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Background 

• Despite being a very common problem after birth, 

consensus on how to manage low glucose concentrations 

in the first 48 h of life has been difficult to establish and 

remains a debated issue.  

• One of the reasons for this is that few studies have 

provided the type of data needed to establish a definitive 

approach agreed upon by all.  



Background 

• However, some recent publications have provided much 

needed primary data to inform this debate.  

• These publications have focused on aspects of managing 

low blood glucose concentrations in the patients most at-

risk for asymptomatic hypoglycemia—those born late-

preterm, large for gestational age, small for gestational 

age, or growth restricted, and those born following a 

pregnancy complicated by diabetes mellitus.  



OBJECTIVES 

• To discuss specific aspects of this new research, in 

particular: 

– To focus on promising new data testing the role of buccal 

dextrose gel in the management of asymptomatic neonatal 

hypoglycemia. 

–  To highlight some of the clinical implications of a large, 

prospective study documenting the association of specific 

glycemic patterns with neurodevelopmental  outcomes at two 

years of age. 



What is the prevalence of this issue? 



Incidence varies depending on screening protocol and definition 

of hypoglycemia 

 



Universal screening 

(JAMA Pediatr 2015 Oct;169(10):913) 

The incidence of transient hypoglycemia in cohort study of 1,395 

infants who had universal glucose screening within 1-3 hours 

after birth was: 

 

• 6.4% for hypoglycemia defined as < 35 mg/dL 

• 10.3% for hypoglycemia defined as < 40 mg/dL 

• 19.3% for hypoglycemia defined as < 45 mg/dL 
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High risk screening 

(J Pediatr 2012 Nov;161(5):787) 

 
• 51% incidence of hypoglycemia reported in cohort 

study of 514 infants who had risk-based glucose 

screening and hypoglycemia defined as < 2.6 

mmol/L (47 mg/dL) 



Traditional management of asymptomatic 

hypoglycemia 
• The newborns most at risk for, and most frequently 

screened for, asymptomatic hypoglycemia include late 

preterm, LGA, SGA, and/or intrauterine growth restricted 

(IUGR) infants, and IDMs.  

• Frequent milk feedings with repeated glucose 

measurements is the current standard treatment for 

asymptomatic hypoglycemia in these groups of patients. 

 



Traditional management of asymptomatic 

hypoglycemia 
• This approach allows mothers and babies to remain 

together, provides nutrient substrates to support 

gluconeogenesis as it develops, and ensures that the 

hypoglycemia resolves.  



Traditional management of asymptomatic 

hypoglycemia 
• If hypoglycemia persists despite frequent milk feedings, a 

continuous intravenous dextrose infusion may be 

indicated.  



Problems with the traditional management 

of asymptomatic hypoglycemia 
• Intravenous dextrose infusions are not benign; they cause 

discomfort and stress due to the placement of an 

intravenous catheter, admission to a NICU, and physical 

separation of the mother and newborn which risks 

impairing the timely and successful establishment of 

breastfeeding and bonding.  

• Preventing these complications of intravenous dextrose 

infusions, while safely managing asymptomatic low 

glucose concentrations, has many potential benefits. 



     Dextrose Gel 



 

DEXTROSE GEL (Harris et al Lancet 

2013) 
 

• Large (n=514), randomized, placebo-controlled, double-

blinded study of buccal dextrose gel for the treatment of 

asymptomatic hypoglycemia, defined as a plasma 

glucose less than 47 mg/dL (2.6 mmol/L) irrespective of 

postnatal age.  

• The dextrose gel (200 mg/kg) or placebo gel was 

massaged into the infant’s dried buccal mucosa and the 

infant was encouraged to feed.  



DEXTROSE GEL (Harris et al Lancet 

2013) 
• If the baby still had a low glucose concentration 30 min 

after gel administration, or if the baby developed recurrent 

hypoglycemia, the treatment with study gel continued for 

a total of six doses over 48 h. 

• The specific characteristics of the populations studied 

included late preterm (35–36 weeks gestational age), 

LGA (>90th percentile or >4500 g), SGA/IUGR (<10th 

percentile or <2500 g), and IDM newborns. 



DEXTROSE GEL (Harris et al Lancet 

2013) 
• Dextrose gel  

– decreased the number of episodes of hypoglycemia,  

– decreased the recurrence rate of hypoglycemia,  

– increased exclusive breastfeeding rates at discharge,  

– and decreased the need for admission to the neonatal intensive 

care (NICU) unit to treat hypoglycemia. 

• The number of newborns needed to treat to prevent one 

admission to the NICU for hypoglycemia was only eight.  



DEXTROSE GEL (Harris et al Lancet 

2013) 
• Importantly, in this study the newborns regardless of 

randomization, were still managed with aggressive oral 

feeding (mostly breastmilk) to treat hypoglycemia.  

• There were no adverse events reported and continuous 

interstitial glucose monitoring (to which the care providers 

were blinded) did not identify more frequent, clinically 

unrecognized episodes of rebound or recurrent 

hypoglycemia in the dextrose gel group, thereby 

establishing short term safety.  



DEXTROSE GEL (Harris et al Lancet 

2013) 
• Of note, overall admission rates to the NICU for all causes 

were not statistically significantly different between groups 

(38 % in the dextrose gel group vs. 46 % with placebo 

gel) but the sample size was too small to show a 

difference in   this secondary outcome. 



DEXTROSE GEL (Harris et al Lancet 

2013) concerns 
• May dextrose gel treatment adversely impact long term 

neurodevelopmental outcomes ? Indeed theoretically, 

glucose gel leads to: 

– Potential delay in definitive treatment with intravenous 

dextrose, 

– rapid overcorrection and iatrogenic hyperglycemia,  

– And increased variability in glucose concentrations. 



Dextrose GEL (Harris et al Lancet 2013) 

Concerns 
• However information from continuous glucose monitoring 

sensors (CGMS), which was blinded to the caregivers, 

was reassuring regarding these concerns.  

