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evidence for a safe management

Marcia Roeper †, Henrike Hoermann †, Sebastian Kummer ‡

and Thomas Meissner*‡

Department of General Pediatrics, Neonatology and Pediatric Cardiology, Medical Faculty, University
Hospital Düsseldorf, Heinrich-Heine-University, Düsseldorf, Germany
Neonatal hypoglycemia affects up to 15% of all newborns. Despite the high

prevalence there is no uniform definition of neonatal hypoglycemia, and

existing guidelines differ significantly in terms of when and whom to screen

for hypoglycemia, and where to set interventional thresholds and treatment

goals. In this review, we discuss the difficulties to define hypoglycemia in

neonates. Existing knowledge on different strategies to approach this problem

will be reviewed with a focus on long-term neurodevelopmental outcome

studies and results of interventional trials. Furthermore, we compare existing

guidelines on the screening and management of neonatal hypoglycemia. We

summarize that evidence-based knowledge about whom to screen, how to

screen, and how to manage neonatal hypoglycemia is limited – particularly

regarding operational thresholds (single values at which to intervene) and

treatment goals (what blood glucose to aim for) to reliably prevent

neurodevelopmental sequelae. These research gaps need to be addressed in

future studies, systematically comparing different management strategies

to progress ive ly opt imize the ba lance between prevent ion of

neurodevelopmental sequelae and the burden of diagnostic or therapeutic

procedures. Unfortunately, such studies are exceptionally challenging because

they require large numbers of participants to be followed for years, as mild but

relevant neurological consequences may not become apparent until mid-

childhood or even later. Until there is clear, reproducible evidence on what

blood glucose levels may be tolerated without negative impact, the operational

threshold needs to include some safety margin to prevent potential long-term

neurocognitive impairment from outweighing the short-term burden of

hypoglycemia prevention during neonatal period.

KEYWORDS

neonatal hypoglycemia, brain damage, treatment threshold, at-risk neonates,
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Abbreviations: AGA, Appropriate for gestational age; CI, 95% confidence interval; LGA, Large for

gestational age; OR, Odds ratio; RR, Risk ratio; SDS, Standard Deviation Score; SGA, Small for gestational age.
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Introduction: neonatal glycemia –
what is normal?

For a variety of reasons, the definition of “hypoglycemia” in

newborns is more difficult than in adults. In adults, low blood

glucose is considered “hypoglycemia” if blood glucose is sufficiently

low to cause adrenergic or neuroglycopenic symptoms. Further

evaluation or treatment of low glucose values is only recommended

if the so-called Whipple’s triad is fulfilled (1, 2): 1) the development

of autonomic or neuroglycopenic symptoms, 2) a low blood glucose

level, and 3), prompt relief of symptoms when blood glucose has

risen. As numeric definition, e.g. for clinical studies, a “low glucose”

concentration <3.0 mmol/l (<54 mg/dl) was considered a clinically

significant hypoglycemia as this is in a range where autonomic and/

or neuroglycopenic symptoms are known to occur, however with

high intra- and interindividual variability (3).

In newborns, a definition including clinical signs as hallmark

cannot be applied, as they are neither specific nor sensitive at this

stage of life, even at very low blood glucose levels (4). In addition,

there is a physiological, transient drop of blood glucose levels during

the first hours and days of life, complicating numeric definitions.

Furthermore, the management of blood glucose in the neonatal

period does not only need to consider what is “normal”, but also

what is safe – particularly in terms of adverse neurodevelopmental

outcomes, which is still a controversial issue (5–7).
Definition of neonatal hypoglycemia -
statistical approach

Quantitative laboratory parameters are usually assessed using

population-based reference data, assuming a condition can be

considered pathologic if its occurrence is statistically rare, e.g.,

outside of two standard deviations (~ <2.5th or >97.5th

percentile), or <5th/>95th percentile. From an evolutionary

perspective, harmful conditions can be expected to occur rather

rarely because an adaptation to the environment has taken place.

With respect to neonatal hypoglycemia, an epidemiological

approach means that we assume that the postnatal metabolism

with respect to neonatal hypoglycemia evolved such that under

normal circumstances, only a small number of newborns should

exhibit relevant hypoglycemic damage. It may be doubted that this

perspective is true for neonatal hypoglycemia, as providing all

newborns with the best possible care and thus enabling them to

develop as optimally as possible may require different threshold

values than a plain statistical definition can offer.

The situation is further complicated by the fact that not only the

individual low blood glucose value is important, but also the

duration of an episode with low values is relevant for an

insufficient energy supply, which affects the newborn and may

lead to brain damage. Additionally, repeated episodes of low

blood glucose levels, leading to a depletion of the low energy

stores in the brain are also not captured by a statistical approach

of defining a single glucose value as clinically relevant

hypoglycemia. Thus, the pathologic relevance or potential for

harm is therefore likely to be a continuum and not dichotomous,
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with mild hypoglycemia having limited or no impact and the risk of

adverse consequences gradually increasing with the severity and

duration of hypoglycemia (8, 9). Finally, it remains unclear whether

a normal range for healthy-term newborns can be extrapolated to

newborns at-risk.

A statistical definition must take into account that postnatal

blood glucose levels are crucially dependent on postnatal food

intake (10, 11). Therefore, reference levels also depend on

breastfeeding habits, and the availability of breast/formula milk.

Ideally, only studies that followed reasonable postnatal

breastfeeding or formula feeding practices in the first hours of life

should be considered as reference data, as these are more reflective

of how blood glucose should be with adequate postnatal feeding.

For healthy term newborns, there are different data on the

course of glucose concentrations during the first days of life.

Srinivasan et al. published the blood glucose concentrations of

344 healthy full term appropriate for gestational age (AGA) infants.

The lower estimate for the 95% confidence interval (CI) was 1.4

mmol/l (26 mg/dl) at one hour of life, increasing to 2.3 mmol/l (42

mg/dl) at two hours. Already at 3 hours of age, glucose

concentration was significantly higher than at 1 hour of age, even

without initiating of feeding. The authors concluded that glucose

levels <1.9 mmol/l (<35 mg/dl) should be of concern in the first 3

hours of life, <2.2 mmol/l (<40 mg/dl) from 3-24 hours of life, and

<2.5 mmol/l (<45 mg/dl) subsequently (12).

In contrast, a study from India found no significant variation in

the blood glucose concentration between 3 and 72 hours of life in

200 healthy term neonates. Low glucose concentration was defined

as <2.2 mmol/l (<40 mg/dl) for the first 24 hours of life and <2.5

mmol/l (<45 mg/dl) at 24-72 hours of life. Of note, the average birth

weight of the cohort was only 2650 g, which is significantly lower

than the average birth weight of infants of European decent, and all

infants were exclusively and frequently breastfed at intervals of 1.5

to 2 hour from 6 hours of life. No differences in glucose

concentration were observed with respect to time since last

breastfeeding with this regimen. In 27 of 800 measurements,

glucose concentrations were below 1.6 mmol/l (29 mg/dl) but

higher than 1.3 mmol/l (23 mg/dl). Only one measurement

revealed a level <1.3 mmol/l (<23mg/dl), and all infants were

asymptomatic and attained “euglycemic levels” after feeding. Of

note, low glucose levels <1.6 mmol/l (<29 mg/dl) were noted

primarily around the 3rd hour of life but also after 72 hours of

life, and a low glucose at 3 hours increased the risk for low glucose at

72 hours (risk ratio (RR) 6.55 [95% CI 3.93 – 10.92], p < 0.00001)

(13). Alkalay et al. pooled the data of six selected studies and defined

thresholds of low blood glucose corresponding to the 5th percentile

for different time intervals based on 723 term newborns. The lower

estimated <5th percentiles were <1.6 mmol/l (<28 mg/dl) (1-2h);

<2.2 mmol/l (<40 mg/dl) (3-23h); <2.3 mmol/l (<41 mg/dl) (24-

47h); <2.7 mmol/l (<48 mg/dl) (>48h), and were considered

pragmatic operational thresholds, values at which a reaction is

recommended (14). The concept of operational thresholds is

discussed below.

In a recent study, Harris et al. examined longitudinal neonatal

glucose concentrations in 67 healthy, term-born, AGA singletons in

New Zealand by continuous glucose monitoring and repeated heel-
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prick blood glucose measurements from birth to 120 hours. Most of

the infants were exclusively breast-fed. They noted an increase in

mean glucose concentration during the first 18 hours, followed by a

second phase in which glucose levels remained stable in the same

range up to 48 hours, followed by an increase to a new plateau by

the fourth day. Blood glucose concentrations of 2.6 mmol/l (47 mg/

dl), often used as a threshold, corresponded approximately to the

10th percentile in the first 48 hours. Of the neonates for whom

complete interstitial glucose data were available, 73% had at least

one episode below this threshold, most within the first 12 hours.

Using an interstitial glucose concentration threshold of <2.0 mmol/l

(<36 mg/dl), approximately 25% of neonates were found to be

below this level at least for one episode. Most of these lower

interstitial or blood glucose concentrations occurred within the

first 12 hours. There were no episodes of blood glucose

concentrations of <1.5 mmol/L (<27 mg/dl) and only two

episodes below this cut-off documented by continuous interstitial

glucose measurements (15).

From this, despite all limitations as influence of ethnic

background, feeding habits, glucose measurement intervals or

definition of a “normal” percentile, it can be deduced that single

measurements or short episodes of glucose concentrations less than

2.0 mmol/l (36 mg/dl) are “normal” using the statistical approach,

while glucose concentrations of <1.3 – 1.5 mmol/l (<23 – 27 mg/dl)

should be interpreted as unusual for healthy term newborns”.
Approach to define hypoglycemia based
on short-term physiological consequences
of hypoglycemia (endocrine/metabolic
responses, signs/symptoms)

This approach assumes that a low blood glucose should be

primarily considered unphysiological if it leads to certain

endocrine, metabolic, or neurological consequences/symptoms.

Systematic data on counterregulatory mechanisms in neonates

are scarce. Stanley et al. found low ketones despite elevated

concentrations of fatty acid precursors, indicating limited ketone

synthesis capacity in 44 healthy term AGA infants at the end of an

eight-hour postnatal fast. Glucose precursors were two to three

times higher than those found after the neonatal period, indicating

immature gluconeogenesis capacity (9). Similar results were

obtained by Harris et al. who found low ketone body

concentrations but high lactate values in newborns at low glucose

levels (16). However, an alternative hypothesis is that in the fasting

situation or low glucose state, the neonatal brain consumes both

glucose from gluconeogenesis and ketones to such a high degree

that distinct different metabolite concentrations are found than in

older fasting children, so capacity of ketogenesis and

gluconeogenesis might be underestimated by levels of circulating

ketones/glucose. During insufficient glucose supply of the brain, the

glycogen of the astrocytes is presumably used to supply the

neurons, being first converted into lactate, then transported to

the neurons to maintain the neuronal function (17). In addition,

blood lactate and ketones are taken up by neurons through

monocarboxylate transporters (17).
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In summary, the energy supply of neurons can be substituted at

least in part by other metabolites than glucose. However, the

approach of evaluating these metabolic or endocrinological

parameters is also not useful in determining at which blood

glucose levels hypoglycemia can be defined or brain damage

is imminent.

