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Summary

Hypoglycaemia is associated with poor prognosis in many severe childhood illnesses especially in
sub-Saharan Africa where the prevalence of malaria, diarrhoea and malnutrition remains high.
Uncertainty, however, still persists regarding the significance, definition and management of
childhood hypoglycaemia. As a step towards defining optimal, evidence-based diagnostic and
management criteria, we (i) reviewed the evidence underlying current recommendations for the
management of hypoglycaemia, and (ii) analysed a large set of data on blood glucose levels and
associated outcomes of paediatric admissions in a rural hospital over an 11-year period. Current
definitions and treatment protocols for hypoglycaemia are based on observational data and expert
opinion. Future large pragmatic randomized trials would help define optimal treatment thresholds.
Emerging evidence suggests that sublingual sugar is a feasible and effective therapy for correction
of hypoglycaemia, and should be considered where intravenous glucose is delayed or impossible.
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Introduction

Hypoglycaemia is common in the newborn and amongst seriously ill children [1]. In those
ill enough to require hospital admission in rural Africa, prevalence in those aged <28 days is
reported to be 23% and amongst infants and children prevalence is 7.3% [1, 2]. Disease-
specific data similarly shows high prevalence (ranging from 6.6% to 30%) in children with
severe malaria, anaemia, respiratory tract infections, diarrhoea and malnutrition [2]. In these
same populations, the presence of hypoglycaemia is associated with increased mortality and/
or serious neurological sequelae [odds ratio (OR) 3.7] [2]. Hypoglycaemia has also been
identified as a prognostic indicator in children with severe malaria [OR for death = 3.3; 95%
confidence interval (Cl) 1.6-6.7; p< 0.001] [3]. Amongst the newborn, as well as evidence
of clinical illness, known risk factors for hypoglycaemia include prematurity and/or low
weight for gestational age, intrapartum asphyxia and maternal diabetes in pregnancy [4].

Definitions of hypoglycaemia are not completely standardized [5]. On the basis of
observational data and expert opinion, the World Health Organization (WHQO) currently
provides different definitions for the different specific clinical categories indicated in Table
1. In 2005, and based on much of the same evidence as available to WHO, the Government
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of Kenya guidelines [6] were developed that define hypoglycaemia in sick infants/children
to be a blood glucose <2.2 mmol 11 or 40 mg dl =1 [2]. Other guidelines have definitions of
hypoglycaemia as a blood glucose level more than 2SDs below the population mean, but this
definition has been found to have limited physiological significance [4]. As hypoglycaemia
in severe malnutrition probably deserves individual attention, for the remainder of this
article we focus on those without this condition.

WHO and Kenyan guidelines now recommend intravenous (1V) treatment of ‘symptomatic
hypoglycemia’ using 10% glucose (5-10 ml kg™1), with continued monitoring and feeding
or continued glucose infusion thereafter [7]. However, IV therapy is only feasible where
trained personnel and essential supplies are available—raising the question of how most
hypoglycaemic children in resource-constrained settings, who present to primary care, might
be treated. There also remains uncertainty regarding the need to treat hypoglycaemia
identified in an apparently ‘asymptomatic’ individual, particularly in the newborn. This
article therefore aimed in general to identify recent evidence that might inform management
of hypoglycaemia and specifically to contribute to revisions of Kenyan guidelines if
required. In particular, we sought evidence on how best to define and treat hypoglycaemia in
newborns and children without malnutrition.

Methodology

Avrticles were identified through electronic searches of The Cochrane Library and PubMed
(January 2005-February 2009) without any language restrictions. PubMed was searched
through the clinical queries therapy, broad sensitive filter using the following combination
of search terms: hypoglyc* AND (glucose OR dextrose) AND (child* OR neonat* OR
infant*). Limits were applied to exclude articles whose subjects of study were animals, and
also those articles not published within the past 5 years as our aim was to identify new
literature that might result in modification of guidelines published in 2006 [7]. The
bibliographies of identified reviews and articles were searched for additional studies. The
population of interest in this article was children aged 0-59 months with confirmed
hypoglycaemia and managed with any dextrose formulation or any other management
modality. Our outcome of interest was complete remission from hypoglycaemia or
development of adverse events following dextrose therapy or any management modality.
We excluded studies of hypoglycaemia in childhood diabetes or those where hypoglycaemia
was as a result of treatment with insulin.

Retrospective analysis of hypoglycaemia dataset

In addition to the literature searches, and in an attempt to examine the consequences of
alternative thresholds of blood glucose concentration (BGC) for diagnosis of hypoglycaemia
in clinical practice, we undertook a retrospective analysis of a large dataset from Kilifi
District Hospital (KDH) in rural Kenya. The dataset consisted of glucose measurements
taken routinely from 23 805 children aged 1-59 months without a diagnosis of severe
malnutrition admitted to KDH over an 11-year period (1998-2008). The association
between BGC and pre-discharge mortality for children with an admission BGC <6.0 mmol
I-1 was examined using ORs. Specifically, ORs were calculated by specifying (clinically
relevant) cut-offs and comparing the odds of death for children with a BGC below the cut-
off (‘exposed odds of death’) to the odds of death for all children (even those with a high
BGC level) with a BGC above the cut-off level (‘non-exposed odds of death’). Successive
ORs and their associated Cls were calculated in a stepwise manner by varying the threshold
for ‘hypoglycaemia’ from a BGC level of 1.8-6.0 mmol 171 in increments of 0.2 mmol 171, a
range spanning currently described recommendations [2, 7, 8]. We also calculated the
proportion of admitted children identified as requiring parenteral glucose based on
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thresholds of <2.2 mmol 171 and <2.5 mmol 171, All analyses were conducted using STATA
v 10.0 (Stata Corportation, TX, USA).