• When the researchers looked at the CGMS data, 

however, they found that the time to achieve an interstitial 

glucose concentration greater than 47 mg/dL (2.6 mmol/L) 

with dextrose gel was as rapid as has been reported for 

correction with intravenous dextrose given at 8 

mg/kg/min–about twenty minutes.  



Dextrose GEL (Harris et al Lancet 2013) 

Concerns 
• CGMS data also showed that rebound hypoglycemia was 

rare in both groups and the incidence of recurrent 

hypoglycemia was less in the dextrose gel group.  

• These data support the safety and efficacy of the dextrose 

gel established by intermittent glucose sampling, however 

CGMS was only used in a subset of the patients in this 

study.  



Dextrose GEL (Harris  J Pediat 2016) 

2-year outcomes 
• 78 % of the original hypoglycemic cohort was available for 

assessment of outcomes at two years of age.  

• There were no differences between the dextrose gel 

group and placebo group for neurosensory impairment, 

processing difficulties, or secondary growth and 

developmental outcomes.  



Dextrose GEL (Harris  J Pediat 2016) 

2-year outcomes 
• The high rates of abnormal outcomes in both groups is 

concerning and should prompt further research into 

optimal management of these patients. 



Should we universally adopt Dextrose gel? 

• The study was quite large and included a broad 

representation of the main at-risk groups 

• But….  



Limitations of Harris studies 

1. it was a single center study (is it applicable everywhere?) 

2. The definition of hypoglycemia and treatment cut-off were 

both 47 mg/dL (2.6 mmole/L), irrespective of gestational and 

postnatal age (this definition does not take into account the 

age related changes in mean and lower limits of normal 

glucose concentrations that occur in the first days of life. 



Limitations of Harris studies 

3. The definition of hypoglycemia, screening frequency, and 

screening duration also may vary from what is used in some 

clinical practices 

4. The investigators used a very reliable point of care device, that 

uses the gold standard glucose oxidase method for 

measurement of plasma glucose concentrations, which is 

much more accurate than bedside glucometers 



Limitations of Harris studies 

5.  Glucose concentrations were measured at one hour of age, 

then before feeds every 3–4 h for the first 24 h of age, and 

then before feeds every 6–8 h for the next 24 h. This protocol 

identified 46 % of the enrolled patients as hypoglycemic, who 

were included in the study.  



Limitations of Harris studies 

5. (cont) This relatively high incidence of neonatal hypoglycemia 

in this population likely is due to: the rigorous and frequent 

screening protocol, the method used to measure glucose 

concentrations, the higher glucose concentration threshold 

that was used to define hypoglycemia compared to other 

published guidelines, and a definition of hypoglycemia that 

does not exclude infants who have low glucose 

concentrations during the normal physiological nadir that 

occurs in normal infants in the first  hours of life 



Limitations of Harris studies 

6. Treatment was tested in infants who were at-risk for 

hypoglycemia but were otherwise well-appearing and 

asymptomatic. The results cannot be applied to infants 

with severe, symptomatic, and recurrent hypoglycemia, 

and/or if the infant is not in one of the at-risk groups 

studied. 



Limitations of Harris studies 

7. The dextrose gel did not eliminate the need for 

intravenous dextrose therapy. Over 10 % of infants 

treated with dextrose gel in this study had an episode of 

rebound hypoglycemia and over 20 % had an episode of 

recurrent hypoglycemia after a documented normal 

glucose concentration 



Limitations of Harris studies 

7.  (cont) While these rates were similar to or better than 

those in the placebo group, practitioners should not be 

using this therapy without close follow up of subsequent 

glucose concentrations, clinical signs of hypoglycemia, 

and documentation of resolution of the hypoglycemia. 



Should we universally use dextrose gel? 

• Despite these limitations, the therapy appears safe and 

effective at preventing NICU admissions for hypoglycemia 

and it may be appropriate for some hospitals to adopt it 

into clinical practice.  



Cochrane (Hegarty JE et al 2017) 

• Oral dextrose gel reduced the risk of neonatal 

hypoglycemia in at-risk infants in a single trial.  

• Results showed no statistically significant differences in 

the number of adverse events or in risk of separation of 

infant from mother for treatment of hypoglycaemia 

between babies who received oral dextrose gel and those 

given placebo.  

• Caution is suggested in interpreting data for the latter two 

outcomes owing to low event rates. 



Cochrane (Hegarty JE et al 2017) 

• Available evidence is limited to a cohort of at-risk infants, 

most of whom were infants of diabetic mothers and were 

treated on the postnatal ward.  

• Minimal data available for many of the prespecified 

outcomes of this review showed no long-term 

neurodevelopmental and disability outcomes.  

• Additional evidence is needed to assess the efficacy and 

safety of dextrose gel for prevention of neonatal 

hypoglycaemia. 



Continuous glucose 
monitoring 



Continuous Interstitial Glucose Monitoring 
(glucose every 5 mins)  CGM 

Provided Courtesy of Jane Harding 



Low Glucose Concentrations Are More Common 

Than Clinically Recognized 

81% not detected by Plasma Sampling 

81% 19% 

Low glucose concentrations are also common in normal newborns 

Physiologic importance of undetected low CGM is unknown  

N=102 @ risk 

>32 weeks 

265 episodes 

<  47 on CGM 

 

107 episodes CGM 

lasted > 30 mins, 75% 

of those not detected on 

blood sampling 
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Incidence of Neonatal Hypoglycemia in Babies Identified 

as at Risk In The First 48 Hours Of Life < (“47”) 

• At risk groups - SGA, IDM, LGA, Late Preterm  (<2500,>4500g) 

• Plasma glucose measured before feeds q 3-8 first 48 hours (d/c 

levels after 3 consecutive normals) Glucose Oxidase 

 

 

• Dextrose gel and placebo gel  ( gel x 2 still <47, admit to NICU) 

Also expressed milk prior to delivery for IDM 

• These at risk groups represent over 25% of all newborns 

• At least 12.5% of all newborns have a low glucose concentration 

– >550,000/year in the United States 

– 10 % admitted to NICU and about  2 billion $/yr 

Harris, 2012 

514 

(100%) 

260 (51%) 254 (49%) 

Normal 

Glucose 

Low 

Glucose 
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Back to Harris study   

• Many episodes of hypoglycemia, documented by both blood 
obtained per their low glucose concentration screening 
protocol and CGMS measurements, resolved spontaneously, 
and were not associated with bedside nursing observations of 
clinical signs that might be interpreted as symptoms of 
hypoglycemia.  