Outcomes of symptomatic hypoglycemia in newborns have

been shown to be worse than asymptomatic hypoglycemia (18,

19). However, we have recently shown that clinical signs are

unspecific and not sensitive enough to reliably detect neonatal

hypoglycemia based on clinical observation. We found a large

interobserver differences, and even in the presence of profound

hypoglycemia, the sensitivity to detect hypoglycemia based on

clinical signs was rather low (4). Furthermore, severe

hypoglycemia may present as apathy or coma, which are difficult

to distinguish from deep sleep.
Approach to define hypoglycemia based
on neurological function or long-term
neurological outcome

This approach attempts to find a threshold that allows

undisturbed neurological function and development. Values

a s soc i a t ed wi th impa i r ed neuro log i ca l f unc t ion or

neurodevelopment would then be defined as “hypoglycemia”.

In 1988, Koh et al. measured sensory evoked potentials as a

noninvasive indicator of brain function in relation to blood glucose

concentration in 17 children, 5 of whom were newborns. The lowest

blood glucose concentration associated with normal neural function

in the newborns ranged from 1.9 to 4.2 mmol/l (34 - 76 mg/dl). The

blood glucose concentration immediately before the first abnormal

evoked potential ranged from 0.7 to 2.5 mmol/l (13 - 45 mg/dl) in

these five newborns. The authors suggested that “the blood glucose

concentration should be maintained above 2.6 mmol/l (47 mg/dl) to

ensure normal neural function in children irrespective of the

presence or absence of abnormal clinical signs” (20). As such low

proband numbers warrant cautious interpretation, it does not seem

appropriate that this study is repeatedly used to justify a

hypoglycemia threshold of 2.6 mmol/l (47 mg/dl).

Neuroimaging studies have identified structural cerebral injury

associated with severe, recurrent or symptomatic neonatal

hypoglycemia, including white matter lesions preferentially in the

parieto-occipital lobes, cortical atrophy, changes in the deep grey

matter structures of the basal ganglia and thalamus, periventricular

lesions, parenchymal hemorrhage, and ischemic strokes (21–30).

Recent studies have associated also mild neonatal hypoglycemia <2.6

mmol/l (<47 mg/dl) in otherwise healthy children with a reduced size

of deep grey matter brain regions and thinner occipital lobe cortex at

the age of 9-10 years, but no differences regarding white matter

microstructure were found. Therefore, the authors concluded that

deep grey matter regions may be especially vulnerable to the long-

term effects of mild neonatal hypoglycemia (31).

Clinical manifestations of hypoglycemic brain injury include

cerebral palsy, epilepsy, neurodevelopmental delay and intellectual

disability, microcephaly, visual impairment, and hearing deficits
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(32). In hypoglycemic disorders such as congenital hyperinsulinism

the reported incidence of brain injury due to severe and recurrent

hypoglycemia is still as high as 50% (32–36).

While there is no doubt that severe hypoglycemia of any

etiology can lead to brain injury, the effects of mild and transitory

neonatal hypoglycemia remain unclear.

Adverse clinical outcome after transitory neonatal hypoglycemia

was first described 1988 in a larger study of 661 preterm infants with

birth weights <1850 g, reporting that blood glucose concentrations

<2.6 mmol/l (<47 mg/dl) for five or more days, even if asymptomatic,

were associated with serious neurodevelopmental impairment at a

corrected age of 18 months (37). Even though this study had

limitations, such as including only preterm infants with e.g.,

immature counterregulatory response to hypoglycemia, the aim to

develop a definition of neonatal hypoglycemia became more urgent.

As a consequence of the study, a threshold of 2.6 mmol/l (47 mg/dl)

has since been considered a target for the treatment of neonatal

hypoglycemia by many neonatologists. However, since 1988, several

other studies have examined the neurodevelopmental outcome after

neonatal hypoglycemia with contradictory results. In 2019, Shah et al.

evaluated nine cohort studies involving 4,041 infants with a

gestational age >32 weeks in a systematic review. They concluded

that there was low-quality evidence that neonatal hypoglycemia <2.6

mmol/l (<47 mg/dl) was associated with a two- to threefold increased

risk of visual-motor impairment and executive dysfunction in early

childhood (2–5 years), and a twofold increased risk of literacy and

numeracy problems in later childhood (6–11 years). Evidence for an

increased risk of general cognitive impairment was rated as very low-

quality, and no data was found on the outcome in adolescence with

prior neonatal hypoglycemia (38).

One study included in the review was the ‘Children With

Hypoglycemia and Their Later Development (CHYLD) Study’, a

long i tudina l prospec t ive cohort s tudy inves t iga t ing

neurodevelopmental outcomes in moderate to late preterm and term

infants born at risk of hypoglycemia and treated to maintain blood

glucose concentrations above 2.6 mmol/l (47 mg/dl). While this study

found no association between neonatal hypoglycemia <2.6 mmol/l

(<47 mg/dl) and an adverse neurological outcome at two years of age

(39), neonatal hypoglycemia was correlated with an increased risk of

poor executive function (RR 2.32 [95% confidence interval (CI) 1.17 -

4.59] and poor visual motor function (RR 3.67 [95% CI 1.15 - 11.69] at

the age of 4.5 years (40). At 9-10 years, there was no significant

difference between children with and without neonatal hypoglycemia

regarding the incidence of lower educational achievement (47% vs.

48%; adjusted risk difference −2% [95% CI, −11% to 8%]; adjusted RR

0.95 [95% CI, 0.78 to 1.15]) and other secondary endpoints. However,

the reported incidence of low performance overall, including

educational achievement, fine-motor and visual-motor functions,

emotional behavior regulation and executive function, were

concerningly high in both groups and over twice as high as rates

expected by the investigators. They concluded that the underlying risk

factors for neonatal hypoglycemia and the socioeconomic status rather

than hypoglycemia itself may play a greater role in the

neurodevelopmental outcome than previously assumed (41). Two

other recent studies also did not find any relevant adverse outcome

associated with neonatal hypoglycemia if treated to maintain blood
Frontiers in Endocrinology 04
glucose concentrations above a certain threshold: In a Danish study,

neonatal hypoglycemia <1.7 mmol/l (<30 mg/dl), treated to maintain

blood glucose concentrations above 2.5 mmol/l (45 mg/dl), was solely

associated with lower fine-motor function in boys (b = - 16.4, p =

0.048) compared to healthy siblings at age 6-9 years. The authors did

not find any association between neonatal hypoglycemia and cognitive

function, general motor function or behavior. However, the full-scale

IQ was 3.2 points lower in the case group compared to the normative

population and a major limitation was the low number of sibling

controls (n=32) (42).

The HypoEXIT (Hypoglycemia–Expectant Monitoring versus

Intensive Treatment) trial was a multicenter, randomized, controlled

trial, analyzing noninferiority of a lower treatment threshold strategy

(<2.0 mmol/l; <36 mg/dl) to the traditional threshold strategy (<2.6

mmol/l; <47 mg/dl). The operational threshold was defined based on

two treatment arms: The intensive treatment arm aimed to rapidly

achieve blood glucose concentrations >2.6 mmol/l (>47 mg/dl) by

increasing the carbohydrate intake by enteral or intravenous glucose

supply. In the expectant glucose monitoring arm, oral nutrition was

given aiming at glucose concentrations always >2.0 mmol/l (>36 mg/

dl). A glucose concentration below this resulted in intensive treatment.

If the first low glucose concentration was <2.0 mmol/l (<36 mg/dl), the

infant was excluded from the study and received intensive treatment.

Developmental testing using the Bayley Scales of Infant and

Toddler Development in 582 children at the age of 18 months did

not cross the prespecified noninferiority limit of −7.5 Bayley-test

points for the lower threshold group. However, recurrent or severe

hypoglycemia was associated with a worse neurological outcome at

follow-up. A limitation of the study is certainly that neonates with

initial severe hypoglycemia <2.0 mmol/l (<36 mg/dl) were excluded,

the very patients most vulnerable to suffer consequences of

hypoglycemia. Furthermore, despite the different intervention

thresholds, the mean glucose values during the first two days

were quite similar in the two comparative groups (3.2 vs. 3.4

mmol/l; 57 mg/dl vs. 61 mg/dl; mean difference -4.4 [-5.6 to -3.1]

(43). Another important limitation is that the patients were quite

young at neurodevelopmental follow-up and the long-term data on

neurological outcome are not yet available.

Despite these data indicating non-inferior outcome of neonates

who suffered neonatal hypoglycemia between 2.0 - 2.6 mmol/l (36 -

47 mg/dl), there are contradicting data. Kaiser et al. matched

perinatal data from 1395 children, who had received a universal

glucose screening after birth, to their Arkansas Department of

Education’s fourth-grade achievement test scores. Three cut-offs for

hypoglycemia were used (<1.9, <2.2, and <2.5 mmol/l; <35, <40, and

<45 mg/dl) and data were controlled for covariables. Even one single

hypoglycemic episode <2.5 mmol/l (<45 mg/dl) was associated with

decreased school proficiency in literacy (odds ratio (OR) 0.62 [95%CI

0.45 - 0.85] and episodes < 2.2 mmol/l (<40 mg/dl) were associated

with decreased proficiency in mathematics (OR 0.51 [95% CI 0.34 –

0.78] at the age of 10 years (44).

