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Neonatal hypoglycemia: glucose gel efficacy in the treatment of early
hypoglycemia in newborns with risk factors. Randomized clinical trial
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What do we know about the subject matter of this study? What does this study contribute to what is already known?
Neonatal hypoglycemia is a frequent metabolic disorder in new- This randomized clinical study of equivalence between the admi-
borns with risk factors. The administration of 40% glucose gel in nistration of 40% glucose gel and infant formula, in the face of as-
the oral mucosa represents an effective treatment, with no adverse ymptomatic neonatal hypoglycemia in newborns with risk factors,
events described and at a low cost, avoiding undesirable mother- shows less success with glucose gel than with formula, with no di-
infant separations and favoring breastfeeding at discharge. fference in the risk of hospitalization.
Abstract Keywords:
Newborn;

Hypoglycemia is the most frequent metabolic disorder in newborns; the administration of 40% glu-  Njeonatal
cose gel in the oral mucosa could be as effective in its correction as the administration of formula 4 1 .

. . . . . . ypoglycemia;
milk, not interfering with breastfeeding. Objective: To evaluate the efficacy of 40% glucose gel com- Asymptomatic
pared with formula milk in the treatment of early asymptomatic hypoglycemia in newborns with risk Hypoglycemia;
factors. Patients and Method: Randomized clinical trial, non-inferiority, conducted in a private hos- Risk Factors: ’
pital. Newborns attended in rooming-in with the following risk factors were included: late preterm, Glucose Gel)

large and small for gestational age at term, and children of diabetic mothers. In the presence of hy-
poglycemia, one group received 40% glucose gel (A) in the oral mucosa and another group received
formula milk (B). Therapeutic failure was considered as persistence or repetition of hypoglycemia in
the first 48h of life. Results: 866 NBs with risk factors were registered over 36 month; 278 (32.1 %)
presented hypoglycemia; 105 NBs in group A and 115 in group B completed the study. 75 (71 %) NBs
in group A and 104 (90,4 %) in group B achieved hypoglycemia correction. After analyzing the trends
obtained, it was decided to discontinue the study. Conclusions: The administration of 40% glucose
gel was not equivalent to the administration of formula milk in the treatment of early asymptomatic
hypoglycemia in newborns with risk factors.
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Introduction

Neonatal hypoglycemia (NH) is detected in 10-
15% of newborns (NB) and is a preventable cause of
brain damage'. The fetus depends on the flow of glu-
cose across the placenta to meet its metabolic demand.
After birth, glucose levels drop sharply during the first
4 to 6 hours, with homeostasis depending on adequate
glycogen storage and balance between glucose-regulat-
ing hormones (insulin-glucagon). This physiological
process can be altered, mainly in children with risk
factors.

There are discrepancies in normal glycemia val-
ues in newborns during the first hours of life. Marvin
Cornblath, a pioneer in describing NH and its treat-
ment, stated in 2000 that its definition remained con-
troversial®.

The American Academy of Pediatrics (AAP) es-
tablishes NH as < 25 mg/dL (1.4 mmol/L) in the first
4 h, < 35 mg/dL (2.0 mmol/L) between 5 and 24 h,
and < 45 mg/dL (2.5 mmol/L) from the second day’.
However, the Pediatric Endocrine Society establishes
somewhat higher values*.

In 2019, a review of standard practices in NH,
published by the Fetal-Neonatal Studies Committee
(CEFEN) of the Argentine Society of Pediatrics, de-
fines NH with a blood glucose value < 47 mg/dl (2.6
mmol/L) from 24 h of life; adhering to the AAP defini-
tions for the first day®.

Essentially, all these recommendations establish a
relationship with psychomotor development; they are
observational data and expert opinion (low quality of
evidence), concluding that blood glucose values should
be maintained > 40 mg/dl in the first hours of life and
> 45 mg/dl until 48 h. Two studies published in 1988
concluded that there would be no neurodevelopmental
risk with blood glucose values > 47 mg/dl in the first
days of life. Dani and Corsini question whether these
values are currently acceptable®®.

Van Kempen et al. in the HypoEXIT Study Group
described in late preterm and term newborns with risk
factors for hypoglycemia, values of 36 mg/dL and 47
mg/dL in the first two days that were not associated
with differences in psychomotor development at 18
months of life’.