The future for CGMS 

• While CGMS remains a research tool, Harris’ observation 
demonstrates the potential for CGMS to reduce unnecessary 
treatment for hypoglycemia.  

• For example, CGMS may identify patients in whom their low 
glucose concentrations have resolved prior to commencement 
of interventions. 



The future for CGMS 

• However, there also is the potential for CGMS to increase 
unnecessary treatment for hypoglycemia. For the clinician, 
CGMS or any other method that continuously provides glucose 
concentration data will present a challenge to the way we think 
about hypoglycemia.  



The future for CGMS 

• In fact, in the populations studied by Harris, et. al., 81 % of all 
episodes of hypoglycemia were recognized with CGMS only 
and not by routine clinical blood sampling.  

• There is very little information about the clinical significance of 
these episodes for long term outcomes, including which should 
be treated and whether such treatment would improve 
outcomes.  



The future for CGMS 

• It is possible, therefore, that identifying these episodes of 
hypoglycemia with CGMS could increase overtreatment of 
clinically insignificant low glucose concentrations.  

• This risk might outweigh the benefits of documenting more 
episodes of low glucose concentrations and avoiding treatment 
of those that resolve spontaneously, as well as the early 
detection of serious, recurrent hypoglycemia in patients with 
hyperinsulinemic hypoglycemia and other metabolic disorders 



WHAT DO WE KNOW?  

Asymptomatic hypoglycemia and 
neurodevelopmental outcome 



The McKinlay study, NEJM 2015 

• Neonatal hypoglycemia is common and can cause neurologic 
impairment, but evidence supporting thresholds for 
intervention is limited. 



The McKinlay study, NEJM 2015 

• Neonatal hypoglycemia is common and can cause neurologic 
impairment, but evidence supporting thresholds for 
intervention is limited. 

• Prospective cohort study involving 528 neonates with a 
gestational age of at least 35 weeks who were considered to be 
at risk for hypoglycemia 

• All were treated to maintain a blood glucose concentration of 
at least 47 mg per deciliter (2.6 mmol per liter).  



The McKinlay study, NEJM 2015 

• All were treated to maintain a blood glucose concentration of 
at least 47 mg per deciliter (2.6 mmol per liter).  

• Intermittent measurement of blood glucose for up to 7 days, 
with continuously monitoring of interstitial glucose 
concentrations, which were masked to clinical staff.  

• Assessment at 2 years included Bayley Scales of Infant 
Development III and tests of executive and visual function. 



The McKinlay study, NEJM 2015 

• Of 614 children, 528 were eligible, and 404 (77% of eligible 
children) were assessed 

• 216 children (53%) had neonatal hypoglycemia (blood glucose 
concentration, <47 mg per deciliter).  



The McKinlay study, NEJM 2015 

• Hypoglycemia, when treated to maintain a blood glucose 
concentration of at least 47 mg per deciliter, was not 
associated with an increased risk of the primary outcomes of 
neurosensory impairment (risk ratio, 0.95; 95% confidence 
interval [CI], 0.75 to 1.20; P=0.67) and processing difficulty, 
defined as an executive-function score or motion coherence 
threshold that was more than 1.5 SD from the mean (risk ratio, 
0.92; 95% CI, 0.56 to 1.51; P=0.74).  



The McKinlay study, NEJM 2015 

• Risks were not increased among children with unrecognized 
hypoglycemia (a low interstitial glucose concentration only). 
The lowest blood glucose concentration, number of 
hypoglycemic episodes and events, and negative interstitial 
increment (area above the interstitial glucose concentration 
curve and below 47 mg per deciliter) also did not predict the 
outcome. 



The McKinlay study, NEJM 2015 

• Main finding: In this cohort, neonatal hypoglycemia was not 
associated with an adverse neurologic outcome when 
treatment was provided to maintain a blood glucose 
concentration of at least 47 mg per deciliter.  



The McKinlay study, NEJM 2015, comments 

• Patients who did not have a plasma glucose lower than 54 
mg/dL (3.0 mmol/L) had worse outcomes than those newborns 
who did. By CGMS data, the average difference in glucose 
concentrations between those with worse outcomes and those 
with better outcomes was only 2.9 mg/dL (0.16 mmol/L).  



The McKinlay study, NEJM 2015, comments 

• Newborns who had more time with plasma glucose 
concentrations outside the range of 54–72 mg/dL (3.0–4.0 
mmol/L) did worse in terms of the highly sensitive 
neurodevelopmental outcomes than those who had more time 
within this concentration range.  

• Thus it is possible that sicker neonates are more metabolically 
unstable and have worse two year neurodevelopmental 
outcomes, and it is not necessarily the increased glucose 
concentration variability that caused the worse outcomes 



The McKinlay study, J Pediatr 2017 (5 years 
outcome) 

• Neonatal hypoglycemia was not associated with increased risk 
of combined neurosensory impairment at 4.5 years but was 
associated with a dose-dependent increased risk of poor 
executive function and visual motor function, even if not 
detected clinically, and may thus influence later learning.  

• Randomized trials are needed to determine optimal screening 
and intervention thresholds based on assessment of 
neurodevelopment at least to school age. 



