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Abstract

Purpose of Review—Neonatal hypoglycemia is one of the most common biochemical

abnormalities encountered in the newborn. However, controversy remains surrounding its

definition and management especially in asymptomatic patients.

Recent Findings—New information has been published that describes the incidence and timing

of low glucose concentrations in the groups most at risk for asymptomatic neonatal hypoglycemia.

Furthermore, one large prospective study failed to find an association between repetitive low

glucose concentrations and poor neurodevelopmental outcomes in preterm infants. But

hypoglycemia due to hyperinsulinism, especially genetic causes, continued to be associated with

brain injury. New advances were made in the diagnosis and management of hyperinsulinism,

including acquired hyperinsulinism in small for gestational age infants and others. Continuous

glucose monitoring remains an attractive strategy for future research in this area.

Summary—The fundamental question of how best to manage asymptomatic newborns with low

glucose concentrations remains unanswered. Balancing the risks of over treating newborns with

low glucose concentrations who are undergoing a normal transition following birth against the

risks of under treating those in whom low glucose concentrations are pathological, dangerous,

and/or a harbinger of serious metabolic disease remains a challenge.
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Introduction

Low neonatal glucose concentrations can lead to serious neurologic injury. However, there

is no consensus definition or treatment strategy for neonatal hypoglycemia [1;2]. This

statement published by the AAP in 1993 remains accurate today [3], “… there is no

evidence that asymptomatic hypoglycemic infants will benefit from treatment.” However,

early identification, prevention, and treatment of hypoglycemia in patients with defects in

certain metabolic pathways or in the regulation of insulin secretion are important for long

term outcomes. This leads to the situation in which the risks of over treatment in babies who

are undergoing normal neonatal transition are balanced against the benefits gained by

aggressive treatment of patients with potentially dangerous hypoglycemia. New data to
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resolve this situation remain lacking. This review instead focuses on new information

regarding risk factors for hypoglcyemia, glucose measurement technology, acquired and

genetic causes of pathological hyperinsulinism and the management of these patients, and

neurologic outcomes in specific subsets of patients with hypoglycemia.

Risk Factors for Neonatal Hypoglycemia

In 2011 the AAP published a report on the management of hypoglycemia in late preterm

(34–36 5/7 weeks gestation), infants of diabetic mothers (IDM), and small or large for

gestation age infants (SGA and LGA, respectively). It did not recommend against screening

other at risk groups but instead focused on the most commonly encountered newborns with

asymptomatic hypoglycemia [4]. Shortly thereafter, a paper was published which

prospectively determined the incidence of hypoglycemia [blood glucose concentrations less

than 47 mg/dL] in these groups of patients (514 total patients) [5]**. The study design had

several advantages, including the use of bedside glucose oxidase technology for

measurement, as opposed to bedside glucometer technology. Furthermore, data were

collected as part of a prospective interventional trial for the treatment of hypoglycemia.

Therefore, the timing and method of collection were standardized. Although blood glucose

measurement could be discontinued after three normal concentrations, nearly 75% of

patients had measurements made through 48 hours.

51% of patients had a glucose less than 47 mg/dL and 19% had a glucose less than 36

mg/dL [5], confirming the decision of the AAP to focus on these patients. This incidence is

higher than other studies due to the higher numerical definition of hypoglcyemia [6–9]. 37%

of patients with a low glucose concentration had their first episode after three normal

measurements, and 6% had their first episode after 24 hours, indicating that hypoglycemia

may be a concern for longer than older studies have determined and that three normal

glucose concentrations do not ensure complete transition in these groups. Based on older

data the AAP recommendations treated the duration of screening differently depending on

which of the risk factors were present [6;10;11]. However, the Harris study found no

difference in the incidence, timing, or severity of low glucose concentrations between the

four groups. Unfortunately, this study could not provide evidence that any numerical cut-off

for hypoglycemia is more valid than any other number [5].

