaining contact between babies and their whānau.  
For Māori, being close to a newborn baby and being able to hold them is critical to bonding and 



25 
 

emplacing them in whakapapa networks, processes that are severely disprupted by admission 
to KFNC.131 BFHQI will dramatically reduce the time babies spend in KFNC (and in hospital), 
thereby reducing separation of mother and baby, and promoting an environment more 
condusive to successful breastfeeding. Kaupapa Māori studies have emphasised the 
importance of involving whānau in breastfeeding education and discussions and provision of 
timely, culturally relevant and comprehensive information,128,129 and this will be a focus of 
BFHQI.     

Other studies 
 As a quality initiative, this project is not undertaking any primary research on transitional 
hypoglycaemia. However, the audit of quality measures may raise new questions for further 
inquiry. The quality group is well placed to initiate parallel clinical research studies, both 
quantitative and qualitative, if required. Such research studies will have a separate protocol, 
and require ethical and locality research approval. 

References  
1. Lee SK, Singhal N, Aziz K, Cronin CM. The EPIQ evidence reviews - practical tools for an 

integrated approach to knowledge translation. Paediatr Child Health. 2011;16(10):629-30. 

2. Ogrinc G, Davies L, Goodman D, Batalden P, Davidoff F, Stevens D. SQUIRE 2.0 (Standards 

for QUality Improvement Reporting Excellence): revised publication guidelines from a detailed 
consensus process. BMJ Qual Saf. 2016;25(12):986-92. 

3. Laing D WE, Alsweiler JM, Hanning SM, Meyer MP, Ardern J, Cutfield WS, Rogers J, Gamble 

GD, Chase JG, Harding JE, McKinlay CJD. Diazoxide for severe or recurrent neonatal 
hypoglycaemia: a randomized clinical trial. JAMA Netw Open. 2024;7(6):e2415764. 

4. St Clair SL, Dai DWT, Harris DL, Gamble GD, McKinlay CJD, Nivins S, Shah RK, Thompson 

B, Harding JE. Mid-childhood outcomes after dextrose gel treatment of neonatal hypoglycaemia: 
follow-up of the Sugar Babies Randomized Trial. Neonatology. 2023;120(1):90-101. 

5. Laing D, Walsh E, Alsweiler JM, Hanning SM, Meyer MP, Ardern J, Cutfield WS, Rogers J, 

Gamble GD, Chase JG, Harding JE, McKinlay CJ. Oral diazoxide versus placebo for severe or 
recurrent neonatal hypoglycaemia: Neonatal Glucose Care Optimisation (NeoGluCO) study - a 
randomised controlled trial. BMJ Open. 2022;12(8):e059452. 

6. Wei X, Franke N, Alsweiler JM, Brown GTL, Gamble GD, McNeill A, Rogers J, Thompson B, 

Turuwhenua J, Wouldes TA, Harding JE, McKinlay CJD. Dextrose gel prophylaxis for neonatal 
hypoglycaemia and neurocognitive function at early school age: a randomised dosage trial. Arch Dis 
Child Fetal Neonatal Ed. 2024;109(4):421-7. 

7. Bailey MJ, Rout A, Harding JE, Alsweiler JM, Cutfield WS, McKinlay CJD. Prolonged 

transitional neonatal hypoglycaemia: characterisation of a clinical syndrome. J Perinatol. 
2020;41(5):1149-57. 

8. McKinlay CJD, Alsweiler JM, Bailey MJ, Cutfield WS, Rout A, Harding JE. A better taxonomy 

for neonatal hypoglycemia is needed. J Perinatol. 2021;41(5):1205-6. 

9. McKinlay CJD, Alsweiler JA, Ansell JM, Anstice NS, Chase JG, Gamble GD, Harris DL, 

Jacobs RJ, Jiang Y, Paudel N, Signal M, Thompson B, Wouldes TA, Yu TY, Harding JE, for the 
CHYLD Study Group. Neonatal glycemia and neurodevelopmental outcomes at two years. N Engl J 
Med. 2015;373:1507-18. 

10. McKinlay CJD, Alsweiler JM, Anstice NS, Burakevych N, Chakraborty A, Chase JG, Gamble 

GD, Harris DL, Jacobs RJ, Jiang Y, Paudel N, San Diego RJ, Thompson B, Wouldes TA, Harding JE. 
Association of neonatal glycemia with neurodevelopmental outcomes at 4.5 years. JAMA Pediatr. 
2017;171(10):972-83. 

11. Burakevych N, McKinlay CJD, Harris DL, Alsweiler JM, Harding JE. Factors influencing 

glycaemic stability after neonatal hypoglycaemia and relationship to neurodevelopmental outcome. 
Sci Rep. 2019;9(1):8132. 



