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Neonatology	– Transitioning

• Patients ‘well’  pathology is prematurity

• Nutrition is key to survival 

• Metabolically critical period for adaptation 



Metabolic	Transition



Glucose Measurement



‘Optimising’	Glucose	Control

Continuous	Glucose	
Monitoring



Glucose Sensor Profile
Modal Day
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Continuous	Glucose	Monitoring	– preterm	infant



Physiology	vs	Pathology

Critical	Illness

Sepsis

↑	cytokines	
IL1,	TNF

↑	Sympathetic	
outflow

↑	catecholamines

IUGR

↑	proinsulin ↓	incretins

↓	insulin

Prematurity

Limited	
alternative	
fuels

GLUT	R



Acute Impact of Hyperglycaemia

• Osmotic Diuresis Auerbach 2013
Fluid balance – intraventricular haemorrhage 
?PDA 

• Oxidative Stress
Increase insulin independent glucose uptake by endothelial, hepatic, immune and nerve cells 
Increased free radical damage and mitochondrial dysfunction

• Immune dysfunction 
Impaired neutrophil function and phagocytic activity
Glycosylation of Ig leads to altered complement fixation

• Coagulation and fibrinolysis   
Plasma FVIIa, FVIIC, FVIIIC, and TFPI

• Pro-inflammatory



• Death

• Intraventricular haemorrhage

• Bacterial Infection

• Fungal infection

• Retinopathy of prematurity

• NEC

• BPD

• Longer Hospital Stay

• Reduced white matter at term

• Growth

Rowen et al 1995

Garg et al 2003

Blanco et al 2006

Ertl et al 2006

Hays et al 2006

Kao et 2006

Manzoni et al 2006

Heilannet al 2007

Alexandrou 2011

Long term Impact - Mortality and Morbidity



Hyperglycaemia:	links	to	morbidity	

Garg et al J Perinat. 2003

Garg 2003 J Perinatology

Increased risk of ROP for each 10 mg/dl increase of mean glucose 
(OR 2.7; 95% CI 1.003 to 7.27) 



Early	Hyperglycemia	Is	a	Risk	Factor	for	Death	and	
White	Matter	Reduction	in	Preterm	Infants

Hyperglycaemic association with reduction in white matter 
OR 3.1 [95% CI 1.0 –9.2] P .04).

Alexandrou  Pedaitrics 2010



Early	intervention	with	continuous	insulin	
replacement	will	prevent	catabolism	and	
improve	glucose	control,	increase	IGF-1	
levels	and	could	improve	neonatal	

morbidity	and	mortality.

NIRTURE	Hypothesis



?	Hyperglycaemia	vs	hypoglycaemia
?	Poor	nutritional	intake	



Single centre   n=88 babies 
Tight  4-6mmol/l

<30/40 <1500g  Control 8-10mmol/l

Hyperglycemia > 2 BG > 8.5mmol/l

Results
Mean BG 5.7 (4,8-6.7) mmol/l        vs         6.5 (5.1-8.2) mmol/l
Hypoglycaemia 25/43 (58%) vs          12/45 (27%)



Real Time Continuous Glucose Monitoring
in Neonatal Intensive Care



• To evaluate the efficacy of rCGM in helping control levels of 
glucose in the preterm infant

• To evaluate clinical acceptability in the preterm infant

• To assess safety in terms of risk for hypoglycaemia in the 
preterm infant 

• To evaluate the cost-effectiveness and NHS importance of 
such an intervention

Objectives 



Inclusion Criteria

• Parental informed consent

• ≤ 33+6 weeks gestation

• ≤ 24 hours of age

• Birth weight ≤1200g 

Exclusion Criteria

• A lethal congenital abnormality known 
at trial entry

• Any congenital metabolic disorder 
known at trial entry

• Neonates who, in the opinion of the 
treating clinician at trial entry, have no 
realistic prospect of survival

Trial Eligibility 



Trial Intervention 

Intervention 
MiniMed 640G
Real time CGMs 
+  paper based algorithm

Control
Standard clinical management 
+  blinded CGMs data capture



CGM with Paper Algorithm

Target SG  4.0-8.0 mmol/l 

(72-144mg/dl) D1-7



Standard Insertion 

Standard Insertion

Neonatal Insertion 

The Sensor



Efficacy
Time in Target SG 2.6-10mmol/l 
Mean SG in first 6 days. 
Time in Target SG 4-8mmol/l
SG variability 
Time hyperglycaemic- SG >15mmol/l 

Acceptability
Clinical staff rating score of impact on clinical care 
Frequency of blood glucose monitoring

Safety
Incidence of hypoglycaemia BG >2.2mmol/l  and <2.6mmol/l  
Incidence of hypoglycaemia SG <2.6mmol/l for >1hour 
Incidence of severe hypoglycaemia any episode of BG ≤2.2mmol/l 

Health Economics 

Outcomes 





Staff Perspective



Challenges in NICU

• Wealth of Data 

• Complex patients
- Individual
- Multiple infusions

• Staffing 
- High intensity

• Risk
- Hypoglycaemia



Closing the Loop with CGM



Closing the Loop with CGM

48-72 hours 

Optimised in silico

SG values every 15 minutes 

Advice on insulin infusion rates

Adapts to each baby



Birth              48            72                                               D7 

Closed	Loop

Control	

Intervention 



Closing the Loop



 Closed-loop  
(n=10) 