Other recent papers further refined risk factors in IDM and LGA patients. Infants born to

mothers with gestational diabetes mellitus (GDM) were more likely to be hypoglycemic if

they had lower umbilical cord venous pH, were LGA, had mothers who required insulin

during pregnancy, and had mothers who were hyperlycemic during labor [12]. These

findings are similar to those in a study of pregnancies complicated by either GDM or type 2

diabetes mellitus, in which low glucose concentrations were more frequent with LGA and

increased infant ponderal index and in pregnancies which required pharmacotherapy for

management of diabetes [13]. These risk factors may all be related to severity of maternal

diabetes. Another study found that a pre-pregnancy BMI greater than 25 kg/m2 in women

with GDM also predicted neonatal hypoglycemia independent of maternal glucose

concentrations [14], suggesting that factors other than glucose may be important [15]. Male

sex was found to be an independent predictor of neonatal hypoglycemia in pregnancies
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complicated by GDM [16], a finding which extends previous observations in other IDM

patients and was also confirmed in the a larger recent study [5;17]. Increased hypoglycemia

with increased birth weight was also found in LGA newborns whose mothers did not have

diabetes mellitus [18]. Another study showed that the presence of meconium stained

amniotic fluid is not an independent risk factor for low glucose concentrations in

asymptomatic term infants [19].

Differences in study design lead to variability in the measured incidence and make direct

comparisons between studies impossible. Most of these new papers are unlikely to change

clinical practice with the exception of the Harris paper. Simplifying screening protocols so

that they are the same for most at risk groups of infants seems quite justified. Furthermore,

some providers may wish to screen infants for a longer duration.

Technology to Measure Glucose Concentrations

The speed of traditional bedside glucometers is countered by their inaccuracies [20;21].

Because of inaccurate readings, low and borderline results should be confirmed in a central

laboratory, though treatment of hypoglycemia should not be delayed [2]. Another more

expensive strategy highlighted in the Harris paper that combines the accuracy of a laboratory

based enzymatic assay with the speed of point of care (POC) testing is the use of blood gas

analysers [5;21].

Continuous glucose monitoring sensors (CGMS) remain important to study. Validation of

CGMS in 188 very low birth weight (VLBW) infants was published [22]*, confirming that

CGMS is well tolerated in this population for up to a week [23]. CGMS data correlated well

with POC glucometers, though with a slight tendency to overestimate low glucose and

underestimate high glucose concentrations. It was slightly less accurate on the first day of

life, when glucose concentrations are fluctuating and there has been less time for calibration

against patient samples. Validation of the same device for less preterm newborns and term

newborns who were IDM, SGA, or LGA had been previously published [24]. The device

was more accurate in this study, though still less accurate on the first day of life than any

subsequent days. Importantly, the device was calibrated with, and validated against, blood

gas analyser glucose measurements. The importance of early and accurate calibration was

highlighted by a re-analysis of this data utilizing different algorithms [25]*. CGMS offers a

potential wealth of new information. But continuously obtained data presents a different set

of challenges than intermittently obtained data. CGMS identifies up to three times more

episodes of low glucose concentrations in neonates than intermittent blood glucose

measurements [26]. The significance of these episodes for long term morbidity or how these

episodes should be managed is unknown.

Causes of Neonatal Hypoglycemia

Recent studies have added to our understanding of the causes of hypoglycemia due to

hyperinsulinism. Identifying hyperinsulinism is critical as management may be more

aggressive because insulin inhibits the mobilization of alternative fuels for cerebral

metabolism [2].
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Acquired

Detailed clinical information on a group of 27 SGA newborns who presented with

hyperinsulinism and hypoglycemia was published [27]**. 19% of patients did not have

increased insulin concentrations. Inappropriately low β-hydroxybutyrate, a ketone body, and

free fatty acids in addition to clinical improvement with diazoxide confirmed the diagnosis

in these patients. Furthermore, there was no correlation between plasma insulin

concentrations and the maximum glucose infusion rate required to achieve normoglycemia.

These results support those of a previous study and were extended to a group of 90 neonates

who were not necessarily SGA, all showing that in addition to measuring plasma insulin

concentrations while hypoglycemic, one should measure ketone bodies and perhaps free

fatty acids to establish the diagnosis of hyperinsulinism [28;29]. Sequencing of the genes

encoding the KATP channel, KCNJ1 and ABCC8, did not identify any mutations in the SGA

patients [27].