In a retrospective population-based study published in 2018,

register data of all 101,060 healthy singletons born in two Swedish

counties over a period of 4.5 years were screened using

International Classification of Diseases 10 (ICD-10) codes, linking

a diagnosis of transitory hypoglycemia <2.2 mmol/l (<40 mg/dl) to
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prespecified neurologic or developmental diagnoses. The OR of any

adverse neurological or neurodevelopmental outcome was 1.48

[95% CI 1.17 - 1.88] in hypoglycemic compared to euglycemic

newborns. Furthermore, those with a history of neonatal

hypoglycemia had an almost doubled risk of motor delay (OR

1.91 [95% Cl 1.06 - 3.44] and a tripled risk of cognitive

developmental delay (OR 3.17 [95% 1.35 - 7.43] (45). In

summary, there is also insufficient evidence and too much

controversy to define neonatal hypoglycemia based on

neurodevelopmental outcome alone. The most valid data available

at this time are from the CHYLD study (39–41) as well as the

HypoEXIT trial (43), but further studies are needed.
How to integrate different approaches
to define hypoglycemia - the
operational threshold

Thirty-five years after the publication by Lucas et al. (37),

there are still no data available that define how low a glucose

concentration must be, respectively how long it must persist at

which level to cause brain injury in neonates. Thus, the concept of

an “operational threshold” was proposed by Cornblath et al. (46).

Operational thresholds should be single blood glucose

concentrations at which therapeutic interventions are

recommended, to prevent at least those blood glucose

concentrations that have a clinically relevant probability of

causing harm. As such, it will always imply some degree of

over- and undertreatment, which needs to be balanced, and

does not necessarily follow strict statistical evidence. An

operational threshold may be different from a “treatment

target”, that might be higher and both values may imply some

safety margin to reliably prevent blood glucose concentration at

which “organ damage is known to occur” (47). Furthermore, the

interventional threshold does not need be based on blood glucose

levels alone but may also be a composite of blood glucose levels,

clinical signs, risk factors for hypoglycemia, presence of

symptoms, fasting or satiety state, presumed neurological

consequences etc., all of which contribute to therapeutic/

interventional decisions. The following section outlines how the

approach and handling of different operational thresholds varies

in guidelines. These operational thresholds need to be further

evaluated in future studies to provide evidence for the

recommended interventions so that they are not based solely on

expert opinion but rather on research data.
Practical application of the
operational threshold: existing
guidelines for detection and
management of neonatal
hypoglycemia

In 1988, Koh et al. found that there was no uniform definition of

neonatal hypoglycemia among established pediatric textbooks and
Frontiers in Endocrinology 05
or neonatologists in the UK, ranging from a glucose concentration

of <1 to <4 mmol/l (<18 to <72 mg/dl). He concluded that this

certainly lead to confusion among junior medical and nursing staff

and inconsistency in the management of neonatal glycemia (48). In

2019, there continued to be large differences in knowledge about

prevention, screening and management of neonatal hypoglycemia

among midwives and nurses in Germany (49). Until today, there is

still no uniform international guideline for detection and

management of neonatal hypoglycemia, however, national

guidelines exist in several countries. While some even have

multiple guidelines, as for example Australia (50–52), other

countries such as Germany do not have a general guideline for

neonatal hypoglycemia, but only one for the management of

children of diabetic mothers (53). Most guidelines admit that they

are based on poor evidence and that there is no consensus on the

definition of hypoglycemia and operational thresholds (5, 50, 51,

54–60). UNICEF (United Kingdom) has published a document

called “Guidance on the development of policies and guidelines for

the prevention and management of hypoglycaemia of the newborn”

(61). showing that the topic is highly relevant and some of the

existing guidelines refer to this publication as well (54, 56, 60, 62).

An exemplary list of published guidelines showing the varying

recommendations on who should be screened, when the first blood

glucose should be measured, how hypoglycemia is defined, etc. is

shown in Table 1. The comparability of glucose values is

complicated by the fact that some guidelines refer to blood

glucose and others to plasma glucose. For unification, we refer to

blood glucose in this manuscript.
Existing guidelines: preventive measures

While most guidelines place a clear focus on preventive

measures to avoid hypoglycemia, there are also guidelines that do

not address this (5). The majority however recommend initiating

breastfeeding/feeding as early as possible (51, 52, 54–60, 62, 63). In

addition, some emphasize that mothers should receive adequate

guidance and support for breastfeeding and breastfeeding/feeding

should be assessed regularly (51, 54, 55, 60, 62). Some guidelines

recommend keeping intervals between feedings below three hours

(51, 52, 54, 55, 57, 58, 60, 62) while others recommend

breastfeeding ad libitum as long as no relevant hypoglycemia

occurs (56, 59). Supplemental feeding with formular milk is

recommended by Wackernagel et al. for a subgroup of infants in

risk (e.g. preterm infants 35 + 0-3 + 6 weeks of gestation, small for

gestational age (SGA), large for gestational age (LGA) with maternal

diabetes, maternal diabetes not controlled by diet and sick infants in

the NICU) and they recommend to use cup feeding or tube feeding

instead of bottle feeding if possible (55). The Swiss Society of

Neonatology Guideline also recommends offering formula milk

immediately after breastfeeding until the mother has enough

breast milk to sufficiently feed the neonate, and a prophylactic

dose of buccal dextrose gel at one hour after birth (57). Oral

dextrose gel (40%) might reduce the need for intravenous fluids

in at-risk neonates and decrease NICU admissions with

asymptomatic hypoglycemia (64–66), depending on the
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TABLE 1 Comparison of international guidelines for screening and management of neonatal hypoglycemia.

tart of i.v. glucose Further
measures
included

End of BG
screening

27 mg/dl (<1.5 mmol/l)
r symptomatic

Buccal glucose gel
40%
Glucagon i.v. (also
continuously)

BG ≥47 mg/dl (≥2.6
mmol/l) for 24 h in 1st

48 h or ≥60 mg/dl
(≥3.3) after 48 h

31 mg/dl (<1.7 mmol/l)
1-45 mg/dl (1.7-2.5
mol/l): Feeding or i.v.
extrose 10%

Buccal dextrose
gel
Glucagon

If feeding well,
monitor at least for 12
h. Any recorded
hypoglycemia,
monitor glucose for at
least 12 h after last
low level

f BG is repeatedly <45
g/dl (<2.5 mmol/l)
espite feedings
f the neonate is unable
o suck or feedings are
ot tolerated, avoid
orced feedings and begin
V therapy
nfants with abnormal
linical signs, or infants
ith BG levels <20-
5mg/d (<1.1-1.4 mmol/
)

Buccal dextrose
gel

Monitoring should
continue until
acceptable pre-
prandial levels are
consistently obtained
(until the infant has
had at least 3
satisfactory BG). A
reasonable (although
arbitrary) goal is to
maintain BG
concentrations ≥45
mg/dl (≥2.5 mmol/l).
If energy intake falls,
glucose monitoring
should be
recommenced.
Late preterm and SGA
infants and babies
who have clinical
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Screening recommended Time of first
BG

Hypoglycemia
threshold
<48/72 h of

life

Management
based on

asymptomatic/
symptomatic?

Neonatal risk factors Maternal risk
factors

Hypoglycemia
-newborn,
Maternity and
Neonatal Clinical
Guideline
(06/2022,
Queensland,
Australia) (51)

- Preterm infants (GA <37 weeks)
- Postmature infants (GA >42 weeks)
- SGA (<10th centile) or BW <2500 g
- LGA (>90th centile) or macrosomia
- Hypothermia: <36.5 °C or labile
- Inadequate feeding
- Resuscitation at birth
- Polycythemia
- Meconium aspiration syndrome
- Suspected syndromes
- Symptomatic

- Infants of mothers
with diabetes
- Maternal beta-blockers,
dexamethasone, oral
hypoglycemics
- Family history of
metabolic and/or
endocrine disorders

Before the 2nd feed
(not longer than 3
h of age)

<48 h: <47 mg/dl
(<2.6 mmol/l)

Yes

Child Women &
Family Services
Special Care Baby
Unit,
Waitemata District
Health Board
(07/2021, New
Zealand) (62)

- Preterm infants (GA <37 weeks)
- BW <2.5 kg or SGA (BW <10th

centile)
- BW >4.5 kg
- Hypothermia
- Apgar score <7 at 5 minutes
- Neonates with hemolytic disease
- Neonatal syndromes (e.g., BWS)
- All infants with clinical signs
- In SCBU, at least daily BG testing on
all infants on i.v. fluids

- Diabetes in pregnancy
- Maternal drug
treatment (e.g.,
Propranolol, Prozac
(Fluoxetine), illicit drug
abuse)

At 1-2 h of age <47 mg/dl
(<2.6 mmol/l)
(time range not
defined)

No

BM Clinical
Protocol #1:
Guidelines for
Glucose Monitoring
and Treatment of
Hypoglycemia in
Term
and Late Preterm
Neonates (04/2021,
U.S.) (56)

- Preterm infants (GA <35 weeks or
late preterm infants with clinical signs
or extremely poor feeding)
- IUGR or marked wasting
- BW <2.500 g or SGA <10th centile
for weight
- Clinically evident wasting of fat +
muscle bulk
- LGA (>90th centile & macrosomic
appearance)
- Discordant twin; weight 10% <larger
twin
- Perinatal stress; severe acidosis or
hypoxia–ischemia
- Cold stress
- Polycythemia
- Erythroblastosis fetalis
- BWS

- Maternal diabetes or
abnormal result of glucose
tolerance test, especially if
poorly controlled
- Pre-eclampsia and
pregnancy induced, or
essential hypertension
- Previous macrocosmic
infants (as a proxy for
undiagnosed diabetes in
pregnancy)
- Substance abuse
- Treatment with beta-
agonist tocolytic
- Treatment with oral
hypoglycemic agents
- Late antepartum or
intrapartum
administration of i.v.
glucose

Infants with
suspected
significant
hyperinsulinemia
(e.g., poorly
controlled
maternal diabetes
or known genetic
hyperinsulinemia:
within 60 min
after birth.
Other risk groups:
Before the 2nd

feed, or 2-4 h after
birth

<45 mg/dl (<2.5
mmol/l)
(time range not
defined)

Yes
S

<
o

<
3
m
d

I
m
d
I
t
n
f
I
I
c
w
2
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TABLE 1 Continued

agement
sed on
ptomatic/
tomatic?

Start of i.v. glucose Further
measures
included

End of BG
screening

features of intrauterine
growth restriction
should be monitored
(with decreasing
frequency) for 24 h

<27 mg/dl (1.5 mmol/l)
or if BG remains between
27-45 mg/dl (1.5-2.5
mmol/l) despite
increased feeds

Glucagon i.m. If 2 consecutive BG
are ≥47 mg/dl
(≥2.6mmol/l)

Not described in detail ➔
only contact neonatal
unit

Dextrose gel 40% If 3 consecutive BG
are normal, further
blood tests may be
discontinued

t only for
symptoms
es, critically
etc.)

<27 mg/dl (<1.5 mmol/l)
<47 mg/dl (<2.6 mmol/l)
with other major illness
(e.g., seizures, critically
unwell baby,
severe respiratory
distress, suspected
infection with clinical
instability or heart
problem with cyanosis/
poor perfusion or
asphyxia with advanced
resuscitation)

Buccal glucose gel
Glucagon bolus
i.m.