Control  
(n=10) 

p-value 

Time spent with sensor glucose 
level (%) 

   

      4.0 to 8.0 mmol/la 91 (78, 99) 26 (6, 64) <0.001 
      2.6-10 mmol/l 100 (94,100) 84 (46, 98) 0.133 
     > 10.0 mmol/l 0 (0, 6) 16 (2, 54) 0.113 
     < 2.6 mmol/l 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.720 
Baseline sensor glucose 

(mmol/l) 

7.9 (6.9, 11.5) 8.2 (7.0, 12.4) 0.182 
Mean sensor glucose (mmol/l) 6.2 (6.1, 7.1) 8.6 (7.4, 11.1) 0.002 
SD of sensor glucose (mmol/l) 1.0 (0.8, 1.9) 1.3 (0.9, 2.5) 0.604 

Episodes of blood glucose <2.6 
mmol/lb 

1 0 1.000 

Insulin (U/kg/hour) 0.04 (0.03, 0.07) 0.02 (0.00, 0.11) 0.400 
Nutritional intake    
    Dextrose (mg/kg/min) 8.4 (7.2, 10.3) 8.5 (4.2, 10.6) 0.604 
    Protein (g/kg/day) 3.2 (2.5, 4.1) 3.5 (1.6, 4.1) 1.000 
    Lipid (g/kg/day) 1.8 (1.0, 1.8) 1.4 (0.9, 2.2) 0.905 
    Trophic feeds 4 4 1.000 

 

Results 48-72 hours 



What	is	‘Optimal’?



Metabolic	Transition

‘Hypoglycaemia’ 



Hypoglycaemia 

and hyperglycaemia

Lucas et al 1998 Preterm 
VLBW 



Stress Response to hypoglycaemia

Adapted from Porcellati et al. Diabetes 2003





Metabolic	Adaptation	

Hawdon et al ADC 1993



Term AGA                  vs           Infants at risk infants 

Futatani J Peds 2017

Whose at risk?  

Point of Care 

Measuring Alternative Fuels 

K Crawford et al 2016

POCKET: Feasibility of Point of Care measurement of
Ketones



•Cornblath Operational Thresholds (2000) 
>2 BG level <2 mmol/L (36 mg/dL) 
>1 BG <2.5 mmol/L (45 mg/dL) with abnormal clinical signs
>1 BG <1.0 mmol/L (<18 mg/dL) needs iv to increase to plasma glucose 
> 2.5 mmol/L (45 mg/dL)
Documented hyperinsulinic hypoglycaemia > 3.5 mmol/L (60 mg/dL) 

•The American Academy of Pediatrics (AAP) (2011)
1.4-2.2 mmol/L (25-40 mg/dL) in the first 4 hours, 
1.9-2.5 mmol/L (35-45mg/dL) from 4-24 hours 
2.5 mmol/L (45 mg/dL) after 24 hours.11

•The Paediatric Endocrine Society (2015)
>2.8 mmol/L (50 mg/dL) during the first 48 hours
>3.3 mmol/L (60 mg/dL) for infants older than 48 hours.8



What is the evidence for a threshold 

‘It should be underscored that the
therapeutic objective 

(plasma glucose >45 mg/dL, 2.5 mmol/L)
is quite different from the operational threshold 

for intervention (36 mg/ dL, 2.0 mmol/L). 



Definitions 
Interventions

Pathology 



Mother                                                             Baby

SG <2.6mmol/l  - 25% of babies spent >50% of first 24 hours 
Day 3 up to 21% of time

Babies with higher % time <2.6mmol/L were those not treated with IV dextrose



Mizumoto 2015 
Pediatrics International

CGM 
Corrected GA  33 weeks
On 3 hourly feeds 

8 infants (62%) 
repeated hyperglycemic (>150 mg/dL) 
and hypoglycemic (<50 mg/dL) events.



JAMA Pediatr. 2017;171(10):972-983. doi:10.1001/jamapediatrics.2017.1579

.



Interventions 



Glucose Variability? 



Physiology	allows	adaptive	adjustments	to	

new	challenges

Long	Term	Consequences



Clinical Significance?



Developmental challenges - long term impact

Metabolic Adaptation



Horm Res Paediatr 2014;81:43–49







Hypoglycaemia
Line	dislodged
Nutrition
Sepsis
Drugs

Endocrine	

Hyperglycaemia
Sepsis
Nutrition
Catabolism
Drugs

Inflammation	
Endocrine

Glucose	is	an	Acute	Biomarker
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What	is	‘Optimal’?



Kerstjens Pediatrics 2012



n= 1395 newborns data linked to school tests

Transient hypoglycemia -only 1 measure
BG <35 mg/dL(6%)     BG <45 mg/dL(19%)) 

After adjusting for cofounders a single measurement

Associated with 50% decreased proficiency on 4th grade assessments
Literacy OR  0.49 (0.28-0.83) and 0.62 (0.45-0.85), 
Mathematics  OR 0.49 (0.29-0.82) and 0.78 (0.57-1.08)

Kaiser JAMA Peds  2015



Hyperglycaemia	as	a	marker	of	Catabolism

Insulin	deficiency					Insulin	resistance				 Protein	intake

Statural	growthBrain	growth

Chronic	lung	diseaseRetinopathy

Glucose uptake IGF-I Glucose production
Hyperglycaemia


