




Effectiveness of oral glucose gel in neonatal hypoglycemia – a randomized controlled trial


ABSTRACT
Background
Preterm infants are at higher risk of hypoglycemia. Feeding, oral glucose gel and IV dextrose are methods of correction of hypoglycemia. This study focuses mainly on the effectiveness of oral glucose gel in neonatal hypoglycemia when compared to IV dextrose.

Methods
This was a prospective interventional randomized controlled study. Neonates born after completion of 32 weeks of gestation with blood glucose levels less than 45 mg/dl were randomized into two groups: one receiving 40% oral glucose gel and the other receiving intravenous 10% dextrose. Blood glucose levels were monitored at defined intervals to assess treatment efficacy and rebound hypoglycemia.

Results
Out of 250 neonates included in the study. 126 received oral glucose gel, and 124  received intravenous dextrose. Among neonates treated with oral glucose gel, 105 (84%) achieved euglycemia at 30 minutes, whereas 123 (99%) neonates in the IV dextrose group achieved euglycemia. IV dextrose was significantly more effective than oral glucose gel in correcting hypoglycemia (p < 0.05). Rebound hypoglycemia occurred in 6 neonates in the oral glucose gel group and 7 neonates in the IV dextrose group.

Conclusions
Oral 40% glucose gel is effective in correcting neonatal hypoglycemia. However, IV 10% dextrose is more effective than oral glucose gel in correcting hypoglycemia
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INTRODUCTION
Prolonged hypoglycaemia has severe adverse effects on the neonatal brain.¹˒² An urgent intervention is necessary to correct neonatal hypoglycaemia. Feeding, oral glucose gel, and intravenous (IV) dextrose are commonly used methods for correction.¹˒⁶ With the oral glucose gel method, the time taken for initiation of treatment is minimal compared to IV dextrose, thereby helping prevent adverse neurological outcomes.³˒¹³
Several studies have established the safety of oral glucose gel in reversing neonatal hypoglycaemia.³˒⁴ This study focuses mainly on the effectiveness of oral glucose gel in neonatal hypoglycaemia when compared to IV dextrose in Indian neonates.⁵˒⁶

METHODS
This study was conducted over a period of two year. The study population included neonates born after completion of 32 weeks of gestation. Neonates with blood glucose levels less than 45 mg/dl were considered eligible for inclusion. The study included neonates whose parents gave consent to participate, who were clinically stable with respect to cardiorespiratory and gastrointestinal systems, and had a birth weight of more than 1500 grams with good sucking ability.
Neonates were excluded if they were symptomatic with severe hypoglycemia, had congenital malformations, syndromic features, or had received any previous treatment for neonatal hypoglycemia. Additional exclusion criteria included neonates with oral mucosal ulcers or strictures interfering with absorption of oral glucose gel, babies in shock, neonates withdrawn from the study or referred for surgery, and preterm babies born before 32 weeks of gestation.
Study design and randomization
The study was designed as a prospective interventional randomized controlled trial. CTRI registration number is CTRI/2020/01/022678. Eligible neonates were randomized into two groups in a 1:1 ratio using computer-generated random numbers. Randomization was stratified based on sex (male, female) and gestational age (preterm 32–33 weeks, late preterm 34–36 weeks, and term 37–40 weeks). Allocation concealment was ensured using serially numbered opaque sealed envelopes (SNOSE method). 

Study setting and population
The study was conducted in the Neonatal Intensive Care Unit of Pragna Children Hospital, Hyderabad. Neonates satisfying the inclusion criteria were enrolled after obtaining informed parental consent. The study population consisted of neonates born after completion of 32 weeks of gestation and presenting with blood glucose levels less than 45 mg/dl.

Intervention protocol
Neonates were randomized into two groups:
Group 1: Oral glucose gel group
Neonates received 40% oral glucose gel administered at a dose of 200 mg/kg. The gel was applied to the buccal mucosa and gently massaged to enhance absorption. The baby was encouraged to feed following administration of the gel.
Group 2: Intravenous dextrose group
Neonates received intravenous 10% dextrose at a dose of 2 ml/kg.
Blood glucose levels were measured 30 minutes after intervention in both groups. If blood glucose levels were less than 45 mg/dl after 30 minutes, intravenous dextrose was initiated and blood glucose was rechecked after 30 minutes.
If blood glucose levels were greater than 45 mg/dl, monitoring was continued at 30 minutes, 2 hours, and 6 hours, and subsequently every 6 hours up to 48 hours to assess for rebound hypoglycemia.
All neonates were closely monitored during the study period, and any adverse effects were promptly managed.