THANKS 



 



 

Differential diagnosis 

 
• Falsely low glucose levels may be due to errors in 

collection or handling technique, including 

– heelstick sample taken by squeezing poorly perfused heel 
(hemolysis may falsely lower glucose reading) 

– sample drawn from inadequately flushed indwelling catheter 

– delay between collection and laboratory analysis 

– Reference - Early Hum Dev 2010 May;86(5):263 

• consider various causes of transient and persistent 
hypoglycemia 
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Glucose testing 

 

• rapid bedside reagent test strips (read with handheld 

reflectance colorimeter or electrode methods) 

• limited accuracy, but may be useful to avoid delay in starting treatment 

• results must be confirmed by laboratory methods 

• test strip readings may vary from actual level by 10-20 mg/dL (0.555-

1.11 mmol/L), with greatest deviation at low glucose levels 



Glucose testing 

 

• laboratory enzymatic testing methods (such as glucose 

oxidase, hexokinase, or dehydrogenase methods) 

• performed on whole blood or plasma 

• plasma glucose readings likely to be 10%-18% higher than whole blood 

values 



Continuous monitoring of interstitial 

glucose  

• may detect more asymptomatic hypoglycemia than intermittent 

blood glucose measurement but clinical significance unclear 

– Reference - J Pediatr 2010 Aug;157(2):198, editorial can be found in J Pediatr 

2010 Aug;157(2):180 
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Continuous monitoring of interstitial 

glucose  
• based on diagnostic cohort study without validation 

• 103 neonates born at ≥ 32 weeks gestational age, at risk for hypoglycemia, and 

admitted to neonatal ICU were assessed for blood glucose levels by intermittent 

glucose oxidase method and continuous interstitial monitoring 

 



Continuous monitoring of interstitial 

glucose  
• good correlation between intermittent and continuous glucose measurements 

(mean difference 0 mmol/L [0 mg/dL], 95% CI -1.1 to 1.1 mmol/L [-19.8 to 19.8 

mg/dL]) 

• 81% of 265 low interstitial glucose episodes detected by continuous monitoring 

were missed by intermittent blood measurement, including 73% of 107 episodes 

lasting > 30 minutes in 34 infants 

 



Glucose testing 

 
• Factors which may affect test results 

– errors in collection technique 
• heelstick sample taken by squeezing poorly perfused heel - hemolysis may 

falsely lower glucose reading 

• sample drawn from inadequately flushed indwelling catheter 

• comparing results from arterial vs. venous vs. capillary samples - arterial 
glucose levels are 10%-15% higher than venous levels, and capillary levels 
are between arterial and venous levels 

• delay between collection and laboratory analysis - may produce falsely low 
glucose value 

– high hematocrit may contribute to low glucose reading, especially in 
preterm neonates 

– Reference - Early Hum Dev 2010 May;86(5):263 
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WHAT IS A NORMAL BLOOD 

GLUCOSE? 
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     40 
 

   (2.2) 

60 

   30 
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47 

     55 – 110 

 

(3.0)      (6.0) 

Mg/dl 

(mmol/l) 
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20 

(3.3) 
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(2.0) 

Hypoglycemia                                       damage? 
Level 

duration 

(2.5) 

Operational threshold 

Nondisease term 

 50 

 

(2.7) 

36 

45 

“ pragmatic intervention thresholds” 

(that also provide a margin of safety) 

 



      Critical in AAP approach 

   Feed and Not Sample NADIR 

  Insulin 

 

  Glucagon (mobilize 

glycogen) 

Pildes 1986 

Postnatal Glucose Homeostasis 

1 

Figure 1: Profile of blood glucose concentrations in the immediate  

               postnatal period     



Srinivasan, 1986 

Maternal 

Glucose 

Concentrations 

Fetal Glucose 

Concentrations 

Marconi, 1996 

The Fetal Glucose “Set Point” Normally Persists For Up To 48       

Hours And Then Transitions To An Adult Set Point 

THE PES 

USES MEAN 

VALUES 

 

AAP USES 

LOWER 

RANGES FOR 

OPERATIONAL 

THRESHOLDS 

and CLINICAL 

CONDITION 

Transitional Neonatal Hypoglycemia 



Suppression of insulin occurs at a LOWER plasma glucose 

concentration in Term Newborns first 48 hours than Children or Adults 

HYPERINSULINISM (First 48 hours)    ( mmol x 18=mg/dl) 

Normal Suppression of Insulin Secretion in Children  (85 mg/dL); Term Baby (55-65mg/dl) First 48 hours only!   

Hawdon, 1993 

Transitional Neonatal Hypoglycemia 



Transitional Hypoglycemia Is 

Hyperinsulinemia 
   

• Mean plasma glucose for suppression of 
insulin secretion is 55-65 first 48 hours of life. 

 

• Mean plasma glucose level for suppression of 
insulin in older infants is  80 -85mg/dl  

      (Glucose sensor-insulin secretion changes 
after 48 hours of life) 

 

 Cant make the diagnosis of Persistent 
Hypoglycemic Syndromes until > 48    hours. 

 



Transitional Hypoglycemia Is 

Hyperinsulinemia 
   

 

• This Transitional newborn GLUCOSE THRESHOLD for 
suppression of insulin is at the same  level as 
neuroendocrine responses to prevent brain injury: insulin 
suppression, glucagon and epinephrine surge in the 
adult. “Neurogenic Response”  

 

• Therefore this Defines “normal” level for the first 48 hours 
of life (PES)………55 to 65 mg/dl. Their recommendation 
is for glucose > 50mg/dl first 48 hours. 

 

 

 



Neonatal Regulation of Plasma Glucose Levels  

“Beneficial Effects of Biochemical Hypoglycemia” 

• The fall in plasma glucose concentrations postnatally is believed to be essential for 

survival. Includes  increased glucose production by glycogenlysis and 

gluconeogenesis 

 

• Also stimulation of appetite, adaptation to fast-feed cycles and stimulation of fat 

metabolism. 

 

• Breast fed infants have lower plasma glucose concentrations than formula fed 

infants, but ketone levels are increased in response to breast feeding. 