In total, our literature search identified 72 studies: 67 from PubMed/The Cochrane Library
and 5 studies from supplementary searches. Overall, four studies—one overview of a
systematic and a narrative review and three randomized controlled trials (RCTs)—fulfilled
our inclusion criteria. The study characteristics are summarized in Tables 2 and 3. In the
KDH dataset, the mean age of admissions was 22 months with a mean weight of 8.5 kg.

Definition of hypoglycaemia

There remains considerable variation in the thresholds used to define hypoglycaemia in the
different age groups in the identified studies. In common with current WHO
recommendations, these definitions were based mainly on expert opinion. Recent research
does not provide any new information to assist in establishing a consensus, evidence-based
definition of hypoglycaemia.

Results of the retrospective analysis of KDH data suggest that the current range of BGC cut-
offs (2.0-3.0 mmol I1) recommended by various consensus approaches are associated with
considerably higher odds of death (Fig. 1). These analyses also indicate (i) an OR
associating BGC levels <4.0 mmol 171 with death with even the lower bound of the 95% ClI
of the OR >2.0 and (ii) absence of a clear inflection in the BGC/OR for death relationship
that might be indicative of a clear and specific threshold for biological risk. The trend in
odds of death did not change with analyses stratified by malaria diagnosis, sex or age (as
shown in, e.g. Fig. 2).

Management of hypoglycaemia

Outcomes following treatment of hypoglycaemia—No RCTs evaluating whether
outcomes improve following treatment of hypoglycaemia were identified in neonates,
infants or children. Available data from cross-sectional observational studies—summarized
in a WHO 1997 report—indicate an association of low blood glucose levels with poor
clinical outcomes in neonates [4]. In one study included in the WHO review [9], lower
motor and neurodevelopmental scores were observed after long-term follow-up of sick
hypoglycaemic neonates exposed to longer periods of low BGC. It is on the basis of these
observational data, biological plausibility and the documented associations of
hypoglycaemia with death that treatment is recommended.

Management of asymptomatic hypoglycemia in healthy term (37—42 weeks) infants

Is a low blood glucose measurement of any significance in asymptomatic, term infants? We
identified one summary [8] of two existing reviews [4, 10] in this area. The overall
incidence of hypoglycemia (defined as <1.1 mmol 171 in term babies) was estimated at
between 1 and 5 per 1000 of all live births. Although such biochemical ‘hypoglycaemia’ is
therefore not uncommon, the expert authors of the 2006 review concluded that
breastfeeding, when initiated early and associated with frequent sucking, provides adequate
plasma glucose for the neonate in the first 48 h of life, with no need for supplemental feeds
(to avert or treat biochemical hypoglycaemia) in a healthy neonate. Further they noted that
the practice of supporting thermoregulation through skin-to-skin contact (‘kangaroo care’)
was found to be effective in maintaining body temperature and safe blood glucose levels.
Overall, the authors concluded that there is no evidence to show that low blood glucose
levels (term babies: <1.1 mmol I-1 and pre-term babies: <2.0 mmol I1) among healthy
breast-fed infants who are feeding well are detrimental to outcome and therefore do not
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require pharmacological intervention. They further recommended that additional assessment
is warranted only if hypoglycaemia persists beyond 48 h and is not resolved by additional
feeds (as this could be suggestive of involvement of a metabolic or an endocrine disorder).

Alternative means of administering glucose

Alternative IV regimens—In sick premature infants weighing 1500-2500 g, a RCT [11]
(m=200) compared the effect of IV 10% dextrose in water (DW) (Group 1) and 1V 12.5%
DW (Group 2) on the incidence of hypoglycaemia. Plasma glucose <36 mg dI~1 (2.0 mmol
I71) during the first 2-3 h of life and levels <45 mg dI~ (2.5 mmol I71) between 4 h and 24
h of life were defined as hypoglycaemia. When 1V fluid therapy was started, the incidence
of hypoglycaemia decreased especially in Group 2 (12.5% DW) with a greater risk of two
consecutive low plasma glucose readings in the 10% DW group (risk ratio = 2.67; p=0.024).
Although on the basis of these data the authors recommended 12.5% DW when initiating 1V
therapy in sick pre-term infants, this trial did not aim to investigate whether the 12.5% DW
regimen improved other outcomes.