Administration of oral glucose gel
Glucose gel was administered by applying it to the buccal mucosa, which is highly vascularized and allows rapid absorption. The dosing was weight-based as follows: as 0.5 ml per kg, example 2.0 kg – 1.00 ml. The dose was divided equally between both cheeks. Gentle massage of the cheek was performed to aid absorption. The procedure was repeated if required. Rebound hypoglycemia was defined as an episode of hypoglycemia occurring within 6 hours after successful treatment (blood glucose ≥45 mg/dl for at least 1 hour).

Outcome measures
Primary outcome
The primary outcome measure was correction of hypoglycemia, defined as achievement of blood glucose levels ≥45 mg/dl at 30 minutes after intervention.
Secondary outcomes
Secondary outcomes included:
· Sustained euglycemia over 48 hours
· Rebound hypoglycemia within 6 hours after initial correction
· Comparison of treatment efficacy based on gestational age, sex, presence of sepsis, and day of life

Method of measurement of outcome
Blood glucose levels were measured using capillary blood samples obtained via glucometer using the glucose oxidase method, which has an accuracy of ±15% or ±15 mg/dl in more than 95% of measurements. When hypoglycemia was detected, venous blood samples were sent for laboratory confirmation.
Blood glucose levels were assessed at 30 minutes, 2 hours, 6 hours, and subsequently every 6 hours up to 48 hours following intervention.

Data collection
Neonatal identification data, antenatal history, birth history, and examination findings were recorded using a structured data collection form.

Statistical analysis
Data were entered into Microsoft Excel and analysed using MedCalc and Social Science Statistics software. Categorical variables were expressed as frequencies and percentages. Odds ratio, relative risk, and risk difference were calculated with 95% confidence intervals. Statistical significance between proportions was assessed using the Chi-square test. A p-value of less than 0.05 was considered statistically significant.

Ethical considerations
The study was approved by the institutional ethics committee. 

RESULTS

Study population
Out of 258 eligible neonates., 8 were excluded, and 250 neonates were finally included in the study. Among the 250 neonates, 75 (30%) were term, 85 (34%) were late preterm, and 90 (36%) were preterm babies. 145 (58%) were male and 105 (42%) were female 

Baseline demographic and clinical characteristics of the study population were comparable between the two groups.
The mean birth weight in the oral glucose gel group was 2.52 kg and in the IV dextrose group was 2.46 kg. The mean blood glucose levels in the oral glucose gel group were 38 mg/dl and in the IV dextrose group was 35 mg/dl.

Among 126 neonates who received oral glucose gel, 38 were term, 43 were late preterm, and 45 were preterm. Among the 124 neonates in the IV dextrose group, 37 were term, 45 were late preterm, and 45 were preterm. Among 126 neonates randomized to the oral glucose gel group, 73 were male and 53 were female. In the IV dextrose group, 72 were male and 52 were female.

Primary outcome
Effectiveness of oral glucose gel and IV dextrose
	Out of 126 neonates treated with oral glucose gel, blood glucose levels increased in 105 (84%) after 30 minutes. Among 124 neonates treated with IV dextrose, 123 (99%) achieved euglycemia. Among the 21 s in whom hypoglycemia was not corrected following oral glucose gel therapy, 16 (76%) were preterm between 32–34 weeks of gestation, and 5 (24%) were above 34 weeks. Treatment failure was significantly higher among preterm below 34 weeks of gestation (relative risk 6.8861; 95% CI 2.6154–18.1304; p = 0.001). Among male neonates, hypoglycemia was corrected in 132 and not corrected in 12. Among female neonates, hypoglycemia was corrected in 96 and not corrected in 9. There was no statistically significant difference based on sex (relative risk 0.9722; 95% CI 0.4253–2.2226; p = 0.9468).
	
	


Among 139 neonates who were sepsis positive, hypoglycemia was corrected in 122 and not corrected in 17. Among 111 neonates without sepsis, hypoglycemia was corrected in 106 and not corrected in 5. There was a statistically significant increase in treatment failure in neonates with sepsis (relative risk 2.7151; 95% CI 1.0340–7.1296; p = 0.04).
Among neonates aged less than 48 hours, hypoglycemia was corrected in 94 and not corrected in 10. Among neonates older than 48 hours, hypoglycemia was corrected in 134 and not corrected in 12. There was no statistically significant difference (relative risk 1.1699; 95% CI 0.5253–2.6053; p = 0.7).