26 
 

12. Griffith RJ, Harding JE, McKinlay CJD, Wouldes TA, Harris DL, Alsweiler JM. Maternal 

glycemic control in diabetic pregnancies and neurodevelopmental outcomes in preschool aged 
children. A prospective cohort study. Early Hum Dev. 2019;130:101-8. 

13. Shah R, Brown GTL, Keegan P, Harding JE, McKinlay CJD. School readiness screening and 

educational achievement at 9-10 years of age. J Paediatr Child Health. 2021;57(12):1929-35. 

14. Shah R, Dai DWT, Alsweiler JM, Brown GTL, Chase JG, Gamble GD, Harris DL, Keegan P, 

Nivins S, Wouldes TA, Thompson B, Turuwhenua J, Harding JE, McKinlay CJD. Association of 
neonatal hypoglycemia with academic performance in mid-childhood. JAMA. 2022;327(12):1158-70. 

15. Dai DWT, Franke N, McKinlay CJD, Wouldes TA, Brown GTL, Shah R, Nivins S, Harding JE. 

Executive function and behaviour problems in school-age children born at risk of neonatal 
hypoglycaemia. Dev Med Child Neurol. 2023;doi: 10.1111/dmcn.15520. 

16. Wei X, Franke N, Alsweiler JM, Brown GTL, Gamble GD, McNeill A, Rogers J, Thompson B, 

Turuwhenua J, Wouldes TA, Harding JE, McKinlay CJD. Neonatal hypoglycemia and neurocognitive 
function at school age: a prospective cohort study. J Pediatr. 2024;272:114119. 

17. Alsweiler JA, Amitrano F, Harding JE, Crowther CA, Brown GTL, Cavadino A, McKinlay CJD. 

Gestational diabetes mellitus and school-age cognitive and health outcomes in New Zealand: a 
matched cohort study. J Pediatr. 2025:114756. 

18. Kennedy E, Nivins S, Thompson B, McKinlay CJD, Harding J, for the Chyld Study Team. 

Neurodevelopmental correlates of caudate volume in children born at risk of neonatal hypoglycaemia. 
Pediatr Res. 2022;93(6):1634-41. 

19. Nivins S, Kennedy E, Thompson B, Gamble GD, Alsweiler JM, Metcalfe R, McKinlay CJD, 

Harding JE. Associations between neonatal hypoglycaemia and brain volumes, cortical thickness and 
white matter microstructure in mid-childhood: An MRI study. Neuroimage Clin. 2022;33:102943. 

20. Walsh EPG, Laing D, Helu T, Mravicich L, Ardern J, Rogers J, Alsweiler JM, McKinlay CJD, 

for the NeoGluCO Study Group. Parental perspectives in the management of neonatal 
hypoglycaemia. J Paediatr Child Health. 2024;60 (Suppl 1):4-38. 

21. McKinlay CJD, Chase JG, Dickson J, Harris DL, Alsweiler JM, Harding JE. Continuous 

glucose monitoring in neonates: a review. Matern Health Neonatol Perinatol. 2017;3:18. 

22. Shah R, McKinlay CJD, Harding JE. Neonatal hypoglycemia: continuous glucose monitoring. 

Curr Opin Pediatr. 2018;30(2):204-8. 

23. Dixon J, Campbell JD, Holder-Pearson LR, McKinlay CJD, Huth S, Mravicich LM, Alsweiler 

JM, Smith RG, Pretty CG, Chase JG. Open-access, light-based, wearable glucose sensor: towards a 
low-cost equitable artificial pancreas system. IEEE Engineering Medicine Biology Society. 
2022;365759:1635. 

24. Laing D, Hanning SM, Harding JE, Mravicich LC, McKinlay CJ. Diazoxide for the treatment of 

transitional neonatal hypoglycemia: a systematic review. J Neonatol. 2021;35(4):203-8. 

25. Shah R, Harding J, Brown J, McKinlay C. Neonatal glycaemia and neurodevelopmental 

outcomes: a systematic review and meta-analysis. Neonatology. 2019;115(2):116-26. 

26. Walsh EPG, Alsweiler JM, Ardern J, Hanning SM, Harding JE, McKinlay CJD. Glucagon for 

neonatal hypoglycaemia: systematic review and meta-analysis. Neonatology. 2022;119(3):285-94. 

27. Harding JE, Alsweiler JM, Edwards TE, McKinlay CJD. Neonatal hypoglycaemia. BMJ 

Medicine. 2024;3(1):e000544. 