The classic treatment of asymptomatic NH with
infant formula could interfere with breastfeeding, a bi-
ological process of great importance for the newborn
both in the short- and long term. Since 1991, the “Ba-
by-Friendly Hospital” initiative (WHO-UNICEF) has
been promoting the implementation of practices that
protect and support breastfeeding'. Perrine et al. em-
phasize that a determining factor in continuing exclu-
sive breastfeeding is the support of breastfeeding from
birth and reaffirming it during the hospital stay'’. Also,
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Walker M. affirms that the incorporation of a single
bottle with formula could alter the intestinal flora for
4 weeks'%.

Therefore, there is a need for a valid therapeu-
tic option that resolves asymptomatic NH in term or
near-term NBs, without the use of formula or hospital-
ization, which alters the mother-child relationship. In
2013, Harris et al. developed a promising therapy using
40% glucose gel to resolve hypoglycemia in asymptom-
atic neonates with risk factors since its administration
on the oral mucosa with its developed vascularization
would favor its rapid absorption. The authors describe
it as a reliable, safe, effective, and low-cost treatment,
with no reports of adverse effects in a follow-up at 2
years®. In a recent Cochrane review, the Liggins Insti-
tute of New Zealand chaired by Jane Harding, ratifies
the usefulness, simple administration, and lack of risk
of 40% glucose gel to correct asymptomatic hypoglyce-
mia in newborns in the first days of life'.

The objective of this study was to evaluate the effi-
cacy of 40% glucose gel compared with infant formula
in the treatment of early asymptomatic hypoglycemia
in newborns with risk factors.

Patients and Method

Randomized clinical trial (RCT). Equivalence or
non-inferiority evaluation study conducted at the
Neonatology Service of the Hospital Privado de Sur
(HPS), in Bahia Blanca, Argentina, between July 1°
2017, and June 30, 2020 (36 months). All NBs seen in
the mother/child joint hospitalization wing, with risk
factors for developing asymptomatic NH in the first
48 h of life were included. Inclusion criteria were: 1)
term NB (37 to 41 weeks 6/7 days: child of a diabetic
mother (CDM) treated with insulin or oral hypogly-
cemic agents; small for gestational age (SGA: < P10)
and large for gestational age (LGA: > P90) according
to Argentine population references'¢; 2) late preterm
NB (35 to 36 weeks 6/7 days). Exclusion criteria were:
1) newborns admitted to neonatal care units, 2) new-
borns with oral mucosal disorders that prevented the
gel administration, 3) newborns with clinical signs
compatible with hypoglycemia or glycemia less than
25 mg/dL, confirmed by serum determination, and 4)
refusal of their parents to participate in the study.

After a pilot test, with the consensual methodology
and training of the personnel in charge of the study,
the incorporation of cases in both groups was initiated.

Intervention

All newborns are placed in skin-to-skin contact in
the first hour of life and subsequently receive breast-
feeding on demand. In the reception room, informed
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consent was given to the relatives of the newborns who
met the inclusion criteria. Once the consent was ac-
cepted, the patients were selected, according to a sim-
ple randomization table drawn up “ad hoc”, to receive
40 % glucose gel 0.5 ml/kg in the oral mucosa (Group
A) or infant formula (starter formula) 9 ml/kg by sy-
ringe suction (Group B)Y. The proposed intervention
covered the first 48 h of life.

The newborns admitted to the study started the
first glycemic measurement at two hours of life. In this
first measurement, the cut-off value was set at 35 mg/
dL. Lower values were reconfirmed by the central lab-
oratory of the hospital. The presence of hypoglycemia
indicated treatment according to the assigned group:
40% glucose gel (Group A) or infant formula (Group
B). Successive measurements were established at one
hour in case of hypoglycemia (cut-off value 47 mg/dL)
or every 2 h in case of normal values. The maintenance
of blood glucose levels above the established cut-off
value extended the serum measurements to 12, 24, and
36 hours of life.

Failure was considered when the NB persisted with
hypoglycemia in two consecutive or three alternating
measurements after the indicated treatment twice. The
intervention proposed in this study covered the first 48
h of life.

In the case of therapeutic failure, a neonatologist
evaluated the approach to be followed according to
the condition of the NB (sensorium, attitude, suck-
ing, thermoregulation). In the absence of pathological
clinical signs, infant formula was administered to both
groups, and if hypoglycemia recurred, intravenous
correction was indicated; in both cases without inter-
rupting breastfeeding.