After 4 h if BG >36
mg/dl (>2.0 mmol/l)
at both 1 and 4 h

(Continued)
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Screening recommended Time of first
BG

Hypoglycemia
threshold
<48/72 h of

life

Man
ba

asym
symp

Neonatal risk factors Maternal risk
factors

- Microphallus or midline defect
(indicating an underlying endocrine
condition)
- Suspected infection
- Respiratory distress
- Known or suspected inborn errors of
metabolism or endocrine disorders
- Any infant admitted to the NICU
- Clinical signs of hypoglycemia

Guideline
Hypoglycemia
(02/2021, Western
Australia) (52)

- Preterm infants (GA <37 weeks)
- SGA (<10th centile)
- LGA (>97th centile or >4.5 kg)
- Beta-blockers in the 3rd trimester

- Maternal diabetes
- Antenatal
corticosteroids >34
weeks gestation

Before the 2nd feed
(3-4 h of age)

<47 mg/dl
(<2.6 mmol/l)
(time range not
defined)

Yes

Prevention and
treatment of
hypoglycemia in
neonates with a
gestational
age from 35 0/7
weeks in maternity
wards (09/2020,
Switzerland) (57)

- Preterm infants (GA<37 0/7 weeks)
- BW <2500 g or <3rd centile
- BW >4500 g or >97th centile
- Hypothermia <36.5°C
- Sick newborn infants (e.g., asphyxia,
sepsis, respiratory distress, hemolysis)
- Symptomatic

- Maternal diabetes
(including both, women
treated only with dietary
intervention and those
receiving insulin)

Before the 2nd feed
(age 3-4 h)

<47 mg/dl
(<2.6 mmol/l)
(time range not
defined)

No

South Australian
Perinatal Practice
Guideline, Neonatal
Hypoglycemia (09/
2020, South
Australia) (50)

- Preterm infants (GA ≥32 weeks)
- BW <10th centile
- BW >97th centile
- Transient tachypnea of the newborn
- Hypothermia <36.0°C
- Suspected asphyxia requiring IPPV
or APGAR <6 at 5 min or pH <7.1

- Maternal diabetes
- Maternal beta-blockers
or valproate

At 1 h of age 1-4 h: ≤36 mg/dl
(≤2.0 mmol/l)
5-48 h: <47 mg/dl
(<2.6 mmol/l)

Yes, bu
severe
(seizur
unwell
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TABLE 1 Continued

ment
on
matic/
atic?

Start of i.v. glucose Further
measures
included

End of BG
screening

Not described in detail
only when to contact the
neonatal unit

Dextrose gel One BG <47 mg/dl
(<2.6 mmol/l):
Until 3 consecutive
BG are ≥47 mg/dl
(≥2.6 mmol/l) without
top-ups or dextrose
gel.
If a baby has always
had BG of 47 mg/dl
(2.6 mmol/l) or more
and the feeding regime
changes, i.e., from
breastfeeds with top-
ups to fully
breastfeeding a pre-
feed BG measurement
is recommended 6-8 h
after the last top-up

ly for
toms
ures

<27 mg/dl (<1.5 mmol/l)
or <47 mg/dl (<2.6
mmol/l) and serious
symptoms (apnea,
seizures, impaired
consciousness)
or if hypoglycemia
persists (27-34 mg/dl)
(1.5-1.9 mmol/l) after
one (to two) meals of
supplementary feeds/
dextrose gel

Buccal dextrose
gel

Not described in detail

<32 mg/dl (<1.8 mmol/l)
or infants who have
failed to respond to
enteral supplementation

Dextrose gel Preterm infants and
SGA: after 24 h if BG
≥47 mg/dl (≥2.6
mmol/l)
Maternal diabetes and
LGA: after 12 h if BG
≥47 mg/dl (≥2.6
mmol/l)
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Screening recommended Time of first
BG

Hypoglycemia
threshold
<48/72 h of

life

Manag
based

asympto
sympto

Neonatal risk factors Maternal risk
factors

Hypoglycemia of
the newborn,
Women’s Health
Service,
Christchurch
Women’s (07/2020,
New Zealand) (60)

- Preterm infants (GA <37 weeks)
- SGA (<9th centile (on UK-WHO
growth chart)
- LGA (>98thcentile (on UK-WHO
growth chart)
- Hypothermia
- Severe intrapartum fetal distress or
lactate >5.8 mmol/L
- Asymmetric growth in conjunction
with either intrapartum fetal distress
and/or meconium exposure
- Unwell baby
- Sepsis
- Symptoms

- Maternal diabetes pre-feed 3-4 h
after birth

<48 h: <47 mg/dl
(<2.6 mmol/l)

Yes

Swedish national
guideline for
prevention and
treatment of
neonatal
hypoglycemia in
newborn infants
with gestational age
≥ 35 weeks (07/
2019, Sweden) (55)

- Preterm infants (GA <37 weeks)
- SGA (BW <-2 SDS)
- LGA (BW >+2 SDS)
- Sick infants at the NICU (e.g.,
asphyxia, infection)
- Clinical signs of hypoglycemia

- Infants of diabetic
mothers/mothers with
GDM

Before the 2nd feed
(not later than 3 h
after birth)

<72 h: <47 mg/dl
(<2.6 mmol/l)

Yes, but on
severe sym
(apnea, sei
etc.)

The screening and
management of
newborns at risk
for low blood
glucose (05/2019,
Canada) (59)

- Preterm infants (GA <37 weeks)
- SGA (BW <10th centile)
- LGA (BW >90th centile)
- Asphyxiated infants

- Infants of mothers
with diabetes

At 2 h of age <72 h: <47 mg/dl
(<2.6 mmol/l)

Yes
e

m

p
z
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TABLE 1 Continued

nt

tic/
ic?

Start of i.v. glucose Further
measures
included

End of BG
screening

Symptomatic and <40
mg/dl (<2.2 mmol/l)
0-4 h asymptomatic:
BG <25 mg/dl (<1.4
mmol/l) twice despite
feeding after first BG <25
mg/dl (<1.4 mmol/l)
4-24 h asymptomatic:
BG <35 mg/dl (<1.9
mmol/l) twice despite
feeding after first BG <35
mg/dl (<1.9 mmol/l)

Recommendations
only if
hyperinsulinism is
diagnosed

Late preterm (34-36 6/
7) and SGA: after 24 h
Maternal diabetes and
LGA (>34 weeks):
after 12 h

<18 mg/dl (<1.0 mmol/l)
and/or clinical signs
consistent with
hypoglycemia

Buccal dextrose
gel
Glucagon i.m.
(single
administration)

BG ≥36 mg/dl (≥2.0
mmol/l) after 3rd

measurement (age <8
h).
One BG 18-34 mg/dl
(1.0-1.9 mmol/l): after
2 consecutive pre-feed
BG measurements
>2.0 mmol/l and no
clinical signs.
One BG <18 mg/dl
(<1.0 mmol/l):
continue to monitor
BG until infant is on
full enteral feeds and
BG values are >45 mg/
dl (>2.5 mmol/l) or 54
mg/dl (3.0 mmol/l) in
cases of
hyperinsulinism over
several fast-feed cycles
for at least 24 h

(Continued)
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Screening recommended Time of first
BG

Hypoglycemia
threshold
<48/72 h of

life

Managem
based o

asymptoma
symptoma

Neonatal risk factors Maternal risk
factors

Management of
hypoglycemia in
newborn: Turkish
Neonatal and
Pediatric
Endocrinology and
Diabetes
Societies consensus
report (2018,
Turkey) (58)

- Prematurity
- IUGR
- SGA
- LGA
- Hypothermia
- Perinatal asphyxia
- Meconium aspiration syndrome
- Infection
- Polycythemia
- Drug usage (IV indomethacin)
- Immune hemolytic disease (Rh
incompatibility)
- Congenital heart diseases
- Endocrine disorders
- Special feature on physical
examination findings
- History of sibling with hypoglycemia
- Malnutrition

- Maternal diabetes
- Preeclampsia/
eclampsia, gestation-
related hypertension
- Medical treatment
(beta-blockers, oral
hypoglycemic agents,
beta-agonist tocolytics,
late antepartum and
intrapartum dextrose

30 min after first
feed

<4 h: ≤40 mg/dl
(≤2.2 mmol/l)
4-24 h: ≤45 mg/dl
(≤2.5 mmol/l)
>24 h: <50 mg/dl
(<2.8 mmol/l)

Yes

Identification and
Management of
Neonatal
Hypoglycemia in
the Full
Term Infant
Framework for
Practice, British
Association of
Perinatal Medicine
(04/2017, UK) (54)

- IUGR (BW 2nd centile) or clinically
wasted
- Perinatal acidosis (cord arterial or
infant pH <7.1 and base deficit
≥-12mmol/l)
- Hypothermia (<36.5°C) not
attributed to environmental factors
- Suspected/confirmed early onset
sepsis
- Abnormal feeding behavior
- Clinical signs of hypoglycemia
(cyanosis, apnea, altered level of
consciousness, seizures, hypotonia,
lethargy, high pitched cry)

- Infants of diabetic
mothers
- Infants of mothers
taking beta-blockers in
the third trimester and/
or at time of delivery

Before the 2nd feed
(2-4 h after birth)

<48 h: <36 mg/dl
(<2.0 mmol/l)

Yes
e
n

t
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TABLE 1 Continued

Hypoglycemia
threshold
<48/72 h of

life

Management
based on

asymptomatic/
symptomatic?

Start of i.v. glucose Further
measures
included

End of BG
screening

1-4 h: ≤40 mg/dl
(≤2.2 mmol/l)
4-24 h: ≤45 mg/dl
(≤2.5 mmol/l)

Yes Symptomatic and BG
<40 mg/dl (<2.2 mmol/l).
Asymptomatic: Age <4 h:
BG <25 mg/dl (<1.4
mmol/l)
BG 25-40 mg/dl (1.4-2.2
mmol/l): refeed/i.v.
glucose as needed.
Age: 4-24 h: BG<35 mg/
dl (<1.9 mmol/l). BG 35-
45 mg/dl (1.9-2.5 mmol/
l): refeed/i.v. glucose as
needed.

– Infants 34-36 6/7
weeks and SGA: after
24 h if BG ≥45 mg/dl
(≥2.5 mmol/l).
Maternal diabetes and
LGA ≥34 weeks: 12 h
if BG ≥45 mg/dl (≥2.5
mmol/l).