28. Alsweiler JM, Heather N, Harris DL, McKinlay CJD. Application of the screening test 

principles to screening for neonatal hypoglycemia. Front Pediatr. 
2022;10:DOI:10.3389/fped.2022.1048897. 

29. Alsweiler JM, Harris DL, Harding JE, McKinlay CJD. Strategies to improve 

neurodevelopmental outcomes in babies at risk of neonatal hypoglycaemia. Lancet Child Adolesc 
Health. 2021;5(7):513-23. 

30. Hivert MF, Backman H, Benhalima K, Catalano P, Desoye G, Immanuel J, McKinlay CJD, 

Meek CL, Nolan CJ, Ram U, Sweeting A, Simmons D, A. J. Gestational diabetes: pathophysiology 
from preconception, during pregnancy, and beyond. Lancet. 2024;404(10448):158-74. 

31. O'Brien M, Gilchrist C, Sadler L, Hegarty JE, Alsweiler JM. Infants eligible for neonatal 

hypoglycemia screening: a systematic review. JAMA Pediatr. 2023;177(11):1187-96. 

32. Wei X. PhD Thesis: Early school age outcomes after exposure to neonatal hypoglycaemia 

and prophylactic dextrose gel. University of Auckland. 2024;https://hdl.handle.net/2292/71984. 

https://hdl.handle.net/2292/71984


27 
 

33. Roeper M, Hoermann H, Körner LM, Sobottka M, Mayatepek E, Kummer S, Meissner T. 

Transitional neonatal hypoglycemia and adverse neurodevelopment in midchildhood. JAMA Netw 
Open. 2024;7(3):e243683. 

34. Rasmussen AH, Wehberg S, Pørtner F, Larsen AM, Filipsen K, Christesen HT. 

Neurodevelopmental outcomes after moderate to severe neonatal hypoglycemia. Eur J Pediatr. 
2020;179(12):1981-91. 

35. Harris DL, Weston PJ, Signal M, Chase JG, Harding JE. Dextrose gel for neonatal 

hypoglycaemia (the Sugar Babies Study): a randomised, double-blind, placebo-controlled trial. 
Lancet. 2013;382(9910):2077-83. 

36. Del Carmen Covas M, Quintana D, Oviedo B, Medina MS, Gurrea M, Miyar A, Alda E. 

Neonatal hypoglycemia: glucose gel efficacy in the treatment of early hypoglycemia in newborns with 
risk factors. Randomized clinical trial. Andes Pediatr. 2023;94(1):70-7. 

37. Harris DL, Gamble GD, Weston PJ, Harding JE. What happens to blood glucose 

concentrations after oral treatment for neonatal hypoglycemia? J Pediatr. 2017;190:136-41. 

38. Glasgow MJ, Harding JE, Edlin R. Cost-analysis of treating neonatal hypoglycemia with 

dextrose gel. J Pediatr. 2018;198:151-5.e1. 

39. Anthony R, McKinlay CJD. Adaptation for life after birth: a review of neonatal physiology. 

Anaesth Intensive Care Med. 2022;24(1):1-9. 

40. Futatani T, Ina S, Shimao A, Higashiyama H, Fujita S, Igarashi N, Hatasaki K. Exclusive 

breast-feeding and postnatal changes in blood sodium, ketone, and glucose levels. Pediatr Int. 
2019;61(5):471-4. 

41. Harris DL, Weston PJ, Harding JE. Point-of-care measurements of blood ketones in 

newborns. Arch Dis Child Fetal Neonatal Ed. 2019;104(5):F544-F6. 

42. Susa JB, McCormick KL, Widness JA, Singer DB, Oh W, Adamsons K, Schwartz R. Chronic 

hyperinsulinemia in the fetal rhesus monkey: effects on fetal growth and composition. Diabetes. 
1979;28(12):1058-63. 

43. Girard JR, Kervran A, Soufflet E, Assan R. Factors affecting the secretion of insulin and 

glucagon by the rat fetus. Diabetes. 1974;23(4):310-7. 

44. McKinlay CJ, Dalziel SR, Harding JE. Antenatal glucocorticoids: where are we after forty 

years? J Dev Orig Health Dis. 2015;6(2):127-42. 

45. Mehta A, Wootton R, Cheng KN, Penfold P, Halliday D, Stacey TE. Effect of diazoxide or 

glucagon on hepatic glucose production rate during extreme neonatal hypoglycaemia. Arch Dis Child. 
1987;62(9):924-30. 

46. Sperling MA, Ganguli S, Leslie N, Landt K. Fetal-perinatal catecholamine secretion: role in 

perinatal glucose homeostasis. Am J Physiol. 1984;247(1 Pt 1):E69-74. 