Administration of the gel: the dose was divided into
halves and applied by nursing personnel to the oral
mucosa (inner face of both cheeks) in a gentle mas-
sage, using biosafety gloves (Figure 1). The preparation
of 40% glucose gel was carried out in the Institution’s
pharmacy as a costumised medication; it was replaced
every two weeks.

Administration of infant formula: procedure car-
ried out by nursing staff.

Preprandial blood glucose measurements were ob-
tained by Accu-Chek® Active meter (Roche Laborato-
ries), in the baby’s room and measured in mg/dl.

Statistical analysis: The sample size was calculated
in 306 NBs for each group. Hypothesis test for com-
parison of proportions, with power 0.90 to detect a
difference of 0.05 when the proportions are approxi-
mately 0.95, considering alpha = 0.10. The Statgraph-
ics Centurion XV software was used for data analysis.

The research protocol was approved by the Teach-
ing and Research Committees of the HPS and Bio-
ethics of the Hospital Municipal “Leénidas Lucero” of
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Bahia Blanca (date 6-15-2017). Informed consent was
approved by the Legal Affairs Office of the HPS.

During the study period, 4,336 births were regis-
tered, and 866 (20 %) met the inclusion criteria (Table
1).

Metabolic measurements were performed in 782
neonates (90.2 %) (Figure 2). 278 (35.5 %) presented
hypoglycemia. Two NBs were diagnosed with poly-
cythemia and required hospitalization, as well as two
NBs with blood glucose levels below 25 mg/dl (both
children of diabetic mothers); 23 parents or caregivers
(8.3%) refused to participate in the study and the NBs
received infant formula for the correction of asymp-
tomatic NH; the rest of those excluded' were due to
errors in collecting or reading the samples.

A total of 241 NBs were included in the study, 118
(49 %) in Group A (glucose gel) and 123 (51 %) in
Group B (infant formula). One NB in Group A pre-
sented clinical signs of hypoglycemia, requiring imme-
diate intravenous correction. Follow-up was complet-
ed by 107 in Group A and 115 in Group B (Figure 2).

The neonates randomly assigned to each treatment
constituted comparable groups for the evaluation of
the efficacy of the treatments proposed for the correc-
tion of asymptomatic NH (Table 2).

In group A, 76 NBs (71 %) responded to treatment
while 104 NBs (90.4 %) did so in group B, this dif-
ference being statistically significant (p-value < 0.001)
(Table 3). The 95% confidence interval for estimating
the difference in failure proportions between the two
groups was [0.092555 - 0.295445].

The NBs who did not respond to the assigned ther-
apy and required hospitalization for correction with
intravenous glucose were similar in both groups, with
3/31in group A and 2/11 in group B. (Table 3). Breast-
feeding was maintained in all cases:

Table 4 describes the clinical characteristics of the
NBs who did not respond to the therapy. The main risk
factor in both groups was LGA. The time observed for
therapeutic failure was mainly in the first 24 h (81%).

In the original protocol of the RCT, internal safety
analysis of the results obtained with the participating
methodologists (LG and MG) at the mid-term of the
trial was established. However, the observations made
by the intervening actors (nurses and physicians) has-
tened this analysis once the third part of the sample
calculation had been obtained. The hypothesis test re-
jected the equality of failure proportions with a value
of p < 0.001, concluding that, in order to reverse the
results observed up to that moment and to be able to
demonstrate that both treatments were equally effec-
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Figure 1. Administration of 40% glucose gel. Practice performed by nursing staff; the NB remains in the mother’s arms.

tive, it would be necessary that in the next 200 NBs to
be incorporated in each group, only 3 NBs should fail
in group A.

Assuming the almost null probability of achieving
these results, it was decided to discontinue the study,
with the prior acceptance of the intervening commit-
tees.

Discussion

Attempting to demonstrate therapeutic inter-
changeability was the primary objective of this RCT.
The non-equivalence between the administration of
40% glucose gel and infant formula for the correction
of asymptomatic NH was the main finding.

Pediatricians and neonatologists are aware that NH
is a preventable cause of brain injury'®; it affects 10-
15% of NBs and approximately half of at-risk NBs"?
and is associated with adverse sequels on many occa-
sions®. It is of scientific interest to find effective ther-
apies for its correction, without interfering with the
mother-child relationship and breastfeeding.