Comparison of blood glucose levels before and after intervention
The mean blood glucose levels before intervention were 38 mg/dl in the oral glucose gel group and 35 mg/dl in the IV dextrose group. After intervention, mean blood glucose levels increased to 68 mg/dl in the oral glucose gel group and 74 mg/dl in the IV dextrose group. Among oral glucose gel group, blood glucose levels increased in 105 (84%) neonates at 30 minutes. Sustained euglycemia was observed in 99 neonates. Rebound hypoglycemia occurred in 6 neonates. Out of 124 neonates treated with IV dextrose, rebound hypoglycemia was observed in 7 neonates. Relative risk for rebound hypoglycemia was 0.8435 (95% CI 0.2917–2.4394; p = 0.7535), indicating no statistically significant difference between the two groups.

DISCUSSION
Earlier studies have shown that treatment with 40% oral glucose gel along with feeding is effective in treating hypoglycemia when compared to feeding alone.³˒⁴
The present study provides evidence that oral 40% glucose gel is effective in treating neonatal hypoglycemia with a low risk of rebound hypoglycemia. This study demonstrated that treatment with oral glucose gel corrected hypoglycemia in 84% of neonates, which is comparable to previously published literature. Harris et al. reported correction of hypoglycemia in 76% of neonates treated with oral glucose gel, while Rawat et al. reported improvement in 74% of neonates treated with glucose gel.³˒⁵ These findings reinforce the role of oral glucose gel as an effective first-line intervention for neonatal hypoglycemia.
The use of oral glucose gel offers several advantages. It is non-invasive, easy to administer, cost-effective, and does not require specialized equipment or expertise. Additionally, it allows infants to remain with their mothers, thereby promoting bonding and breastfeeding. These factors make oral glucose gel a practical and appealing option in both resource-rich and resource-limited healthcare settings.⁴˒¹⁵
Among neonates treated with IV dextrose, 99% achieved euglycemia compared to 84% in the oral glucose gel group. This difference was statistically significant, indicating that IV dextrose remains the most effective method for rapid correction of hypoglycemia.
Out of 126 neonates treated with oral glucose gel, 21 (16%) had persistent hypoglycemia, whereas only 1 out of 124 neonates (1%) treated with IV dextrose failed to achieve normoglycemia. The relative risk of treatment failure was significantly higher in the oral glucose gel group. These findings suggest that while oral glucose gel is effective, IV dextrose remains superior in terms of immediate glucose correction.
This observation supports the use of IV dextrose in hospitalized neonates who already have intravenous access, particularly in cases of moderate to severe hypoglycemia or when rapid correction is required.¹¹˒¹²
The present study found no statistically significant difference between oral glucose gel and IV dextrose in terms of rebound hypoglycemia. Rebound hypoglycemia occurred in 6 neonates treated with oral glucose gel and 7 neonates treated with IV dextrose. Statistical analysis showed no significant difference between the two groups.
These findings suggest that oral glucose gel does not increase the risk of rebound hypoglycemia when compared with intravenous dextrose. This supports the safety profile of oral glucose gel and reinforces its role as a viable initial treatment option in clinically stable neonates.³˒⁴˒¹⁶

Clinical implications
Oral glucose gel is a valuable intervention in settings where minimizing invasive procedures is desirable. Its ease of administration, low cost, and minimal training requirements make it suitable for use in resource-limited settings 
Oral glucose gel is feasible as a first-line treatment for asymptomatic neonatal hypoglycemia, particularly in late preterm and term neonates. In contrast, intravenous dextrose remains the preferred treatment modality for neonates who are already admitted, require or have intravenous access, or have severe or persistent hypoglycemia.

Strengths and limitations
The strengths of this study are randomized controlled design, adequate sample size, rebound hypoglycemia analyses and subgroup analyses ‘
Limitations are it’s in a single tertiary care centre, which may limit generalizability. Subgroup analyses, particularly those evaluating secondary outcomes, may have been underpowered due to smaller sample sizes. Outcomes such as duration of stay, feeding outcomes, and long-term neurodevelopmental follow-up were not assessed.

Summary of findings
Oral glucose gel is an effective, safe, and non-invasive option for the management of neonatal hypoglycemia, While IV dextrose remains superior in terms of rapid correction, 

CONCLUSIONS
40% glucose gel is feasible in treating hypoglycemia so that invasive procedure can be avoided and decreases NICU admission and before or while starting IV line. In NICU admitted neonates, where baby was already cannulated and there is availability of IV 10% dextrose, it is superior to 40% glucose gel.
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