Depending on risk
and age

No <32 mg/dl (<1.8 mmol/l)
Or repeatedly low,
depending on the
severity and the number
of measurements

Diazoxide Low risk: if first BG
≥2.5 mmol/l

are baby unit; SGA, small for gestational age; LGA, large for gestational age; h, hour/s; i.v., intravenous; i.m., intramuscular; NICU, neonatal
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Screening recommended Time of first
BG

Neonatal risk factors Maternal risk
factors

Clinical Report-
Postnatal Glucose
Homeostasis in
Late-Preterm and
Term Infants,
American Academy
of Pediatrics (2011,
U.S) (5)

- Late preterm infants (GA 34-36 6/7)
- SGA
- LGA
-

- Infants of mothers
with diabetes

30 min after first
feed

National guideline
to prevent neonatal
hypoglycemia
(2010, Denmark)
(63)

Low risk:
- LGA (BW >+2SD*); >+22%)
Moderate risk:
- SGA (BW<-2SD); <-22%)
- IUGR/Immaturity
- Preterm (GA 32 + 0 - 36 + 6)
- Sepsis, cooling
- Light asphyxia (cord-pH 7.0-7.1 or
BE -10 to -15)
High risk:
- Severe asphyxia (cord-pH <7.0 or BE
<-15)
- Severe IUGR/SGA (BW<-3SD);
<-35%)

Low risk:
- Diet-treated diabetes
mother
Moderate risk:
- Insulin treated diabetic
mother (sufficiently
treated)
High risk:
- Diabetic fetopathies
(insulin treated diabetic
mother, dysregulated)

Low risk: 2 h
Moderate risk: 2 h
after first
breastfeeding/
nutrition
High risk: 1 h old

BE, base excess; BWS, Beckwith-Wiedemann syndrome; GA, gestational age; BG, blood glucose; BW, birth weight; SCBU, special
intensive care unit; SDS, Standard Deviation Score.
c
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underlying guideline. In addition, an effect on successful

implementation of breastfeeding was described (66). However,

more data on safety and efficacy and the effect of dextrose gel on

long-term neurological outcome are needed. In our view, there is no

reliable data on further specific preventive measures. Of note, such

measures must also be meaningfully embedded in the overall

guideline. Common recommendations are to establish safe skin-

to-skin contact immediately after birth, to keep the neonate warm

and to facilitate breastfeeding (50, 52, 54–57, 60, 62). In our

opinion, a guideline should also aim to reduce the burden of

treatment to the least possible. Therefore, less burdensome

measures such as the use of dextrose gel and the short-term use

of formula milk might be considered helpful in reducing the need

for more invasive procedures in at-risk neonates.
Existing guidelines: who to screen?

Recommendations on which children should receive a blood

glucose screening vary considerably between guidelines, ranging from

four (5) to >25 risk factors (56). The only risk factor for which blood

glucose screening is uniformly recommended is maternal diabetes (5,

50–57, 59, 60, 62, 63). Furthermore, there is a consensus that low

birth weight (BW) infants are at increased risk for hypoglycemia, but

there are different definitions for “low BW” or “SGA” depending on

the guideline (e.g. BW <- 2 Standard Deviation Score (SDS) (55), BW

≤2nd centile (54), BW <10th centile (59), BW <2500 g or <3rd centile

(57)). The same applies to neonates born with a “high BW” or “LGA”.

Definitions range from BW >90th centile (59) or BW >+2 SDS (55) to

BW >4.500 g (52) etc.

The difficulty of assessing the evidence for selective screening is

exemplified on the basis of the study by Brand et al. who

investigated the neurodevelopmental outcome at the age of 4

years in 75 healthy term LGA infants with transient

hypoglycemia, that were born to non-diabetic mothers (67). The

lowest blood glucose levels observed during the first five hours was

0.6 mmol/l (11 mg/dl) and the mean was 1.9 mmol/l (34 mg/dl). Of

note, twenty-seven children (36%) were treated with intravenous

glucose infusion and their mean blood glucose concentration was

1.4 mmol/l (25 mg/dl). With this intensive therapeutic approach,

the neurological outcome for LGA-infants with hypoglycemia was

not worse than without hypoglycemia. The conclusion of the

authors is that transient mild hypoglycemia in LGA neonates

does not to appear harmful – although this has been shown only

in a cohort in which a significant proportion received i.v. glucose.

Furthermore, exclusion of LGA newborns from screening would

pose a risk to neonates with congenital hyperinsulinism, who are

often LGA, and thus may be underestimated and identified too late,

increasing the risk of severe brain damage for this patient

population (32, 33).

For some potential risk factors evidence is low. For example, for

neonates with polycythemia, which is listed as a risk factor in the

Queensland guideline, the Turkish guideline and byWight et al. (51,

56, 58). Hopfeld-Fogel et al. found that neonatal hypoglycemia was

not more common compared to controls with normal hematocrit

(68). On the other hand, the risk factor maternal beta-blocker
Frontiers in Endocrinology 11
treatment is only listed in some guidelines (50, 51, 54, 58, 62),

although a large meta-analysis recently found that the risk of

hypoglycemia in neonates of mothers treated with beta-blockers

can be demonstrate with moderate certainty of evidence.

Accordingly, the authors recommend a postnatal glycemic

monitoring during the first 24 hours (69). Further assessment of

the detailed evidence for the entire set of risk factors is not possible

within the scope of this review. However, it is an important topic for

separate meta-analyses or systematic reviews.
Existing guidelines: blood
glucose screening

No consensus exists on the optimal timing for the first postnatal

blood glucose measurement. Most guidelines recommend blood

glucose testing before the 2nd feed but no later than 3 to 4 hours of

age (51, 52, 54, 55, 57). Other recommendations range from 1 hour

of age (50) to 30 minutes after the first feed (5, 58) or the time points

differ depending on the risk factor (56, 63).

Hypoglycemia thresholds for neonates below 48/72 hours of age

range from <2.0 mmol/l (<36 mg/dl) to <2.6 mmol/l (<47 mg/dl).

Interestingly, 10 of the 13 reported guidelines (Table 1) differentiate

between symptomatic and asymptomatic hypoglycemia in their

recommendations for further management. However, as

mentioned above it was found that the recognition of

hypoglycemia signs is very observer dependent and “that it is

difficult to distinguish the nonspecific signs of normal adaptation

from signs of hypoglycemia” (4). Similarly, just as glucose

thresholds vary widely, the further procedures in the event of

hypoglycemia, e.g., when to start intravenous glucose, varies by

guideline (Table 1). Some guidelines include further potential

therapeutic measures such as buccal dextrose/glucose gel (50, 51,

54–57, 59, 60, 62), a glucagon bolus (50, 52, 54, 62) or continuously

administered glucagon (51). In some guidelines, the duration of

screening varies according to the risk factor (5, 56, 58, 59, 63), in

others, it is based on the severity of hypoglycemia (54, 60). Both

seem to make sense to us. An important aspect is also the

recognition of severe hypoglycemic disorders and under which

conditions these must be thought of or when one can safely

discharge newborns with hypoglycemia without overlooking a

persistent or transient hypoglycemic disease (7). We believe it is

necessary for guidelines to include recommendations such as a

reasonably long “safety” fasting test before discharge in neonates

with hypoglycemia persisting beyond 48/72 hours, or in neonates

with suspected or confirmed hypoglycemic disease (50–52, 56, 58,

59). The evidence of “how to screen” is very low, and therefore

today a pragmatic approach must be chosen that also clarifies when

glucose screening should be discontinued.
Discussion, authors conclusions and
implications for future research

Taken together, there is still insufficient data to define how low a

glucose concentration must be, respectively, how long it must
frontiersin.org
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persist at which level to cause brain injury in neonates.

Furthermore, the vulnerability for adverse consequences of

hypoglycemia may vary for different context factors, such as

immaturity, predisposing risk factors, availability of alternative

fuels etc.

Comparing different guidelines worldwide, it becomes clear that

the insufficient data basis leads to considerably different

interpretation and management recommendations.

Thus, further studies on these questions are needed and have

been demanded by experts for years. Ideas for ideal study designs

have been proposed including studies in prospective cohorts with

nested randomized treatment trial or randomized trials of different

approaches to prevention or screening and diagnosis of

hypoglycemia in at-risk neonates (38, 70, 71).

Until data from such studies is available, the main question is

how to interpret available evidence and follow the principle of

“primum non nocere” in terms of prevention, screening strategy

and treatment.
Should selective screening of blood
glucose in at-risk newborns be adhered to
and who is at risk?

Neonatal hypoglycemia screening affects a high number of

neonates - depending on the definition, approximately one third

of newborns have at least one risk factor for hypoglycemia. The

diagnosis of hypoglycemia has relevant implications for

management and care of neonates. In one recent study, 529 of

10,533 infants were admitted to the NICU postpartum, and of

those, almost half (n= 235, 44,4%) for hypoglycemia

management (72).

However, it has been postulated recently that screening for

neonatal hypoglycemia does not meet the principles for a screening

test (73). It was discussed that the screening may cause harm and

that the current screening approach does not prevent severe

hypoglycemia and severe brain damage.

Despite the paucity of evidence for any specific evidence-based

approach, it is without doubt that there is a considerable number of

children suffering from hypoglycemic brain injury because of

insufficient screening and management strategies – e.g., those

with inborn hypoglycemia disorders such as congenital

hyperinsulinism. Furthermore, it is also without doubt that also

transient hyperinsulinemic hypoglycemia without predisposing risk

factors may cause hypoglycemic brain injury of varying severity (32,

34). The authors advocate that – particularly as there is limited

evidence on timing and interventional cut-offs for screening and

treatment - we owe the affected newborns balanced and thoughtful

guidelines to the best of our knowledge, to be diagnosed timely and

treated adequately to prevent adverse outcomes that negatively

affect their lives permanently.

Preventive and screening strategies, as well as therapeutic

efforts, impose only a temporary and usually minor burden.
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Therefore, the authors advocate accepting some degree of

overtreatment to prevent long-term impairment in some - similar

to the screening and treatment of neonatal hyperbilirubinemia,

which implies a significant number of interventions on patients that

might not suffer from negative consequences even untreated, to

reliably identify and treat those who are at immediate risk for

hyperbilirubinemic brain damage (74).

In newborns at risk for hypoglycemia, blood glucose should be

checked according to a predefined schedule, usually starting from 2-

3 hours of life. As summarized before, published recommendations

vary considerably regarding the risk factors that should trigger

systematic screening, and regarding the interventions. At least for

the most important risk factors SGA/fetal growth restriction (FGR),

maternal diabetes, preterm birth, and other forms of perinatal

stress, clear recommendations for screening are needed, based on

currently available data. However, predicting postnatal blood

glucose concentrations is not straightforward in infants at risk

(47) and it is unclear which neonates with other risk factors may

need to be screened for neonatal hypoglycemia. Certainly, it seems

to be justified for other risk factors, such as maternal beta-

blocker therapy.
Which therapeutic measures are
appropriate in which situations?