47. Sunehag A, Gustafsson J, Ewald U. Glycerol carbon contributes to hepatic glucose 

production during the first eight hours in healthy term infants. Acta Paediatr. 1996;85(11):1339-43. 

48. Marcus C, Ehrén H, Bolme P, Arner P. Regulation of lipolysis during the neonatal period. 

Importance of thyrotropin. J Clin Invest. 1988;82(5):1793-7. 

49. Vízek K, Rázová M, Melichar V. Lipolytic effect of TSH, glucagon and hydrocortisone on the 

adipose tissue of newborns and adults in vitro. Physiol Bohemoslov. 1979;28(4):325-31. 

50. Girard J. Metabolic adaptations to change of nutrition at birth. Biol Neonate. 1990;58(Suppl 

1):3-15. 

51. Sunehag AL. The role of parenteral lipids in supporting gluconeogenesis in very premature 

infants. Pediatr Res. 2003;54(4):480-6. 

52. Ktorza A, Bihoreau MT, Nurjhan N, Picon L, Girard J. Insulin and glucagon during the 

perinatal period: secretion and metabolic effects on the liver. Biol Neonate. 1985;48(4):204-20. 

53. Balachandran B, Mukhopadhyay K, Sachdeva N, Walia R, Attri SV. Randomised controlled 

trial of diazoxide for small for gestational age neonates with hyperinsulinaemic hypoglycaemia 
provided early hypoglycaemic control without adverse effects. Acta Paediatr. 2018;107(6):990-5. 

54. Yang J, Hammoud B, Li C, Ridler A, Yau D, Kim J, Won KJ, Stanley CA, Hoshi T, Stanescu 

DE. Decreased KATP channel activity contributes to the low glucose threshold for insulin secretion of 
rat neonatal islets. Endocrinology. 2021;162(9). 

55. Krell S, Hamburg A, Gover O, Molakandov K, Leibowitz G, Sharabi K, Walker MD, Helman A. 

Beta cells intrinsically sense and limit their secretory activity via mTORC1-RhoA signaling. Cell Rep. 
2025;44(5):115647. 



28 
 

56. Helman A, Cangelosi AL, Davis JC, Pham Q, Rothman A, Faust AL, Straubhaar JR, Sabatini 

DM, Melton DA. A nutrient-sensing transition at birth triggers glucose-responsive insulin secretion. 
Cell Metab. 2020;31(5):1004-16.e5. 

57. Marconi AM, Paolini C, Buscaglia M, Zerbe G, Battaglia FC, Pardi G. The impact of 

gestational age and fetal growth on the maternal-fetal glucose concentration difference. Obstet 
Gynecol. 1996;87(6):937-42. 

58. Nicolini U, Hubinont C, Santolaya J, Fisk NM, Coe AM, Rodeck CH. Maternal-fetal glucose 

gradient in normal pregnancies and in pregnancies complicated by alloimmunization and fetal growth 
retardation. Am J Obstet Gynecol. 1989;161(4):924-7. 

59. Wang J, Shen S, Price MJ, Lu J, Sumilo D, Kuang Y, Manolopoulos K, Xia H, Qiu X, Cheng 

KK, Nirantharakumar K. Glucose, insulin, and lipids in cord blood of neonates and their association 
with birthweight: differential metabolic risk of large for gestational age and small for gestational age 
babies. J Pediatr. 2020;220:64-72 e2. 

60. Vanspranghels R, Houfflin-Debarge V, Deken V, Rakza T, Maboudou P, Storme L, 

Ghesquiere L, Garabedian C. Umbilical cord arterial and venous gases, ionogram, and glucose level 
for predicting neonatal morbidity at term. Eur J Obstet Gynecol Reprod Biol. 2020;252:181-6. 

61. Zanardo V, Mari G, de Luca F, Scambia G, Guerrini P, Straface G. Lactate in cord blood and 

its relation to fetal gluconeogenesis in at term deliveries. Early Hum Dev. 2015;91(3):165-8. 

62. Smolkin T, Ulanovsky I, Carasso P, Makhoul IR. Standards of admission capillary blood 

glucose levels in cesarean born neonates. World J Pediatr. 2017;13(5):433-8. 

63. Matterberger C, Baik-Schneditz N, Schwaberger B, Schmölzer GM, Mileder L, Pichler-Stachl 

E, Urlesberger B, Pichler G. Blood glucose and cerebral tissue oxygenation immediately after birth-an 
observational study. J Pediatr. 2018;200:19-23. 