 

• Normal physiologic response that all mammals have the  first days of life 



Approaches to Define “Hypoglycemia” 

  Epidemiological –Statistical  

 - Cross sectional data 

 - Longitudinal data 

 

•  Clinical: Based on clinical manifestations  

 

• Physiologic: Based on acute changes in metabolic and 
hormonal responses. (PES) 

 

• Outcomes: Based on neurologic and neurodevelopmental 
outcome.  (Functional Definition) Sentinel in AAP Statement  

  

                  

  

 



Starting Point:  

Definition of Normoglycemia 

Statistical Approach 
Majority are above ~2.5 mmol/L (45mg/dL) 

30mg/d/l  ~5th  percentile   BF/AGA/Term 

 

    Does not define the glucose concentration 
below which irreversible neurological injury 

invariably or even probably occurs 
(neuroglycopenia) 

    Nor addresses  the associated conditions 
that might augment or ameliorate the primary 

effects of glucose deficiency. 

Statistical or Epidemiologic Norm Does 
Not Define Biologic Norm Hay , Rozance.  Biol Neonate 2006 



Normal Glucose levels in “Healthy Term 

Newborns  Population Meta-Analyses  n=723   
    

 AAP Guideline First 24 hours only 

Time 1-2 

hours 

3-23 

hours 

24-47 

hours 

48-72 

hours 

Mean 56 63 66 67 

Estimate 

of 5th 

percentile 

27 40 41 48 

Alkalay et al: Am J Perinatology: 2006 adapted 

10% fasted prior to screen, only 1/3 breast fed 

Wide standard deviation 

Probable over estimation of levels 



Plasma Glucose Concentrations in Term, AGA,  

Breast-fed Infants at Four Different Ages (mg/dl) 

Wight et al Breastfeeding Medicine 2006 

Age 
(hours) 

Mean 
mg/dl 

Median 
mg/dl 

Range 
mg/dl 

Interquartile 
Range 

3 54 50 25-149 41.4-59.4 

6 54 50 28-97. 43.2-59.4 

24 52 52 18-136 46.8-59.4 

72 54 50 25-166 46.8-59.4 



Normal Newborn Fasting Glucose 

Concentrations Are Stable (Mean) 

G
lu

c
o

s
e
 (

m
g

/d
L

) 

18 27 

Duration of Fast (Hours) 

8 

Data from 1950s-1960s.  Fasted 8 to 27 hours.  

PES CONCLUDES glucose levels unaffected by Initiation or Feeding Interval 

This may be true with 
“normal” Transitional 
Hypoglycemia. 
 
Infants @ risk who have 
increased metabolic 
demands, glucose levels 
are lower and are 
responsive to feedings! 



  



Incidence varies depending on screening protocol and definition of 
hypoglycemia 

 



Universal screening 
(JAMA Pediatr 2015 Oct;169(10):913) 

The incidence of transient hypoglycemia in cohort study of 1,395 
infants who had universal glucose screening within 1-3 hours after birth 
was: 

 

• 6.4% for hypoglycemia defined as < 35 mg/dL 

• 10.3% for hypoglycemia defined as < 40 mg/dL 

• 19.3% for hypoglycemia defined as < 45 mg/dL 

 

 



High risk screening 
(J Pediatr 2012 Nov;161(5):787) 

 

• 51% incidence of hypoglycemia reported in cohort study of 514 infants who had 
risk-based glucose screening and hypoglycemia defined as < 2.6 mmol/L (47 mg/dL) 



Retrospective cohort 
Am J Obstet Gynecol 2009 May;200(5):e45 

 

• 2.4% incidence of hypoglycemia in first 24 hours of life among singleton term infants 
weighing > 2,500 g born to mothers without diabetes in United States 
– 4,892 singleton term infants weighing > 2,500 g born from 2005 to 2007 to mothers without 

diabetes were assessed for neonatal hypoglycemia (defined as blood glucose < 50 mg/dL [2.78 
mmol/L] in first 24 hours of life) 

– 116 infants (2.4%) had hypoglycemia 
– compared with 232 matched controls, neonatal hypoglycemia associated with 

• lower gestational age (odds ratio [OR] 0.66, 95% CI 0.53-0.85 per week of gestation) 
• maternal fever during labor (OR 4.08, 95% CI 1.39-11.79) 
• public insurance (OR 2.31, 95% CI 1.17-4.58) 

– Reference - estimated overall incidence of congenital hyperinsulinism is 1 per 50,000, and up to 1 
per 2,500 in Saudi Arabia (due to high frequency of consanguinity) Orphanet J Rare Dis 2011 Oct 
3;6:63 full-text 

• hyperinsulinemic hypoglycemia occurs in about 50% of infants with Beckwith-Wiedemann 
syndrome(5) 
 

http://www.ncbi.nlm.nih.gov/pubmed/21967988?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21967988?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21967988?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21967988?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21967988?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21967988?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21967988?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21967988?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21967988?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21967988?dopt=Abstract
https://ojrd.biomedcentral.com/articles/10.1186/1750-1172-6-63
https://ojrd.biomedcentral.com/articles/10.1186/1750-1172-6-63
https://ojrd.biomedcentral.com/articles/10.1186/1750-1172-6-63


CLINICAL APPROACH Classic Report 

Where did 40 Come From? 

 
  First two days of life, hypoglycemia was arbitrarily defined       
as <30mg/dl in the full term infant and < 20 mg/dl in PT. 

 

• Glucose concentration is safe if clinical symptoms 
associated with hypoglycemia are not observed, or if 
these symptoms disappeared at that specific 
concentration 

• Symptoms at 1.4 mmol/L (25mg/dl) resolved at >2.2 
mmol/L (40mg/dl) by increasing the blood glucose 
concentration   

40   “classic standard” Cornblath, J of Peds 1959 



Clinical  Approach Is Flawed 

Many concerns with this approach: 

1) Observation of extremely low blood glucose 
concentrations in asymptomatic infants. 