Management of at-risk newborns does not start with blood

glucose screening. Preventive measures can be certainly effective

without causing harm, including frequent feeding, keeping the

newborn warm, and ensuring safe skin-to-skin contact – these

measures should be made available to all at-risk newborns.

Moderate measures to prevent or treat hypoglycemia can be

supplemental formula feeding or dextrose gel application – both

with very limited negative consequences. However, invasive

measures such as intravenous glucose, glucagon treatment, or

transfer to a NICU should be recommended thoughtfully and

restrictively in a guideline, but then put into practice consistently

with stepwise rapid escalation of treatment when indicated to

reliably prevent severe and persistent hypoglycemia with

potentially adverse consequences.

Interventions are e.g. recommended when the blood glucose

concentration falls below a critical threshold and does not rise above

this value, or when symptoms are observed (46). Commonly, below

2.5 mmol/l (45 mg/dl) “action” is recommended in any newborn

with signs attributed to hypoglycemia (46). However, based on

blood glucose levels alone, there is some debate if action should be

initiated at threshold values <2.0 mmol/l or <2.5 mmol/l (<36 mg/dl

or <45 mg/dl). While a single blood glucose measurement between

2.0 and 2.5 mmol/l (36 and 45 mg/dl) might not make a big

difference, low values that occur repeatedly (indicating a certain

severi ty) , are accompanied by symptoms (indicat ing

neuroglycopenia), or occur during a period of insufficient feeding

(indicating limited potential for spontaneous recovery) are of
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greater concern. In terms of symptoms, it should be considered that

insufficient feeding despite low glucose values could indicate apathy

caused by neuroglycopenia.

We recommend the operational threshold and the target blood

glucose value to aim for should be >2.5 mmol/l (>45 mg/dl) from at

least the 4th (-6th) hour of life (75). This higher threshold seems

more appropriate to us to provide a margin of safety and to safely

avoid blood glucose levels <1.7 mmol/l (<30 mg/dl). Especially

prolonged periods or repeated periods in this range must be

considered potentially harmful and a value that triggers

invasive measures.
How are neonates with relevant
hypoglycemia identified among neonates
without known risk factors?

Because routine blood glucose screening is usually not

performed in asymptomatic, healthy, term newborns, neonates

with transitory or transient hypoglycemia as well as a permanent

hypoglycemic disease, who do not have any risk factors for

hypoglycemia are often first noticed by clinical signs (32).

Therefore, without a general glucose screening, at least careful

education and awareness of parents, midwives, and nurses

regarding the clinical signs of hypoglycemia is needed. When a

neonate presents with signs suggestive of hypoglycemia, e.g.,

adrenergic or neuroglycopenic symptoms, it is consensus that a

blood glucose determination should be performed. However, given

the limited sensitivity and specificity of symptoms, in case of doubt

regarding signs of low glucose, only a blood glucose measurement

can reliably detect or exclude hypoglycemia, and should therefore

be performed quite generously (“glucose as a vital sign”).

Regarding missing the early diagnosis of congenital

hypoglycemic disorders or transient hyperinsulinism in the

neonatal period, it is important that treatment standards define

criteria for when to consider such a condition e.g., severity and/or

duration of hypoglycemia, carbohydrate requirement etc. Today,

these newborns often receive appropriate treatment for severe

hyperinsulinism, but only after a significant delay (32). However,

criteria should also be defined for the termination of preventive,
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screening, or therapeutic measures when there is no longer a

relevant risk for recurrent or severe hypoglycemia. In unclear

cases, a short diagnostic fasting test over 5-6 hours may also be

helpful to exclude further hypoglycemic risk.
Future research

Severe hypoglycemic brain damage may not occur in many

patients classified as having transitory hypoglycemia in the first

days of life. More likely is the occurrence of minor intelligence

reduction or partial performance deficits which may manifest too

late in childhood to be consciously attributed to neonatal

hypoglycemia (38). It can be assumed that at-risk newborns are

particularly susceptible because they have, depending on the

condition, low energy reserves overall, but especially in the brain.

In addition, it seems likely that their limited adaptive capacities can

only provide insufficient energy in the form of glucose, lactate, or

ketone bodies. To prove this in studies, clinically and metabolically

well characterized at-risk newborns, must be followed up

neurologically in detail and on a long-term basis. Lower

thresholds beyond 2.5 mmol/l (45 mg/dl) should be investigated

as primary outcome to see if these are associated with worse

outcomes. In particular, the duration and the frequency of

hypoglycemia should be included in the analysis.

In parallel, guidelines should be prospectively evaluated in terms

of efficacy regarding glycemic control and long-term neurological

outcome at least until mid-childhood, when partial performance

disorders become apparent. The studies should be powered to

detect even small reductions in neurodevelopmental outcomes. On

a population level, even small effects, e.g., a quarter of a standard

deviation rather than half a standard deviation, as frequently used in

studies, can be highly clinically relevant. Unnecessary overtreatment

should also be avoided, and a long-term goal should be to establish

evidenced-based guidelines that provide an appropriate approach for

the entire neonatal population. These demands result in very

challenging study designs in terms of the number of subjects and

study duration. On the other hand, the topic is of such high relevance

that this high effort seems justified. Authors’ recommendation for

future studies are summarized in Table 2.
TABLE 2 Recommendations on possible targets for future studies to increase evidence for the management of neonatal hypoglycemia.

• Prospective, preferably multicenter randomized controlled trials evaluating long-term outcome until at least mid-childhood with power to detect even small reductions in
neurodevelopmental outcomes depending on:
o different risk factors (between risk factors and within a specific risk factor group)
o different operational thresholds (overtreatment vs. undertreatment)
o duration and frequency of hypoglycemia
o different preventive and treatment methods (e.g. guidelines)
o early identification of inborn endocrine or metabolic disease causing severe neonatal hypoglycemia
o symptomatic/asymptomatic hypoglycemia
o the influence of alternative cerebral energy fuels (e.g. ketones, lactate)
• Prospective cohort studies evaluating the individual risk for severe hypoglycemia according to different risk factors and development of risk factor specific screening and
treatment approaches
• Randomized controlled trials of signs of hypoglycemia: Does training of parents, midwives, and nurses affect early detection of severe hypoglycemia?
frontiersin.org

https://doi.org/10.3389/fendo.2023.1179102
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Roeper et al. 10.3389/fendo.2023.1179102
Author contributions

All authors listed have made a substantial, direct, and intellectual

contribution to the work and approved it for publication.
Funding

Financial support for this study was provided by the Ilse-

Bagel Foundation.
Conflict of interest

The authors participated and are still involved in studies on

the use of Dasiglucagon Zealand Pharma in congenital
Frontiers in Endocrinology 14
hyperinsulinism. The authors declare that the research was

conducted in the absence of any other commercial or financial

relationships that could be construed as a potential conflict

of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
1. Whipple AO. The surgical therapy of hyperinsulinismus. J Int Chir (1938) 3:237–
76.

2. Cryer PE, Axelrod L, Grossman AB, Heller SR, Montori VM, Seaquist ER, et al.
Evaluation and management of adult hypoglycemic disorders: an endocrine society
clinical practice guideline. J Clin Endocrinol Metab (2009) 94(3):709–28. doi: 10.1210/
jc.2008-1410

3. International Hypoglycaemia Study Group. Glucose concentrations of less than
3.0 mmol/l (54 mg/dl) should be reported in clinical trials: a joint position statement of
the American diabetes association and the European association for the study of
diabetes. Diabetologia (2017) 60(1):3–6. doi: 10.1007/s00125-016-4146-6

4. Hoermann H, Mokwa A, Roeper M, Salimi Dafsari R, Koestner F, Hagenbeck C,
et al. Reliability and observer dependence of signs of neonatal hypoglycemia. J Pediatr
(2022) 245:22–9.e2. doi: 10.1016/j.jpeds.2022.02.045

5. Committee on Fetus and Newborn, Adamkin DH. Postnatal glucose homeostasis
in late-preterm and term infants. Pediatrics (2011) 127(3):575–9. doi: 10.1542/
peds.2010-3851

6. World Health Organization. Hypoglycaemia of the newborn: review of the
literature. World Health Organization (1997). Available at: https://apps.who.int/iris/
handle/10665/63362 (Accessed May 25, 2023).

7. Thornton PS, Stanley CA, De Leon DD, Harris D, Haymond MW, Hussain K,
et al. 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. doi: 10.1016/j.jpeds.2015.03.057

8. Hartmann AF, Jaudon JC, Morton M. Hypoglycemia. J pediatrics (1937) 11:1–36.

9. Stanley CA, Anday EK, Baker L, Delivoria-Papadopolous M. Metabolic fuel and
hormone responses to fasting in newborn infants. Pediatrics (1979) 64(5):613–9.

10. Wright LL, Stanley CA, Anday EK, Baker L. The effect of early feeding on plasma
glucose levels in SGA infants. Clin Pediatr (Phila) (1983) 22(8):539–41. doi: 10.1177/
000992288302200803

11. 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. doi: 10.1016/j.jpeds.2017.06.034

12. Srinivasan G, Pildes RS, Cattamanchi G, Voora S, Lilien LD. Plasma glucose
values in normal neonates: a new look. J Pediatr (1986) 109(1):114–7. doi: 10.1016/
s0022-3476(86)80588-1

13. Diwakar KK, Sasidhar MV. Plasma glucose levels in term infants who are
appropriate size for gestation and exclusively breast fed. Arch Dis Child Fetal Neonatal
Ed (2002) 87(1):F46–8. doi: 10.1136/fn.87.1.f46

14. 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. doi: 10.1055/s-2006-931912

15. 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. doi: 10.1016/j.jpeds.2020.02.079

16. Harris DL, Weston PJ, Harding JE. Lactate, rather than ketones, may provide
alternative cerebral fuel in hypoglycaemic newborns. Arch Dis Child Fetal Neonatal Ed
(2015) 100(2):F161–4. doi: 10.1136/archdischild-2014-306435

17. Falkowska A, Gutowska I, Goschorska M, Nowacki P, Chlubek D, Baranowska-
Bosiacka I. Energy metabolism of the brain, including the cooperation between
astrocytes and neurons, especially in the context of glycogen metabolism. Int J Mol
Sci (2015) 16(11):25959–81. doi: 10.3390/ijms161125939

18. Singh M, Singhal PK, Paul VK, Deorari AK, Sundaram KR, Ghorpade MD, et al.
Neurodevelopmental outcome of asymptomatic & symptomatic babies with neonatal
hypoglycaemia. Indian J Med Res (1991) 94:6–10.