With the commitment undertaken by the Institu-
tion as a “mother-child friendly hospital” since 1997,
we decided to evaluate a therapeutic option to replace
the administration of infant formula as initial thera-
py in the correction of asymptomatic NH. We did not
find any reports in the literature that compared similar
therapies used in our trial.

The work published by Harding J et al. from New
Zealand, pioneers in the administration of glucose gel
for the correction of asymptomatic NH, used placebo
(0 mg of glucose) as the control group'?; this is not a

Table 1. Characteristics of the population with risk factors for

neonatal hypoglycemia

Newborns with risk factors for hypoglycemia

Sex
Female
Male

Gestational age (weeks)
Average
Median

Range

Birth weight (grams)
Average
Median

Range

Risk factors
LGA
SGA
Infant of a diabetic mother
Late preterm

Combinations

866/4336 (20%)

422 (48.7%)
444 (51.3%)

38.3
38
35-41

3500
3740
2060 - 4960

531 (61.3%)
188 (21.7%)
37 (4.3%)
90 (10.4%)
20 (2.3%)

LGA: Large for gestational age. SGA Small for gestational age.

minor fact when analyzing their favorable therapeu-
tic outcome. The bioavailability of carbohydrates and
their route of administration could be related to the
different therapeutic responses. An intake of 200 mg/
kg of 40% glucose gel in the oral mucosa compared
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866 PATIENTS
WITH RISK FACTORS

EXCLUDED 84 (9.6%)
*Lack of glycemic control: 26
*Infant formula from birth: 10
*Hospitalization: 42 (6 polycythemia)
*Not specified: 6

782 patients
504 DO NOT PRESENT HYPOGLYCEMIA | 278 HYPOGLYCEMYA (35.5%) |
(64.5%) /\
241 RANDOMIZED EXCLUDED: 37 patients (13.3%)
PATIENTS (86.7%) . Refused to participate in the study : 23 (8.2% of all hypoglycemia)
. No hypoglycemia detected: 7
. Hypoglycemia <0.25 g/dI: 2
. Syntomatic polycythemia: 2
- Not randomized: 3
40% GLUCOSE GEL: 118 (49%) INFANT FORMULA: 123 (51%)
EXCLUDED : 11 (9.3%)
*Missing control: 3 EXCLUDED: 8 (6.5%)
* Hypog. Is not corrected: 2 *Missing control: 5
* Syntomatic polycythemia: 1 *Hypog. Is not corrected: 1
« Infant formula: 4 *Syntomatic Hypoglycemia: 2
* Syntomatic Hypoglycemia:1
40% GLUCOSE GEL: 107 INFANT FORMULA: 115
SUCCESS: 76 (71%) FAILURE: 31 (29%) SUCCESS: 104 (90.4%) FAILURE: 11 (9.6%)

Figure 2. Studied population according to inclusion-exclusion criteria and randomized into Group A (40% Glucose gel) and B (Infant formula).

Table 2. Comparison of newborns analyzed according to treatment received (n: 222)

40% Glucose gel Infant formula p value

Infants 107 115
Sex*

Female 57 (25.7%) 56 (25.2%) 0.496

Male 50 (22.5%) 59 (26.6%)
Risk factors

SGA 23 26 0.581

LGA 63 65 0.927
Infant of diabetic mother 6 4 0.445
Late preterm 15 20 0.788
Birth weight (grams) 3399.28 3440.93 0.651
Gestational age (weeks)*

35 1 (0.5%) 0 0.362

36 14 (6.3%) 20 (9%)

37 10 (4.5%) 14 (6.3%)

38 2 (14.4%) 6 (16.2%)

39 26(11 7%) 2 (14.4%)

40 22 (9.9%) 12 (5.4%)

41 2 (0.9%) 1 (0.5%)

*Percentages are expressed in relation to the total number of patients. LGA: Large for gestational age. SGA Small for gestational.

74 ebitoriaL_qiku



Neonatal Hypoglycemia - M. del C. Covas et al

with 600 mg/kg with infant formula by enteral route,
as in this trial, should not have an equivalent response.

Harris et al. describe a population of NBs at risk
for asymptomatic NH with an incidence close to 50%,
higher than that reported in this study (35.5%). Proba-
bly, the population’s diversity is the cause of these find-
ings. The risk groups for developing asymptomatic NB
are similar in the different studies observed, including
LGA, SGA (some include intrauterine growth restric-
tion), children of diabetic mothers with their differ-
ent classifications, and late preterm newborns (35-36
weeks 6/7).