Studies comparing IV and other routes of administering glucose—One RCT
[12] (7=23) assessed the efficacy of IV 10% glucose and sublingual sugar (SLS) in the
treatment of hypoglycaemia defined as a BGC <60 mg dI~1 (<3.3 mmol I71) in children with
severe malaria. In the SLS group, a teaspoon of sugar, moistened with a few drops of water,
was gently placed under the tongue every 20 min. The primary outcome measure was
treatment response—defined as attainment of a blood glucose level of 260 mg dI~1 (3.3
mmol I71) within 40 min after admission. Secondary outcome measures were early treatment
response at 20 min, relapse (early and late) and maximal BGC gain (GCmax) and treatment
delay. There was no significant difference between groups with regard to treatment response
at 40 min (71% and 67% in the SLS and IV groups, respectively). Among the responders,
relapses occurred in 30% on SLS at 40 min and in 17% on IVG at 20 min. One fatality was
reported in each group. Treatment failures in the SLS group were attributed to clenched
teeth, making administration of SLS impossible or due to swallowing the sugar; whereas in
the IVG group, they were due to unavoidable delays in beginning an infusion [median time
17.5 min (range 3-40 min)]. The authors proposed the use of SLS as an immediate “first aid’
measure while awaiting 1V glucose.

A second RCT [13] (m7=69) compared outcomes of alternative treatments in children with
moderate hypoglycaemia (BGC <80 mg dI~1 or 4.4 mmol I1). Children were assigned to
one of the four methods of administration: oral group (OG)—2.5 g of sugar; sublingual
group (SG)—2.5 g of sugar under the tongue; IV group (IG)—8 ml of 30% dextrose in a
single bolus; and water only group. Treatment failure was defined as the proportion of
children not attaining BGCs =90 mg dI~1 (5.0 mmol I71) during the study period and was not
observed in the SG and IG groups, compared with eight (53%) and nine (81.8%) failures in
the OG and water group, respectively. Children aged >7 years required repeated sublingual
administrations to maintain normoglycaemia (BGC =90 mg dI~1 or 5.0 mmol I"1). The
authors concluded that SLS administration was effective in moderately hypoglycaemic
children.

Discussion

Interpretation of findings

The WHO currently defines hypoglycaemia as blood glucose <2.5 mmol 171 in a sick infant/
child without severe malnutrition [7]. This definition is based on observational studies
linking low blood glucose measurements to poor outcomes and subsequent expert opinion
on the need for treatment. There is an absence of evidence on whether treatment of
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hypoglycaemia improves clinical outcomes. Recent treatment studies continue to use
different definitions of hypoglycaemia in inclusion and outcome criteria. The findings from
the KDH data suggest that BGCs < 4.0 mmol I=1 are associated with ORs for death already
>2.0 with a steady rise in the OR for death as BGC reduces further. No clear-cut threshold of
BGC was observed resulting in a ‘step-change’ increase in OR for death in admitted infants
and children could be identified. In this population, the WHO threshold (<2.5 mmol I"1) and
the current Kenyan guideline threshold (<2.2 mmol 171) would result in 8.1% and 6.5% of
admissions warranting treatment, respectively. While there is current consensus that
hypoglycaemia, however defined, warrants treatment, we lack evidence that treatment
improves outcomes. The data we present indicate that a pragmatic RCT of treatment for
children admitted with BGC between 2.2 mmol 171 and 4.0 mmol I1 might be warranted.

An influential expert review of evidence recommends that no action is required in healthy,
term, newborn babies who are asymptomatic and feeding even if a measured blood glucose
is <1.1 mmol 171 [8]. This review encouraged early and exclusive breastfeeding as an
adequate and safe means to prevent hypoglycaemia; and, additionally, thermal regulation—
through skin-to-skin contact and ‘kangaroo care’—was found important in the prevention of
hypoglycaemia in the neonatal period.

The findings from the two included RCTs also demonstrate that repeated doses of 0.2 g kg1
of SLS is a child-friendly, feasible and effective alternative to 1V glucose in raising blood
glucose levels in critically sick children aged 6 months to 15 years. It is therefore
recommended as a “first-aid’ measure, for example, as part of pre-referral care, while
awaiting 1V glucose and could potentially avert the need for 1V bolus glucose.

Conclusions

Definitions of hypoglycaemia are based on observational data and expert opinion. Treatment
of hypoglycaemia in sick newborns, infants and children is based on consensus opinion, but
the treatment has not been proven to improve outcomes (absence of evidence). As risk of
mortality in those aged 1-59 months increases significantly as BGC falls even <4 mmol 171,
large, pragmatic randomized trials might help define appropriate treatment thresholds in the
future. Additional studies would be helpful to establish when and how best to treat
hypoglycaemia in sick newborns. We further note that SLS appears to be a child-friendly,
feasible and effective therapy in the correction of hypoglycaemia, particularly, in situations
where administering IV dextrose is delayed or impossible.
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FIG. 1.
OR of pre-discharge mortality at set BGC thresholds and their 95% Cls (ORs were

calculated by dividing odds of death when BGC falls below the set-point with odds of death
when BGC is above the set point).
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FIG. 2

ORs of pre-discharge mortality at set BGC and their 95% Cls in patients with a malaria
diagnosis.
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