19. Koivisto M, Blanco-Sequeiros M, Krause U. Neonatal symptomatic and
asymptomatic hypoglycaemia: a follow-up study of 151 children. Dev Med Child
Neurol (1972) 14(5):603–14. doi: 10.1111/j.1469-8749.1972.tb02642.x

20. Koh TH, Aynsley-Green A, Tarbit M, Eyre JA. Neural dysfunction during
hypoglycaemia. Arch Dis Child (1988) 63(11):1353–8. doi: 10.1136/adc.63.11.1353

21. Alkalay AL, Flores-Sarnat L, Sarnat HB, Moser FG, Simmons CF. Brain imaging
findings in neonatal hypoglycemia: case report and review of 23 cases. Clin Pediatr
(Phila) (2005) 44(9):783–90. doi: 10.1177/000992280504400906

22. 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. doi: 10.1542/peds.2007-2822

23. Barkovich AJ, Ali FA, Rowley HA, Bass N. Imaging patterns of neonatal
hypoglycemia. AJNR Am J Neuroradiol (1998) 19(3):523–8.

24. Murakami Y, Yamashita Y, Matsuishi T, Utsunomiya H, Okudera T, Hashimoto
T. Cranial MRI of neurologically impaired children suffering from neonatal
hypoglycaemia. Pediatr Radiol (1999) 29(1):23–7. doi: 10.1007/s002470050527

25. Filan PM, Inder TE, Cameron FJ, Kean MJ, Hunt RW. Neonatal hypoglycemia
and occipital cerebral injury. J Pediatr (2006) 148(4):552–5. doi: 10.1016/
j.jpeds.2005.11.015

26. Yalnizoglu D, Haliloglu G, Turanli G, Cila A, Topcu M. Neurologic outcome in
patients with MRI pattern of damage typical for neonatal hypoglycemia. Brain Dev
(2007) 29(5):285–92. doi: 10.1016/j.braindev.2006.09.011

27. Mao J, Chen LY, Fu JH, Li J, Xue XD. Clinical evaluation by MRI on the
newborn infants with hypoglycemic brain damage. Zhonghua Er Ke Za Zhi. (2007) 45
(7):518–22.

28. 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. doi: 10.1542/peds.2007-2002

29. Kim SY, Goo HW, Lim KH, Kim ST, Kim KS. Neonatal hypoglycaemic
encephalopathy: diffusion-weighted imaging and proton MR spectroscopy. Pediatr
Radiol (2006) 36(2):144–8. doi: 10.1007/s00247-005-0020-2

30. Traill Z, Squier M, Anslow P. Brain imaging in neonatal hypoglycaemia. Arch
Dis Child Fetal Neonatal Ed (1998) 79(2):F145–7. doi: 10.1136/fn.79.2.f145

31. Nivins S, Kennedy E, Thompson B, Gamble GD, Alsweiler JM, Metcalfe R, et al.
Associations between neonatal hypoglycaemia and brain volumes, cortical thickness
and white matter microstructure in mid-childhood: an MRI study. NeuroImage Clin
(2022) 33:102943. doi: 10.1016/j.nicl.2022.102943

32. Roeper M, Salimi Dafsari R, Hoermann H, Mayatepek E, Kummer S, Meissner
T. Risk factors for adverse neurodevelopment in transient or persistent congenital
hyperinsulinism. Front Endocrinol (Lausanne) (2020) 11:580642. doi: 10.3389/
fendo.2020.580642

33. Meissner T, Wendel U, Burgard P, Schaetzle S, Mayatepek E. Long-term follow-
up of 114 patients with congenital hyperinsulinism. Eur J Endocrinol (2003) 149(1):43–
51. doi: 10.1530/eje.0.1490043
frontiersin.org

https://doi.org/10.1210/jc.2008-1410
https://doi.org/10.1210/jc.2008-1410
https://doi.org/10.1007/s00125-016-4146-6
https://doi.org/10.1016/j.jpeds.2022.02.045
https://doi.org/10.1542/peds.2010-3851
https://doi.org/10.1542/peds.2010-3851
https://apps.who.int/iris/handle/10665/63362
https://apps.who.int/iris/handle/10665/63362
https://doi.org/10.1016/j.jpeds.2015.03.057
https://doi.org/10.1177/000992288302200803
https://doi.org/10.1177/000992288302200803
https://doi.org/10.1016/j.jpeds.2017.06.034
https://doi.org/10.1016/s0022-3476(86)80588-1
https://doi.org/10.1016/s0022-3476(86)80588-1
https://doi.org/10.1136/fn.87.1.f46
https://doi.org/10.1055/s-2006-931912
https://doi.org/10.1016/j.jpeds.2020.02.079
https://doi.org/10.1136/archdischild-2014-306435
https://doi.org/10.3390/ijms161125939
https://doi.org/10.1111/j.1469-8749.1972.tb02642.x
https://doi.org/10.1136/adc.63.11.1353
https://doi.org/10.1177/000992280504400906
https://doi.org/10.1542/peds.2007-2822
https://doi.org/10.1007/s002470050527
https://doi.org/10.1016/j.jpeds.2005.11.015
https://doi.org/10.1016/j.jpeds.2005.11.015
https://doi.org/10.1016/j.braindev.2006.09.011
https://doi.org/10.1542/peds.2007-2002
https://doi.org/10.1007/s00247-005-0020-2
https://doi.org/10.1136/fn.79.2.f145
https://doi.org/10.1016/j.nicl.2022.102943
https://doi.org/10.3389/fendo.2020.580642
https://doi.org/10.3389/fendo.2020.580642
https://doi.org/10.1530/eje.0.1490043
https://doi.org/10.3389/fendo.2023.1179102
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Roeper et al. 10.3389/fendo.2023.1179102
34. Avatapalle HB, Banerjee I, Shah S, Pryce M, Nicholson J, Rigby L, et al.
Abnormal neurodevelopmental outcomes are common in children with transient
congenital hyperinsulinism. Front Endocrinol (Lausanne) (2013) 4:60. doi: 10.3389/
fendo.2013.00060

35. Lord K, Radcliffe J, Gallagher PR, Adzick NS, Stanley CA, De Leon DD. High risk of
diabetes and neurobehavioral deficits in individuals with surgically treated hyperinsulinism. J
Clin Endocrinol Metab (2015) 100(11):4133–9. doi: 10.1210/jc.2015-2539

36. Helleskov A, Melikyan M, Globa E, Shcherderkina I, Poertner F, Larsen AM, et al.
Both low blood glucose and insufficient treatment confer risk of neurodevelopmental
impairment in congenital hyperinsulinism: a multinational cohort study. Front Endocrinol
(Lausanne) (2017) 8:156. doi: 10.3389/fendo.2017.00156

37. Lucas A, Morley R, Cole TJ. Adverse neurodevelopmental outcome of moderate
neonatal hypoglycaemia. BMJ (1988) 297(6659):1304–8. doi: 10.1136/
bmj.297.6659.1304

38. 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. doi: 10.1159/000492859

39. Harris DL, Alsweiler JM, Ansell JM, Gamble GD, Thompson B, Wouldes TA, et al.
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. doi: 10.1016/j.jpeds.2015.10.066

40. McKinlay CJD, Alsweiler JM, Anstice NS, Burakevych N, Chakraborty A, Chase
JG, et al. Association of neonatal glycemia with neurodevelopmental outcomes at 4.5
years. JAMA Pediatr (2017) 171(10):972–83. doi: 10.1001/jamapediatrics.2017.1579

41. Shah R, Dai DWT, Alsweiler JM, Brown GTL, Chase JG, Gamble GD, et al.
Association of neonatal hypoglycemia with academic performance in mid-childhood.
JAMA (2022) 327(12):1158–70. doi: 10.1001/jama.2022.0992

42. Rasmussen AH, Wehberg S, Portner F, Larsen AM, Filipsen K, Christesen HT.
Neurodevelopmental outcomes after moderate to severe neonatal hypoglycemia. Eur J
Pediatr (2020) 179(12):1981–91. doi: 10.1007/s00431-020-03729-x

43. van Kempen A, Eskes PF, Nuytemans D, van der Lee JH, Dijksman LM, van
Veenendaal NR, et al. Lower versus traditional treatment threshold for neonatal
hypoglycemia. N Engl J Med (2020) 382(6):534–44. doi: 10.1056/NEJMoa1905593

44. Kaiser JR, Bai S, Gibson N, Holland G, Lin TM, Swearingen CJ, et al. Association
between transient newborn hypoglycemia and fourth-grade achievement test
proficiency: a population-based study. JAMA Pediatr (2015) 169(10):913–21.
doi: 10.1001/jamapediatrics.2015.1631

45. Wickstrom R, Skiold B, Petersson G, Stephansson O, Altman M. Moderate
neonatal hypoglycemia and adverse neurological development at 2-6 years of age. Eur J
Epidemiol (2018) 33(10):1011–20. doi: 10.1007/s10654-018-0425-5

46. Cornblath M, Hawdon JM, Williams AF, Aynsley-Green A, Ward-Platt MP,
Schwartz R, et al. Controversies regarding definition of neonatal hypoglycemia:
suggested operational thresholds. Pediatrics (2000) 105(5):1141–5. doi: 10.1542/
peds.105.5.1141

47. Rozance PJ, Hay WWJr. Describing hypoglycemia–definition or operational
threshold? Early Hum Dev (2010) 86(5):275–80. doi: 10.1016/j.earlhumdev.2010.05.002

48. Koh TH, Vong SK. Definition of neonatal hypoglycaemia: is there a change? J
Paediatr Child Health (1996) 32(4):302–5. doi: 10.1111/j.1440-1754.1996.tb02558.x

49. Roeper M, Salimi Dafsari R, Hoermann H, Hoehn T, Kummer S, Meissner T.
Clinical management and knowledge of neonatal hypoglycaemia in Germany: a
national survey of midwives and nurses. J Paediatr Child Health (2021) 57(6):854–9.
doi: 10.1111/jpc.15337

50. Varghese J, et al. South Australian perinatal practice guideline, in: Neonatal
hypoglycaemia: department for health and wellbeing (2020). Government of South
Australia. Available at: https://www.sahealth.sa.gov.au/ (Accessed March 1, 2023).