The timing and duration of screening, as well as the
threshold for brain injury remain uncertain. The lack
of consensus among the different scientific societies in
determining blood glucose values reflects the paucity
of evidence on long-term outcomes following asymp-
tomatic NH**. However, prospective follow-up of a
2-year cohort presented in the CHYLD study was not
associated with adverse neurological outcomes in NBs
> 35 weeks with the proposed blood glucose values by
the AAP (> 47 mg/dl - 2.6 mmol/L)**.

Stewart et al. promote a multidisciplinary initiative
(“Baby Friendly”) for the correction of early hypo-
glycemia, with the use of glucose gel as the first line
treatment; resulting in reduced use of infant formula
and admissions to the neonatal unit, along with a par-
allel increase in breastfeeding at 3 months*. Harding
J. et al. further extend its indication and recommend
its preventive administration in late preterm or term
newborns with aggravating factors®.

Analytical errors in blood glucose determination,
due to the diversity of operators involved, have proba-
bly been equally distributed in both groups®. Likewise,
Solimano et al. reported different concentrations of
glucose in commercial 40% gel preparations, another
possible cause of error in the amount administered?.

Deciding to discontinue a study under develop-
ment is not a simple task; internal quality analyses
make it possible to analyze failures and therapeutic fu-
tility and to continue with the trial, thus saving time
and resources; in addition, the institution’s commit-
tees facilitated the task?.

Summarizing the strengths and weaknesses of this
RCT, we can mention the lack of trials reported with
similar therapeutic characteristics and the suspension
of the trial when it was shown that there was no possi-
bility of reversing the results, with the consequent low
number of cases included. Perhaps we can add the lack
of knowledge of undiagnosed gestational diabetes as a
cause of NH in the newborn LGA.

Vain N and Vain-Chiarelli raise more doubts than
certainties in the diagnosis and treatment of NH;
they consider a possible overdiagnosis with invasive
therapies in mostly healthy NBs*?’. It has been an
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open-ended story since its first publication in 1937 and
has been ratified in recent decades>* .

In summary, despite not being able to demonstrate
the equivalence of both therapeutic approaches in the
correction of asymptomatic NH in late preterm or
term NBs with aggravating factors, we believe that the

Table 3. Results according to treatment received

40% glucose gel Infant formula p value
(107) (115)
Responded to treatment
Infants 76 (71%) 104 (90.4) < 0.001
Hospitalized
Infants 3/31 2/11 NS

Table 4. Characteristics of randomized NBs who failed the
administered treatment

40% glucose gel

Infant formula

N° de pacientes 31 11

Sex
Female 4 (45.2%) 6 (54.5%)
Male 7 (54.8%) 5 (45.5%)

Gestational age (weeks)

Range 36 - 41 36 - 40

Average 38.2 38

Median 38 38
Birth weight (grams)

Range 2060 - 4140 2200 - 4290

Average 3332.5 3502.2

Median 3580 3710
Risk factors

LGA 17 (54.8%) 7 (63.6%)

SGA 8 (25.8%) 1 (9.1%)

Late preterm 4(12.9%) 2 (18.2%)

Infant of diabetic mother 2 (6.5%) 0

LGA + Infant of diabetic mother 0 1 (9.1%)
Moment of first hypoglycemia (hours of life)

2 3 (9.7%) 0
4 8 (25.8%) 3(27.2%)

12 1(35.5%) 4 (36.4%)

24 1 (3.2%) 4 (36.4%)

36 7 (22.6%) 0

48 1 (3.2%) 0

GEG: grande para edad gestacional. PEG: pequeno para edad gestacional.
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use of minimally invasive procedures that maintain
the mother-child relationship in its broad concept and
with controlled follow-up is necessary. The adminis-
tration of 40% glucose gel is a simple, safe, and low-
cost procedure; in fact, its administration was favor-
able in 71% of the NBs included in the study group,
without requiring more hospitalization compared with
the group that received infant formula.

Extensive multicenter protocols are needed to vali-
date the use of glucose gel in low-risk populations with
asymptomatic NH, avoiding undesirable dietary inter-
ference and separation of the mother-child binomial.

Conclusions

In this study, the administration of 40% glucose
gel was not equivalent to the administration of infant
formula for the correction of asymptomatic neonatal
hypoglycemia in late preterm or term NBs with risk
factors.
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