2) Nonspecificity of symptoms, especially when 
also associated with other neonatal diseases. 
Symptoms just  as likely among  
normoglycemic. 

3) Studies did not evaluate availability of other 
energy substrates to neonate that may 
compensate for lower glucose concentration 
that might protect the brain (ketogenesis with 
human milk feeding spares glucose for brain 
consumption). 



SIGNS of HYPOGLYCEMIA 
• Neurogenic: Autonomic perception of physiologic 

changes triggered by hypoglycemia. Adrenergic 

responses, palpitations, tremor, anxiety. Cholinergic 

including sweat, hunger, paresthesias. 50-60mg/dl for 

adults is the Concentration of Plasma Glucose that 

Limits Brain Function. Activates neuroendocrine 

responses that “defend against brain injury”-  PES 

 

• Neuroglycopenic: confusion, coma, seizures, caused by 

brain dysfunction because of deficient glucose supply 

(<50mg/dl for Adults) 

 

DON’T KNOW LEVEL NEWBORNS BECOME 

NEUROGLYCOPENIC 



• Fanaroff & Martin’s Neonatal-Perinatal Medicine (2011) ch. 49 – Disorders 

of carbohydrate metabolism, p. 1506. 

• Avery’s Diseases of the newborn (2012) ch. 94 – Disorders of 

carbohydrate metabolism, p. 1320. 

• Tin, W. (2014). Defining neonatal hypoglycaemia: a continuing debate. 

Semin Fetal Neonatal Med, 19(1), 27-32.  



CEREBRAL ENERGY DEFICIENCY and 

SIGNIFICANT HYPOGLYCEMIA 

• Since the avoidance of and treatment of cerebral 

energy deficiency is the principle concern, 

greatest attention should be paid to neurologic 

signs (e.g.) 

                    -variation in tone 

                    -change in level of consciousness 

                    -seizures 

 



Burns et al (2008) Patterns of cerebral injury & ND outcomes 

p symptomatic hypoglycemia. Pediatrics. 122 (1). 

Mild 

14% 

Seve

re 

86% 

 

0% 
 

0% 

Mild: 27 to < 47 [1.5 to <2.6] 

Severe:  < 27 [<1.5] on > 1 occasion 



Normal 

23% 

MILD 

impairment 

44% 

MODERATE 

impairment 

24% 

SEVERE  

impairment 

9% 

Neurodevelopmental Outcomes 

Burns et al (2008) Patterns of cerebral injury & ND outcomes 

p symptomatic hypoglycemia. Pediatrics. 122 (1). 



HYPOGLYCEMIA VS HYPOXIC ISCHEMIC 

ENCHEPHALOPATHY 

Differs vs HIE  

• Superficial cortical    

vs deeper cortical 

• Occipital greater 

than frontal 

No imaging evidence 

that mild hypoglycemia 

of short duration 

causes brain injury nor 

that asymptomatic of 

any duration causes 

brain injury 

Injury related to: 

Severe Prolonged 

Hypoglycemic 

Encephalopathy 

http://pediatrics.aappublications.org/content/vol103/issue4/images/large/pe0493647001.jpeg


FINDING the CRITICAL 

LEVEL for GLUCOSE and 

NEURODEVELOPMENTAL 

OUTCOME 



EVOLUTION of the DEFINITION  

of NH as 47 
  

                         

                                    
                                             

NEURODEVELOPMENTAL APPROACH 
 

• BW <1850 g 

• N= 661 infants, 6808 samples,  

• Mean (SD) BW 1337 (315) g 

• Mean (SD) gestation 30.5 (2.7) wks 

• Large Nutrition Study  (5 centers) 

 

Sampling 

-   Daily for all requiring intensive care until clinically stable     
(2nd to 3rd week) 

- Weekly till discharge or weighed 2000g (9th week) 

- Developmental Testing 

                                                                  Lucas A, Morley R, Cole TJ. BMJ 1988; 297: 1304-8. 

 



  Quadrigenta Septum Phobia profoundly 

influenced neonatal care 

           

                       

Do you really know how many 

times my blood glucose went 

below 47mg/dl?   YES! A LOT 

CGM 

(courtesy Win Tin ) 



The Northern Neonatal Nursing Initiative  

“Hypoglycemia” Study (1990-91) 

 
Aim and Design: 

 
• To compare the neurodevelopmental outcome of preterm  

(<32 weeks) who had frequent low blood glucose levels 

(>47mg/dl ) in the first ten days of life vs that of matched 

controls. 

• Prospective, Observational 

• Daily glucose as well as other samples recorded the first 

10 days 

• Index 3 days <47, controls all > 47 (47/566) 

                                           
TIN W Early Human  Devt 2005 



The NNNI “Hypoglycemia” Study   

(81% follow up) 

Win Tin et al Pediatrics 2012 



   Hypothesis:  The neuropsychological 

development of 2 and 4.5 year old children 

is related to the severity, duration, and 

frequency of low glucose concentrations in 

the neonatal period (n=614 @ Risk) 

Children with Hypoglycemia and  

their Later Development 

(The CHYLD Study) 

Children with Hypoglycaemia and their Later Development ,Courtesy Jane Harding 

CHYLD  



Key Findings From CHYLD@2y 

 At risk babies screened and treated with the aim of 

keeping blood glucose concentrations >47 mg/dl: 
 

1. There were long and undetected periods of 

interstitial glucose concentrations ≤ 47mg/dl 

2. High or unstable glucose concentrations were 

associated with worse developmental outcomes. 

     “U shaped curves” morbidity @ low and high levels 

McKinlay et al, NEJM 373: 2507, 2015 Children with Hypoglycaemia and their Later Development  

CHYLD  



Undetected Low Glucose 

Concentrations 

In at risk babies screened and treated with the aim of 

keeping blood glucose concentrations > 47 mg/dl: 
 

• 53% experienced blood glucose < 47mg/dl 

• 23% had glucose concentrations <47mg/dl not 

detected on intermittent blood testing. 