64. Alkalay AL, Sarnat HB, Flores-Sarnat L, Elashoff JD, Farber SJ, Simmons CF. Population 

meta-analysis of low plasma glucose thresholds in full-term normal newborns. Am J Perinatol. 
2006;23(2):115-9. 

65. Levy-Khademi F, Perry A, Klinger G, Herscovici T, Kasirer Y, Bromiker R. Normal point of 

care glucose values after birth in the well-baby nursery. Am J Perinatol. 2019;36(2):219-24. 

66. Harris DL, Weston PJ, Gamble GD, Harding JE. Glucose profiles in healthy term infants in the 

first 5 days: the Glucose in Well Babies (GLOW) Study. J Pediatr. 2020;223:34-41.e4. 

67. Mukunya D, Odongkara B, Piloya T, Nankabirwa V, Achora V, Batte C, Ditai J, Tylleskar T, 

Ndeezi G, Kiguli S, Tumwine JK. Prevalence and factors associated with neonatal hypoglycemia in 
Northern Uganda: a community-based cross-sectional study. Trop Med Health. 2020;48(1):89. 

68. Harris DL, Weston PJ, Harding JE. Alternative cerebral fuels in the first five days in healthy 

term infants: the Glucose in Well Babies (GLOW) Study. J Pediatr. 2021;231:81-6 e2. 

69. Futatani T, Shimao A, Ina S, Higashiyama H, Hatasaki K, Makimoto M, Yoshida T, Imamura 

H, Ogawa J, Watanabe K, Konishi M. Actual incidence of severe neonatal hypoglycemia in non-risk 
term neonates: A 10 year survey of all cases in Toyama Prefecture, Japan. Pediatr Int. 
2022;64(1):e15254. 

70. Vannucci RC, Vannucci SJ. Glucose metabolism in the developing brain. Semin Perinatol. 

2000;24(2):107-15. 

71. Zhang Y, Chen D, Ji Y, Yu W, Mao J. Dynamic magnetic resonance imaging findings in the 

early stages of neonatal hypoglycemic brain injury. Eur J Pediatr. 2022;181(12):4167-74. 

72. Tian Z, Zhu Q, Wang R, Xi Y, Tang W, Yang M. The advantages of the magnetic resonance 

image compilation (MAGiC) method for the prognosis of neonatal hypoglycemic encephalopathy. 
Front Neurosci. 2023;17:1179535. 

73. Tam EW, Widjaja E, Blaser SI, Macgregor DL, Satodia P, Moore AM. Occipital lobe injury and 

cortical visual outcomes after neonatal hypoglycemia. Pediatrics. 2008;122(3):507-12. 

74. Cacciatore M, Grasso EA, Tripodi R, Chiarelli F. Impact of glucose metabolism on the 

developing brain. Front Endocrinol (Lausanne). 2022;13:1047545. 

75. Filan PM, Inder TE, Cameron FJ, Kean MJ, Hunt RW. Neonatal hypoglycemia and occipital 

cerebral injury. J Pediatr. 2006;148(4):552-5. 

76. De Angelis LC, Brigati G, Polleri G, Malova M, Parodi A, Minghetti D, Rossi A, Massirio P, 

Traggiai C, Maghnie M, Ramenghi LA. Neonatal hypoglycemia and brain vulnerability. Front 
Endocrinol (Lausanne). 2021;12:634305. 



29 
 

77. Burns CM, Rutherford MA, Boardman JP, Cowan FM. Patterns of cerebral injury and 

neurodevelopmental outcomes after symptomatic neonatal hypoglycemia. Pediatrics. 2008;122(1):65-
74. 

78. Lyons SA, Kettenmann H. Oligodendrocytes and microglia are selectively vulnerable to 

combined hypoxia and hypoglycemia injury in vitro. J Cereb Blood Flow Metab. 1998;18(5):521-30. 

79. Yan H, Rivkees SA. Hypoglycemia influences oligodendrocyte development and myelin 

formation. Neuroreport. 2006;17(1):55-9. 

80. Suh SW, Gum ET, Hamby AM, Chan PH, Swanson RA. Hypoglycemic neuronal death is 

triggered by glucose reperfusion and activation of neuronal NADPH oxidase. J Clin Invest. 
2007;117(4):910-8. 

81. Suh SW, Aoyama K, Matsumori Y, Liu J, Swanson RA. Pyruvate administered after severe 

hypoglycemia reduces neuronal death and cognitive impairment. Diabetes. 2005;54(5):1452-8. 

82. Wong DS, Poskitt KJ, Chau V, Miller SP, Roland E, Hill A, Tam EW. Brain injury patterns in 

hypoglycemia in neonatal encephalopathy. AJNR American journal of neuroradiology. 
2013;34(7):1456-61. 