51. Queensland Clinical Guidelines. Hypoglycaemia-newborn. guideline no.
MN19.8-V12-R24: Queensland health (2022). Available at: http://www.health.qld.gov.
au/ (Accessed March 1, 2023).

52. Government of Western Australia. Child and adolescent health service.
hypoglycaemia guideline (2021). Available at: https://www.cahs.health.wa.gov.au/
(Accessed March 1, 2023).

53. Segerer H, Bührer C, Kapellen T, Mattern E, Ramsauer B, Somville T, et al.
Betreuung von neugeborenen diabetischer mütter. leitlinie der GNPI, DGPM, DDG,
DGHWi, dem DHV, der DGKJ und DGGG.(2k-level, AWMF-Leitlinien-Register nr.
024/006, juli 2017). Z für Geburtshilfe und Neonatologie (2018) 222(03):107–14.
doi: 10.1055/a-0621-1369

54. British Association of Perinatal Medicine. Identification and management of
neonatal hypoglycemia in the full term infant framework for practice (2017). Available
at: https://www.bapm.org/ (Accessed March 1, 2023).
Frontiers in Endocrinology 15
55. Wackernagel D, Gustafsson A, Edstedt Bonamy AK, Reims A, Ahlsson F,
Elfving M, et al. Swedish National guideline for prevention and treatment of neonatal
hypoglycaemia in newborn infants with gestational age >/=35 weeks. Acta Paediatr
(2020) 109(1):31–44. doi: 10.1111/apa.14955

56. Wight NEAcademy of Breastfeeding M. ABM clinical protocol #1: guidelines for
glucose monitoring and treatment of hypoglycemia in term and late preterm neonates,
revised 2021. Breastfeed Med (2021) 16(5):353–65. doi: 10.1089/bfm.2021.29178.new

57. Working Group of the Swiss Society of Neonatology (SSN). Prevention and
treatment of hypoglycaemia in neonates with a gestational age from 35 0/7 weeks in
maternity wards: Swiss society of neonatology guidelines (2020). Available at: https://
www.neonet.ch/ (Accessed March 1, 2023).

58. Aliefendioglu D, Coban A, Hatipoglu N, Ecevit A, Arisoy AE, Yesiltepe G, et al.
Management of hypoglycemia in newborn: Turkish neonatal and pediatric
endocrinology and diabetes societies consensus report. Turk Pediatri Ars (2018) 53
(Suppl 1):S224–S33. doi: 10.5152/TurkPediatriArs.2018.01820

59. Narvey MR, Marks SD. The screening and management of newborns at risk for
low blood glucose. Paediatr Child Health (2019) 24(8):536–54. doi: 10.1093/pch/
pxz134

60. Maternity Guidelines Group. Christchurch Women’s hospital. hypoglycaemia of
the newborn (2020). Available at: https://edu.cdhb.health.nz/ (Accessed March 1, 2023).

61. Unicef Uk Baby Friendly Initiative. Guidance on the development of policies and
guidelines for the prevention and management of hypoglycaemia of the newborn:
UNICEF London (2013). Available at: www.babyfriendly.org.uk (Accessed March 1,
2023).

62. Waitemata District Health Board. Neonatal hypoglycaemia guideline (2021).
Available at: www.healthpoint.co.nz (Accessed March 1, 2023).

63. Rasmussen AH, Wehberg S, Fenger-Groen J, Christesen HT. Retrospective
evaluation of a national guideline to prevent neonatal hypoglycemia. Pediatr Neonatol
(2017) 58(5):398–405. doi: 10.1016/j.pedneo.2016.12.002

64. Gupta K, Amboiram P, Balakrishnan U, A C, Abiramalatha T, Devi U. Dextrose
gel for neonates at risk with asymptomatic hypoglycemia: a randomized clinical trial.
Pediatrics (2022) 149(6):e2021050733. doi: 10.1542/peds.2021-050733

65. Parappil H, Gaffari M, Ahmed J, Skaria S, Rijims M, Chandra P, et al. Oral
dextrose gel use in asymptomatic hypoglycemic newborns decreases NICU admissions
and parenteral dextrose therapy: a retrospective study. J Neonatal Perinatal Med (2023)
16(1):111–7. doi: 10.3233/NPM-221170

66. Meneghin F, Manzalini M, Acunzo M, Daniele I, Bastrenta P, Castoldi F, et al.
Management of asymptomatic hypoglycemia with 40% oral dextrose gel in near term
at-risk infants to reduce intensive care need and promote breastfeeding. Ital J Pediatr
(2021) 47(1):201. doi: 10.1186/s13052-021-01149-7

67. Brand PL, Molenaar NL, Kaaijk C, WierengaWS. Neurodevelopmental outcome
of hypoglycaemia in healthy, large for gestational age, term newborns. Arch Dis Child
(2005) 90(1):78–81. doi: 10.1136/adc.2003.039412

68. Hopfeld-Fogel A, Kasirer Y, Mimouni FB, Hammerman C, Bin-Nun A.
Neonatal polycythemia and hypoglycemia in newborns: are they related? Am J
Perinatol (2021) 38(9):930–4. doi: 10.1055/s-0040-1701193

69. de Bruin R, van Dalen SL, Franx SJ, Ramaswamy VV, Simons SHP, Flint RB,
et al. The risk for neonatal hypoglycemia and bradycardia after beta-blocker use during
pregnancy or lactation: a systematic review and meta-analysis. Int J Environ Res Public
Health (2022) 19(15):9616. doi: 10.3390/ijerph19159616

70. Boluyt N, van Kempen A, Offringa M. Neurodevelopment after neonatal
hypoglycemia: a systematic review and design of an optimal future study. Pediatrics
(2006) 117(6):2231–43. doi: 10.1542/peds.2005-1919

71. Rozance PJ. Hypoglycemia in the newborn and neurodevelopmental outcomes
in childhood. JAMA (2022) 327(12):1135–7. doi: 10.1001/jama.2022.2456

72. Mukhopadhyay S, Wade KC, Dhudasia MB, Skerritt L, Chou JH, Dukhovny D,
et al. Clinical impact of neonatal hypoglycemia screening in the well-baby care. J
Perinatol (2020) 40(9):1331–8. doi: 10.1038/s41372-020-0641-1

73. Alsweiler JM, Heather N, Harris DL, McKinlay CJD. Application of the
screening test principles to screening for neonatal hypoglycemia. Front Pediatr
(2022) 10:1048897. doi: 10.3389/fped.2022.1048897

74. Lai NM, Gerard JP, Ngim CF, Kamar AA, Chen KH. The association between
serum bilirubin and kernicterus spectrum disorder: a systematic review and meta-
analysis. Neonatology (2021) 118(6):654–64. doi: 10.1159/000519497

75. Hoermann H, Roeper M, Dafsari RS, Koestner F, Schneble D, von Zezschwitz D,
et al. Protecting against brain damage by improving treatment in neonates with
hypoglycaemia: ProBrain-d-a study protocol of a prospective longitudinal study. BMJ
Open (2022) 12(8):e063009. doi: 10.1136/bmjopen-2022-063009
frontiersin.org

https://doi.org/10.3389/fendo.2013.00060
https://doi.org/10.3389/fendo.2013.00060
https://doi.org/10.1210/jc.2015-2539
https://doi.org/10.3389/fendo.2017.00156
https://doi.org/10.1136/bmj.297.6659.1304
https://doi.org/10.1136/bmj.297.6659.1304
https://doi.org/10.1159/000492859
https://doi.org/10.1016/j.jpeds.2015.10.066
https://doi.org/10.1001/jamapediatrics.2017.1579
https://doi.org/10.1001/jama.2022.0992
https://doi.org/10.1007/s00431-020-03729-x
https://doi.org/10.1056/NEJMoa1905593
https://doi.org/10.1001/jamapediatrics.2015.1631
https://doi.org/10.1007/s10654-018-0425-5
https://doi.org/10.1542/peds.105.5.1141
https://doi.org/10.1542/peds.105.5.1141
https://doi.org/10.1016/j.earlhumdev.2010.05.002
https://doi.org/10.1111/j.1440-1754.1996.tb02558.x
https://doi.org/10.1111/jpc.15337
https://www.sahealth.sa.gov.au/
http://www.health.qld.gov.au/
http://www.health.qld.gov.au/
https://www.cahs.health.wa.gov.au/
https://doi.org/10.1055/a-0621-1369
https://www.bapm.org/
https://doi.org/10.1111/apa.14955
https://doi.org/10.1089/bfm.2021.29178.new
https://www.neonet.ch/
https://www.neonet.ch/
https://doi.org/10.5152/TurkPediatriArs.2018.01820
https://doi.org/10.1093/pch/pxz134
https://doi.org/10.1093/pch/pxz134
https://edu.cdhb.health.nz/
http://www.babyfriendly.org.uk
http://www.healthpoint.co.nz
https://doi.org/10.1016/j.pedneo.2016.12.002
https://doi.org/10.1542/peds.2021-050733
https://doi.org/10.3233/NPM-221170
https://doi.org/10.1186/s13052-021-01149-7
https://doi.org/10.1136/adc.2003.039412
https://doi.org/10.1055/s-0040-1701193
https://doi.org/10.3390/ijerph19159616
https://doi.org/10.1542/peds.2005-1919
https://doi.org/10.1001/jama.2022.2456
https://doi.org/10.1038/s41372-020-0641-1
https://doi.org/10.3389/fped.2022.1048897
https://doi.org/10.1159/000519497
https://doi.org/10.1136/bmjopen-2022-063009
https://doi.org/10.3389/fendo.2023.1179102
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Titelblatt_Meißner_Neonatal hypoglycemia_final
	Meißner_Neonatal hypoglycemia
	Neonatal hypoglycemia: lack of evidence for a safe management
	Introduction: neonatal glycemia – what is normal?
	Definition of neonatal hypoglycemia - statistical approach
	Approach to define hypoglycemia based on short-term physiological consequences of hypoglycemia (endocrine/metabolic responses, signs/symptoms)
	Approach to define hypoglycemia based on neurological function or long-term neurological outcome
	How to integrate different approaches to define hypoglycemia - the operational threshold

	Practical application of the operational threshold: existing guidelines for detection and management of neonatal hypoglycemia
	Existing guidelines: preventive measures
	Existing guidelines: who to screen?
	Existing guidelines: blood glucose screening

	Discussion, authors conclusions and implications for future research
	Should selective screening of blood glucose in at-risk newborns be adhered to and who is at risk?
	Which therapeutic measures are appropriate in which situations?
	How are neonates with relevant hypoglycemia identified among neonates without known risk factors?
	Future research

	Author contributions
	Funding
	References