• 25% of those treated had glucose concentrations < 

47mg/dl for >5 hours in the first week 

McKinlay et al, NEJM 373: 2507, 2015 Children with Hypoglycaemia and their Later Development  

CHYLD  



No Relationship Between Neonatal 

Hypoglycemia and Neurodevelopmental 

Impairment at Two Years 

McKinlay et al, NEJM 373: 2507, 2015 
Children with Hypoglycaemia and their Later Development  

CHYLD  



McKinlay et al, NEJM 373: 2507, 2015 
Children with Hypoglycaemia and their Later Development  

CHYLD  

Undetected Hypoglycemia and  
Outcome at 2 Years  

Outcome 
No events 

(N=108) 

≥1 Interstitial 

episode 

(N=33) 

RR (95%CI) 

Neurosensory 

impairment 
42% 42% 

1.01 (0.66, 

1.54) 

Processing difficulty  17% 17% 
0.92 (0.38, 

2.23) 



Association of Neonatal Glycemia 

with Neurodevelopment at 4.5 y 
• From > 32 wks n=614 with at least one neonatal 

risk factor for Hypoglycemia 

• Blood and Masked interstitial measurements up 

to 7 days 

• Hypoglycemia (NH) <47mg/dl whole blood 

treated to maintain > 47 mg/dl 

• NH =@ least one episode< 47, severe = <36, 

recurrent = > 3 episodes. Interstitial NH = < 47 

for at least 10 minutes   

                                 Mckinlay et al Jama Peds 2017 CHYLD 

 



RESULTS 

• 477/604 were assessed (79%) 

• 280 (58.7%) exposed to Hypoglycemia did not 

have increased neurosensory impairment 

(visual,deafness,CP, IQ>1sd below mean) 

 

• Hypoglycemia was associated with increased 

risk of low executive function,and lower visual 

motor function 

• Highest risk in those exposed to severe, 

recurrent, or clinically undetected (interstitial) 

hypoglycemia 

 Mckinlay et al Jama Peds 2017 CHYLD 



Conclusions From CHYLD@2y and 4.5y 

In at risk babies treated with the aim of keeping blood 

glucose concentrations > 47mg/dl: 
 

• There were long and undetected periods of 

interstitial glucose concentrations ≤ 47mg/dl 

• Undetected low glucose concentrations are 

associated with poor executive function at 4.5 years 

• A margin of safety is required when setting a 

threshold for intervention in neonatal hypoglycemia 

McKinlay et al, NEJM 373: 2017 Children with Hypoglycaemia and their Later Development  

CHYLD  



 

Neonatal hypoglycemia (NH) was not associated with 

major neurological deficits, however…  

 

NH was associated with a 2 to 3-fold increased risk of 

poor executive and visual motor performance  

Executive function (EF)  

Problem solving, planning, attention control, goal-

directed behavior 

Impaired EF  Implications for poor performance in 

reading, math, writing,  risk ADHD, conduct disorders, 

learning problems 

McKinlay et al (2017). Assoc. of neonatal glycemia w/ ND outcomes at 4.5 yrs 

- Sugar Babies & BABIES studies – CHYLD Study Group JAMA Pediatrics. 



Association Between Transient Newborn Hypoglycemia  

and Fourth-Grade Achievement Test Proficiency  

A Population Based Study 

• Retrospective 1998 University of Arkansas all infants born  

     (1395 student pairs) 

• At least 1 recorded glucose within first three hours of life was below cut off 

next value was above the cutoff. 

• < 35mg/dl (primary) , < 40mg/dl, <45mg/dl (secondary) cut offs   

• Student achievement scores in 2008 from Arkansas Department of 

Education:  Literacy and Mathematics (predict HS graduation, college,long 

term success. 

• The median time to specimen collection was 1.5 hours. 

• Hypoglycemic infants were smaller, less mature, and less commonly full 

term. 

 
                                                                                                       Kaiser et al JAMA PEDS 2015 

 

 
 
 
 



Association Between Transient Newborn Hypoglycemia 

and 4th grade Achievement Test Proficiency 

• Transient hypoglycemia occurred in 6.4%, 10.3% and 19.3% of 

newborns with a cutoff value of 35, 40 or 45 mg/dl. 

• Hypoglycemia was associated with significant reductions on 

proficiency in literacy and mathematic achievement tests  

• (50% reduction in score) 



Do These Data Justify Universal Screening? 

• The key question is “would an intervention have prevented an 

adverse outcome?” 

• First low glucose concentration was detected at 1.5 hours 

• A subsequent result after re-feeding was available in 1 hour 

and 10 minutes 

• That means that more than 3 hours would have lapsed before 

the second result was available 

• It is unlikely any intervention after the first measurement was 

known would have decreased the duration of hypoglycemia. 

• Almost 20% < 40 mg /dl 



GEL ADMINISTRATION @ALGH (Provided by 
Cathy Bennett)  

Supplies: 
  40% Glucose gel 

1 ml oral syringe 

medicine cup Squeeze gel into 

medicine cup 

Draw up 0.5mls       

at one time 



Insert 0.5 mls into right 

buccal cavity  
Massage for a few seconds 

Repeat this process, 

alternating sides until 

entire dose has been 

administered. 



Dextrose Gel for Neonatal Hypoglycemia (Sugar Babies Study) 
RCT 

Randomized double blind placebo controlled trial 
(New Zealand) 

• 35-42 wks,< 48 hours old @ risk 1:1 
randomization 

• 40%dextrose gel (200mg/k/d) or placebo 
gel 

• Randomization stratified by maternal 
diabetes and BW 

• Hypoglycemia < 47mg/dl 

• Treatment failure < 47 after 2 tx 

FINDINGS 

• 242/547 (47%) hypoglycemic and 
randomized 

• Dextrose gel decreased tx failure vs placebo 
14% vs 29% 

 

•    Treatment with dextrose gel is inexpensive 
and simple to administer. Dextrose gel 
should be considered for first line tx to 
manage hypoglycemia in LPT and Term in 
first 48 hours after birth. 