83. Yamada KA, Rensing N, Thio LL. Ketogenic diet reduces hypoglycemia-induced neuronal 

death in young rats. Neurosci Lett. 2005;385(3):210-4. 

84. Harris DL, Weston PJ, Williams CE, Pleasants AB, Battin MR, Spooner CG, Harding JE. Cot-

side electroencephalography monitoring is not clinically useful in the detection of mild neonatal 
hypoglycemia. J Pediatr. 2011;159(5):755-60. 

85. Vagelli G, Garbarino F, Calevo MG, Brigati G, Ramenghi LA. Near-Infrared Spectroscopy and 

Continuous Glucose Monitoring During Therapeutic Hypothermia. Neurotrauma Rep. 2024;5(1):13-5. 

86. Edwards T, Alsweiler JM, Gamble GD, Griffith R, Lin L, McKinlay CJD, Rogers JA, Thompson 

B, Wouldes TA, Harding JE. Neurocognitive outcomes at age 2 years after neonatal hypoglycemia in 
a cohort of participants from the hPOD randomized trial. JAMA Netw Open. 2022;5(10):e2235989. 

87. Kaiser JR, Bai S, Gibson N, Holland G, Lin TM, Swearingen CJ, Mehl JK, ElHassan NO. 

Association between transient newborn hypoglycemia and fourth-grade achievement test proficiency: 
a population-based study. JAMA Pediatr. 2015;169(10):913-21. 

88. Silva AE, Harding JE, Chakraborty A, Dai DW, Gamble GD, McKinlay CJD, Nivins S, Shah R, 

Thompson B. Associations between autism spectrum quotient and integration of visual stimuli in 9-
year-old children: preliminary evidence of sex differences. . J Autism Dev Disord. 2023;DOI: 
10.1007/s10803-023-06035-1. 

89. Rees DJ, Carr NR, Ponnapakkam AP. Effect of donor breastmilk vs formula supplementation 

on blood glucose levels in neonates at risk for hypoglycemia. Pediatrics. 2021;147:330-2. 

90. Sen S, Andrews C, Anderson E, Turner D, Monthé-Drèze C, Wachman EM. Type of feeding 

provided with dextrose gel impacts hypoglycemia outcomes: comparing donor milk, formula, and 
breastfeeding. J Perinatol. 2020;40(11):1705-11. 

91. Ponnapakkam A, Rees D, Gallup MC, Ahmad KA, Miller D, Fagiana A, Carr NR. 

Supplementation-based hypoglycemia guidelines including donor breast milk reduce NICU admission. 
J Perinatol. 2021;41(8):2088-94. 

92. Ferrarello D, Schumacher A, Anca R. Nurse-driven initiative to increase exclusive human milk 

feeding by using pasteurized donor human milk to treat hypoglycemic term neonates. Nurs Womens 
Health. 2019;23(4):316-26. 

93. Merjaneh N, Williams P, Inman S, Schumacher M, Ciurte A, Smotherman C, Alissa R, Hudak 

M. The impact on the exclusive breastfeeding rate at 6 months of life of introducing supplementary 
donor milk into the level 1 newborn nursery. J Perinatol. 2020;40(7):1109-14. 

94. Harris DL, Gamble GD, Harding JE. Outcome at 4.5 years after dextrose gel treatment of 

hypoglycaemia: follow-up of the Sugar Babies randomised trial. Arch Dis Child Fetal Neonatal Ed. 
2022. 

95. Harris DL, Alsweiler JM, Ansell JM, Gamble GD, Thompson B, Wouldes TA, Yu TY, Harding 

JE. Outcome at 2 years after dextrose gel treatment for neonatal hypoglycemia: follow-up of a 
randomized trial. J Pediatr. 2016;170:54-9.e1-2. 

96. Gupta K, Amboiram P, Balakrishnan U, C A, Abiramalatha T, Devi U. Dextrose gel for 

neonates at risk with asymptomatic hypoglycemia: a randomized clinical trial. Pediatrics. 2022;149(6). 

97. Lilien LD, Grajwer LA, Pildes RS. Treatment of neonatal hypoglycemia with continuous 

intravenous glucose infusion. J Pediatr. 1977;91(5):779-82. 



30 
 

98. Lilien LD, Pildes RS, Srinivasan G, Voora S, Yeh TF. Treatment of neonatal hypoglycemia 

with minibolus and intraveous glucose infusion. The Journal of pediatrics. 1980;97(2):295-8. 

99. Frymoyer A, Monasch EM, Yeh Lee M, Maahs DM. Burden of "pokes" in newborns with 

hypoglycemia who require IV dextrose. Hosp Pediatr. 2025;15(8):e377-e81. 