Most of these infants responded to moderate doses of diazoxide, 5–10 mg/kg/day, though a

few needed 15–20 mg/kg/day. Approximately 20% were unable to stop diazoxide before six

months of age [27]. This prolonged course has been reported before [28;30]. Appropriate

glucose control on less than 5 mg/kg/day of diazoxide predicted successful transition off

medication in all cases [27]. The incidence of hyperinsulinism in SGA patients was not

determined in this study. But in an older prospective study nearly 40% of SGA newborns

were found to have low glucose concentrations. Half of these had hyperinsulinism [31].

Genetic

Genetic forms of congenital hyperinsulinism and metabolic defects associated with

hypoglycemia continue to be associated with the classic pattern of hypoglycemic brain

injury, bilateral parieto-occipital [32;33]. Furthermore, recurrent hypoglycemia in this

population leads to loss of neurogenic and neuroglycopenic signs as early as 12 weeks of

age highlighting management challenges [34]. Several new responsible mutations have been

identified, including mutations of two genes previously associated with hyperinsulinism,

ABCC8 and HNF4A [35;36], and one in a gene not previously associated with

hyperinsulinism, HNF1A [36]. Next generation DNA sequencing also identified new

mutations in the deep intronic regions of ABCC8 and HADH and may identify other novel

genetic defects [37]. Furthermore, inappropriate expression of the hexokinase gene, HK1, in

pancreatic β-cells may be responsible for some cases of hyperinsulinism [38;39].

Genotype-phenotype correlations were published for two large series of patients with

congenital hyperinsulinism [40;41]. Mutations could be identified in 79% [40] and 45% [41]

of patients, highlighting differences in populations studied. Despite these differences, more

genetic causes were identified in diazoxide-unresponsive cases than in diazoxide-responsive

cases. Similar to a previous study [42], identification of monoallelic recessive mutations in

the genes encoding the KATP channel predicted focal hyperinsulinism [40], though not

completely [41]. Furthermore, identification of mutations in the GLUD1, HADH, HNF4A,

HNF1A, and UCP2 genes were associated exclusively with diazoxide-responsive disease

whereas mutations in the GCK gene and recessive KATP mutations were almost all

diazoxide-unresponsive. Dominant KATP mutations could be either diazoxide-responsive or
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unresponsive [40;41]. However, phenotypic variability, even among siblings with the same

ABCC8 mutation, was highlighted in a recent case series [43]. A new genetic form of non-

hyperinsulinemic neonatal hypoglycemia was described in a patient with pyridoxine

dependent epilepsy and a novel mutation in the ALDH7A1 gene [44].

Management of Hyperinsulinism Associated Hypoglycemia

One group published their experience with diazoxide for treating hyperinsulinism. Initial

dosing was 5 mg/kg/day with co-administration of hydrochlorothiazide to prevent fluid

retention and potassium chloride. Of the 44 patients eight were non-responders, mostly

neonates. 40% had problems with fluid retention which resolved with dosing adjustment and

25% had transient GI side effects. All patients on diazoxide long term developed

hypertrichosis [45]*. Although reported in the literature [46;47], pulmonary hypertension

was not found [45]. Given its side effect profile and the subset of patients that are diazoxide-

unresponsive, other drugs are being evaluated for management of hyperinsulinism, such as

glucagon like peptide-1 receptor antagonists [48].

Hypertrophic cardiomyopathy [HCM] in newborns with congenital hyperinsulinism was

reported [49]*. The proposed pathophysiology leading to HCM in IDM patients is fetal

hyperinsulinism due to increased maternal and fetal glucose concentrations [50]. Elevated

fetal insulin concentrations in patients with congenital hyperinsulinism could also lead to

HCM. In a retrospective review of 68 infants, ten had HCM [49]. This may have been an

underestimate since only 25 patients had echocardiograms and asymptomatic HCM may be

under recognized [51]. Given that the management of congenital hyperinsulinism involves

increased fluid administration to provide glucose and medications with fluid retention

properties, routine echocardiogram and electrocardiogram may be indicated in these patients

[49].

Conventional imaging modalities are not adequate for diagnosing focal from diffuse forms

of congenital hyperinsulinism [52]. Therefore, functional pancreatic imaging plays an

important role in the management of these patients. Focal insulin secreting adenomas that

are amenable to local resection offer the promise of a complete cure without major concerns

of endocrine and exocrine pancreatic insufficiency. Pre-operative localization can help, with

genetic testing [40], differentiate focal from diffuse disease and facilitate intraoperative

identification of the affected tissue. One recently published systematic review demonstrated

the superiority of 18fluoro-L-DOPA (18F-DOPA) positron emission tomography (PET)

compared to other invasive interventional radiological procedures [53]. Two groups reported

high sensitivity and specificity for identification of focal hyperinsulinism by 18F-DOPA

PET imaging. 100% of the focal lesions on pre-operative imaging were confirmed surgically

to be in the predicted location [54;55].