Harris DL et Al Lancet 2013 



Outcome at 2 Years after Dextrose Gel Treatment 

for Neonatal Hypoglycemia: F/U RCT   

• Gel vs Placebo gel,  N=184,  Standard risk 

categories 

• Primary Outcome was Treatment failure which was 

defined as glucose < 47mg/dl after two attempts 

with gel. Feedings encouraged. First 48 hours 

• Glucose at one hour then q 4  first 24 hours.  

• Next 24 hours q 6 to 8 hours 

 
 

                                                                            Harris J Ped 2016 



Study Results    

• High Rates of Neurosensory impairment  (35%) both 
groups. Most were mild processing difficulties.  Multiple 
secondary growth and developmental outcomes were also 
equivalent for both groups. 

• Less treatment failure with Dextrose Gel, less NICU 
admissions NNT = 8 

• Overlapping cohort (Mckinlay)  treated to maintain > 

47mg/dl was not associated with increased risk of NDI.                                                                  

Harris J of Ped 2016 



Screening and management of Postnatal Glucose Homeostasis in Late Preterm     

                     and Term SGA, IDM/LGA Infants (PEDS March 2011,reaffirm 2016)                                                                                                

  [(LPT) Infants 34 – 36 6/7 weeks and SGA (screen 0-24 hrs); IDM and LGA > 34 weeks (screen 0 -12 hrs)] 

   

Symptomatic and <40mg/dl          IV Glucose 

ASYMPTOMATIC 

Birth to 4 hours of age 

INITIAL FEED WITHIN 1 Hour 

Screen glucose 30 minutes after 1st feed 

4 – 24 hours of Age 

Continue feeds q2-3 hours 

Screen Glucose prior to each feed 

Initial Screen <25mg/dl 

Feed and check in 1 hour 

Screen <35mg/dl 

Feed and check in 1 hour 

<25mg/dl                           25 – 40mg/dl 

 IV Glucose*                  Refeed/IV Glucose* 

                                               as needed 

       <35mg/dl                           35 – 45m/dl 

     IV Glucose*                 Refeed/IV Glucose* 

                                                as needed 

                         Target Glucose screen ≥45mg/dl prior to routine feeds 

*Glucose dose = 200mg/kg (dextrose 10% at 2ml/kg) and/or IV infusion at 5 – 8mg/kg/min (80 – 100ml/kg/d) 
Achieve plasma glucose 40 – 50mg/dl. 

Symptoms of Hypoglycemia include: Irritability, tremors, jitteriness, exaggerated moro reflex, high-pitched cry, 

seizures, lethargy, floppiness, cyanosis, apnea, poor feeding. 



Highlights from Imperfect 

Advice (2016 J of Peds) 

• Use AAP guidelines 1st 24 hours 

• Between 24-48 hours  glucose > 45mg/dl 

• AAP levels when treated less likely than PES to 

be associated with unstable glucose levels 

• Consider delay d/c those receiving IV glucose 

for symptomatic or borderline levels with 

asymptomatic hypoglycemia until after 48 hours 

and several normal feed fast cycle and levels > 

60mg/dl after 4 days 

 

 



• Neonates with severe hypoglycemia (e.g., an episode of 

symptomatic hypoglycemia or asymptomatic requiring iv 

dextrose to treat hypoglycemia) 

• Neonates unable to consistently maintain pre-prandial plasma 

glucose concentrations > 50 mg/dL by day 3  

• Family history of a genetic form of hypoglycemia  

• Congenital syndromes (e.g., Beckwith-Wiedemann), abnormal 

physical features (e.g., midline facial malformations, 

microphallus) 

 

HYPOGLYCEMIA MUST BE RECOGNIZED AS AN  

INPATIENT NOT AS OUTPATIENT 

 

Who to investigate for persistent 

hypoglycemia (PES) 



Harding 2017. An emerging evidence base for the management of neonatal hypoglycaemia. Ear Hum Dev. 104. 

“These trials & the required long-term follow up will be expensive…  

However, the costs of not doing so could be even greater. 

 

Failure to attain basic academic proficiency by later childhood has 

real-life consequences, including decreased completion of higher 

education and less economic success.” 

McKinlay & Harding (2015). Revisiting Transitional Hypoglycemia. JAMA Pediatrics.   



Traditional management of asymptomatic 

hypoglycemia 
• A dextrose infusion rate of 3–5 mg/kg/min can be used for 

IDMs, as this avoids overstimulation of insulin secretion 

and accounts for the larger fat mass that these infants 

have.  

• A dextrose infusion rate of 4–7 mg/kg/min can be used for 

most term and near term infants.  



Traditional management of asymptomatic 

hypoglycemia 
• A dextrose infusion rate of 6–8 mg/kg/min often is 

necessary in IUGR infants.  

• This accounts for their greater brain/body weight ratio and 

physiological observations made in animal models of 

IUGR of both increased peripheral insulin sensitivity and 

increased insulin secretion as their postnatal physiology is 

normalized and insulin-suppressive catecholamine 

secretion is reduced.  



Traditional management of asymptomatic 

hypoglycemia 
• Glucose concentrations must be followed closely as some 

of these IUGR infants, especially those very preterm, also 

can have hyperglycemia, due to reduced insulin secretion 

capacity, diminished muscle mass for glucose disposal, 

and persistent glucose production.  

• A continuous intravenous dextrose infusion, usually 

preceded by an intravenous dextrose bolus (200 mg/kg 

given over 5 min), also is indicated if these newborns 

develop symptomatic hypoglycemia.  



Traditional management of asymptomatic 

hypoglycemia 
• In fact, partial or complete resolution of the symptoms 

with correction of glucose concentrations is considered 

proof that the symptoms were caused by the low glucose 

concentrations.  