100. Dalal SS, Chawla D, Singh J, Agarwal RK, Deorari AK, Paul VK. Limb splinting for 

intravenous cannulae in neonates: a randomised controlled trial. Arch Dis Child Fetal Neonatal Ed. 
2009;94(6):F394-6. 

101. Upadhyay A, Verma KK, Lal P, Chawla D, Sreenivas V. Heparin for prolonging peripheral 

intravenous catheter use in neonates: a randomized controlled trial. J Perinatol. 2015;35(4):274-7. 

102. van Rens M, Hugill K, Mahmah MA, Bayoumi M, Francia ALV, Garcia KLP, van Loon FHJ. 

Evaluation of unmodifiable and potentially modifiable factors affecting peripheral intravenous device-
related complications in neonates: a retrospective observational study. BMJ Open. 
2021;11(9):e047788. 

103. Chin LY, Walsh TA, Van Haltren K, Hayden L, Davies-Tuck M, Malhotra A. Elective 

replacement of intravenous cannula in neonates-a randomised trial. Eur J Pediatr. 
2018;177(11):1719-26. 

104. Bora R, Deori S. Transitional hypoglycaemia management in small for gestational age 

neonates with sucrose enriched expressed breastmilk in resource poor setting. J Trop Pediatr. 
2020;66(3):267-74. 

105. Stubbs BJ, Cox PJ, Evans RD, Santer P, Miller JJ, Faull OK, Magor-Elliott S, Hiyama S, 

Stirling M, Clarke K. On the metabolism of exogenous ketones in humans. Front Physiol. 2017;8:848. 

106. Russell-Jones D, Smout V, Roy S, Myers G, Littlewood R, Shojaee-Moradie F. A novel 

glucose beta-hydroxybutyrate combination improves hypoglycaemia recovery and patient-reported 
outcomes in type 1 diabetes. Diabetes Obes Metab. 2025;DOI:10.1111/dom.70323. 

107. Daines SA. The therapeutic potential and limitations of ketones in traumatic brain injury. Front 

Neurol. 2021;12:723148. 

108. Kasirer Y, Dotan O, Mimouni FB, Wasserteil N, Hammerman C, Bin-Nun A. The use of 

intramuscular glucagon to prevent IV glucose infusion in early neonatal hypoglycemia. J Perinatol. 
2021;41(5):1158-65. 

109. Mohnike K, Blankenstein O, Pfuetzner A, Pötzsch S, Schober E, Steiner S, Hardy OT, 

Grimberg A, van Waarde WM. Long-term non-surgical therapy of severe persistent congenital 
hyperinsulinism with glucagon. Horm Res. 2008;70(1):59-64. 

110. Stanley CA. Perspective on the genetics and diagnosis of congenital hyperinsulinism 

disorders. J Clin Endocrinol Metab. 2016;101(3):815-26. 

111. Hoe FM, Thornton PS, Wanner LA, Steinkrauss L, Simmons RA, Stanley CA. Clinical features 

and insulin regulation in infants with a syndrome of prolonged neonatal hyperinsulinism. J Pediatr. 
2006;148(2):207-12. 

112. Herrera A, Vajravelu ME, Givler S, Mitteer L, Avitabile CM, Lord K, De Leon DD. Prevalence 

of adverse events in children with congenital hyperinsulinism treated with diazoxide. J Clin Endocrinol 
Metab. 2018;103(12):4365-72. 

113. Gray KD, Dudash K, Escobar C, Freel C, Harrison T, McMillan C, Puia-Dumitrescu M, Cotten 

CM, Benjamin R, Clark RH, Benjamin DK, Jr., Greenberg RG. Prevalence and safety of diazoxide in 
the neonatal intensive care unit. J Perinatol. 2018;38(11):1496-502. 

114. Demirel F, Unal S, Cetin, II, Esen I, Arasli A. Pulmonary hypertension and reopening of the 

ductus arteriosus in an infant treated with diazoxide. J Pediatr Endocrinol Metab. 2011;24(7-8):603-5. 

115. Timlin MR, Black AB, Delaney HM, Matos RI, Percival CS. Development of pulmonary 

hypertension during treatment with diazoxide: a case series and literature review. Pediatr Cardiol. 
2017;38(6):1247-50. 

116. Thornton P, Truong L, Reynolds C, Hamby T, Nedrelow J. Rate of serious adverse events 

associated with diazoxide treatment of patients with hyperinsulinism. Horm Res Paediatr. 
2019;91(1):25-32. 