The experience of one center with Roux-en-Y pancreaticojejunostomies in 23 patients for

focal disease deep in the head of the pancreas was reported. This procedure was performed

at a median age and size of eight weeks (as young as three weeks) and 5.8 kg [as small as

4.3 kg]. Median hospital stay was 22 days. One patient developed surgical complications

and two needed a subsequent operation for recurrent hypoglycemia [56].
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Outcome

Some preterm newborns have persistent abnormalities of glucose metabolism. At the time of

discharge (37–38 weeks), up to 18% (average gestational age at birth of 32 weeks) could not

maintain glucose concentrations > 47 mg/dL if they missed one feed and 6% had glucose

concentrations that fell and remained less than 40 mg/dL [11]. However, determining the

independent impact of hypoglycemia on long term outcomes is difficult in preterm infants.

A seminal observational study was published in 1988 showing that in 661 infants born with

a birth weight < 1850 gm the more often a patient had a glucose concentration less that 45

mg/dL the worse their development was at 18 months [57]. Differences in outcome were

less at 7–8 years [58].

A new study designed “to replicate the earlier study” included 566 patients who were born <

32 weeks gestation with prospectively measured glucose concentrations. Primary outcomes

were to correlate glucose concentrations with developmental and psychomotor assessments

at 2 and 15 years of age. No problems were found in patients that experienced repetitive

glucoses less than 45 mg/dL on at least four or five different days. Results were also

negative for newborns that had glucose concentrations < 36 mg/dL on at least three different

days. Because samples in this study were collected at pre specified times, rather than when

clinically indicated as in the earlier study, the chance of increased sampling of sicker

newborns biasing results towards an association between hypoglycemia and poor outcomes

was minimized. Despite the improved design, this paper does not definitively show that low

glucose concentrations are safe in this population, as the authors acknowledged [59]**.

Other studies, which were not specifically designed to prospectively test the impact of

hypoglycemia on outcomes, nevertheless continued to identify hypoglycemia as an

independent risk factor for brain injury and poor neurodevelopmental outcomes in

moderately preterm and term infants [60–62].

Conclusion

Management of neonatal hypoglycemia remains controversial due to inconsistent definitions

and a lack of high quality interventional trials [1;63]. No new studies addressed these

deficiencies. However, new studies have been published describing the incidence of low

glucose concentrations in the four most at risk group of asymptomatic neonates and showing

that repetitive low glucose concentrations are not associated with adverse long term

outcomes. But the serious consequences of hypoglycemia, especially due to

hyperinsulinism, have been confirmed and advances made in the diagnosis and management

of these patients. Finally, newer studies continue to demonstrate the promise of CGMS for

improving research and clinical care in this area.
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Key Points

• Management of neonatal hypoglycemia continues to be plagued by a lack of

data to resolve controversies around the definition, the glucose concentration at

which neurologic injury may be sustained, and the concentration at which

treatment should be initiated.

• Infants at risk for asymptomatic hypoglycemia [late preterm, infants of diabetic

mothers, small for gestational age, and large for gestational age] may have their

first low glucose concentrations after three normal measurements and even after

24 hours of age; and all four of these groups have a similar incidence of low

glucose concentrations.

• The diagnosis of hypoglycemia due to hyperinsulinism cannot be made by

solely measuring insulin concentrations at the time of a hypoglycemic episode,

serum ketone bodies and perhaps free fatty acids should be measured during the

episode as well.

• Given the increased amounts of fluid and medications with fluid retention

properties required to manage patients with congenital hyperinsulinism,

performing an echocardiogram to identify hypertrophic cardiomyopathy should

be considered in these patients.

• While outcomes of patients with genetic causes of hypoglycemia due to

hyperinsulinism remain concerning, a recent study did not confirm a previously

identified association between repetitive low glucose concentrations and poor

neurodevelopmental outcomes in a large group of preterm newborns.
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