117. Walsh O, Roberts LF, Okesene-Gafa K, Rogers JA, Harding JE. Experiences of Pacific 

parents of infants born at risk of neonatal hypoglycaemia in New Zealand. J Health Psychol. 
2025:13591053251331290. 

118. Ulyatt C, Roberts LF, Walsh O, Harding JE, Rogers J, Lin L. Infants born at risk of neonatal 

hypoglycaemia in Aotearoa New Zealand: Asian parents' experiences. J Health Psychol. 
2025:13591053251330087. 



31 
 

119. Rogers J, Kremer LJ, Harding J, Walsh O, Roberts L, Edmonds L. Experiences of whānau 

Māori with pēpi at risk of neonatal hypoglycaemia: A qualitative study. J Health Psychol. 
2025:13591053251330098. 

120. Purohit TJ, Laing D, McKinlay CJD, Alsweiler JM, Hanning SM. Development and clinical 

application of a stability-indicating chromatography technique for the quantification of diazoxide. 
Heliyon. 2023;9(9):e20101. 

121. Thornton PS, Stanley CA, De Leon DD, Harris D, Haymond MW, Hussain K, Levitsky LL, 

Murad MH, Rozance PJ, Simmons RA, Sperling MA, Weinstein DA, White NH, Wolfsdorf JI. 
Recommendations from the Pediatric Endocrine Society for evaluation and management of persistent 
hypoglycemia in neonates, infants, and children. J Pediatr. 2015;167(2):238-45. 

122. Woodward M, Dixon-Woods M, Randall W, Walker C, Hughes C, Blackwell S, Dewick L, Bahl 

R, Draycott T, Winter C, Ansari A, Powell A, Willars J, Brown IAF, Olsson A, Richards N, Leeding J, 
Hinton L, Burt J, Maistrello G, Davies C, van der Scheer JW. How to co-design a prototype of a 
clinical practice tool: a framework with practical guidance and a case study. BMJ Qual Saf. 
2024;33(4):258-70. 

123. Hategeka C, Ruton H, Karamouzian M, Lynd LD, Law MR. Use of interrupted time series 

methods in the evaluation of health system quality improvement interventions: a methodological 
systematic review. BMJ Glob Health. 2020;5(10):1-13. 

124. Faden RR, Kass NE, Goodman SN, Pronovost P, Tunis S, Beauchamp TL. An ethics 

framework for a learning health care system: a departure from traditional research ethics and clinical 
ethics. Hastings Cent Rep. 2013;Spec:S16-27. 

125. National Ethics Advisory Committee. National Ethical Standards for Health and Disability 

Research and Quality Improvement. Wellington: Ministry of Health; 2019. 

126. Edmonds LK, Sibanda N, Geller S, Cram F, Robson B, Filoche S, Storey F, Gibson-Helm M, 

Lawton B. He Tamariki Kokoti Tau: Tackling preterm incidence and outcomes of preterm births by 
ethnicity in Aotearoa New Zealand 2010-2014. Int J Gynaecol Obstet. 2021;155(2):239-46. 

127. Ratima M, Crengle S. Antenatal, labour, and delivery care for Māori: experiences, location 

within a lifecourse approach, and knowledge gaps. Pimatisiwin: A Journal of Aboriginal and 
Indigenous Community Health. 2013;10(3):353-66. 

128. Glover M, Manaena-Biddle H, Waldon J. Influences that affect Maori women breastfeeding. 

Breastfeed Rev. 2007;15(2):5-14. 

129. Glover M, Waldon J, Manaena-Biddle H, Holdaway M, Cunningham C. Barriers to best 

outcomes in breastfeeding for Māori: mothers' perceptions, whānau perceptions, and services. J Hum 
Lact. 2009;25(3):307-16. 

130. Manhire KM, Williams SM, Tipene-Leach D, Baddock SA, Abel S, Tangiora A, Jones R, 

Taylor BJ. Predictors of breastfeeding duration in a predominantly Māori population in New Zealand. 
BMC Pediatr. 2018;18(1):299. 

131. Adcock A, Cram F, Edmonds L, Lawton B. He Tamariki Kokoti Tau: Families of indigenous 

infants talk about their experiences of preterm birth and neonatal intensive care. Int J Environ Res 
Public Health. 2021;18(18). 



32 
 

Appendices 
Appendix 1: Screening and managment of infants at risk of 
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Appendix 2: Primary medical therapy for breastfeeding infants with 
transitional hypoglycaemia 
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Appendix 3: Rescue medical therapy for breastfeeding infants with 
transitional hypoglycaemia 
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Appendix 4: Protocol ammendements 
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Appendix 5: Staff training approach 
TBC 

Appendix 6: Staff survey 
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