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This procedure provides a framework for the management of hyperglycaemia in neonates (from birth to 44 weeks of corrected gestational age), including initiating and maintenance of insulin infusion and monitoring of blood glucose levels.

Background
There is continued uncertainty about what constitutes a level of hyperglycaemia that is likely to result in an adverse outcome and thus justifies specific intervention. 
For this procedure, Blood Glucose Level (BGL) definitions include: 
Normal: BGL 2.6 - 4.4mmol/L 
Hyperglycaemia: BGL >8.3mmol/L
Significant hyperglycaemia: BGL >12mmol/L 
Treatment with insulin infusion is suggested when BGL is > 12mmol/L, and there is significant spilling of glucose in the urine (glucosuria ≥ 2+).
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Different brands of insulin are not bioequivalent. Do not substitute between brands.
Actrapid is the Australasian Neonatal Medicines Formulary (ANMF) group’s recommended short-acting insulin for intravenous (IV) infusion in neonates.
Treatment of hyperglycaemia with insulin has a high risk of hypoglycaemia.
Insulin binds to the plastic of giving sets. It is recommended to flush the giving set with 20 mL of prepared insulin solution into a receptacle prior to connecting the infusion to the neonate. This helps saturate the binding and ensure the neonate receives the correct dose. 
Insulin concentrations ≤ 0.05 Units/mL are not reliably delivered even after preconditioning and flushing.
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This document applies to neonates (from birth to 44 weeks of corrected gestational age) under the care of the Department of Neonatology at the Centenary Hospital for Women & Children.

This document applies to the following Canberra Health Services (CHS) staff working within their scope of practice:
Medical Officers
Registered Nurses and Midwives
Student Nurses and Midwives working under supervision.
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Background
Hyperglycaemia is a common issue in unwell neonates and in extremely premature neonates. Hyperglycaemia is associated with adverse short and long-term outcomes in these patients. The mechanisms underlying these associations are not well understood. Non-uniform definitions, wide variations in the criteria used for management decisions, and in the choice of treatment have led to poor understanding of the significance of hyperglycaemia in neonates.
Hyperglycaemia is typically defined as plasma glucose concentration greater than 8.3mmol/L. 
Risk factors for hyperglycaemia in neonates are:
low gestational age and low birth weight
longer duration of parenteral nutrition
pain
sepsis
hypoxic ischaemic encephalopathy (HIE)
surgical interventions
use of steroids
use of some vasoactive agents.
Hyperglycaemia has been associated with increased risk of death, intraventricular haemorrhage, sepsis, necrotizing enterocolitis, retinopathy of prematurity, growth issues, metabolic issues, and neurodevelopmental impairment.
Insulin is a polypeptide hormone that acts on cells throughout the body to stimulate uptake, utilisation and storage of glucose resulting in a lowering of blood glucose. Insulin stimulates the liver to store glucose in the form of glycogen and facilitates the entry of glucose into muscle and adipose tissue. It inhibits lipolysis, proteolysis, and gluconeogenesis, enhances protein synthesis and conversion of excess glucose into fat.

Recommendations
Monitor blood glucose levels for hyperglycaemia in:
Premature neonates
Other neonates at risk including:
severely growth restricted neonates
neonates with hypoxic ischaemic encephalopathy
neonates with sepsis
neonates receiving steroids
neonates receiving high infusions of dextrose (glucose delivery rate (GDR) higher than 6mg/kg/min) 
neonates post-surgical intervention.

Inform a medical officer if hyperglycaemia is detected in a neonate.

It is recommended to perform urine analysis every six hours on neonates with persistently high blood glucose level > 10mmol/L to assess ketonuria and glycosuria. 

Prevention and Initial Management Considerations 
Commence Total Parenteral Nutrition (TPN) as soon as possible as amino acids promote insulin secretion. 
Commence lipids as they also reduce the risk of hyperglycaemia.
Commence enteral feeds as soon the clinical condition allows, as enteral feeds promote the secretion of hormones that promote insulin secretion. 
Measure glucose delivery rate (GDR) in mg/kg/min in all neonates with hyperglycaemia:
GDR (mg/kg/min) = TFI (ml/kg/day) x % Dextrose in infusion / 144
Assess the neonate for possible underlying causes (as listed above in risk factors for hyperglycaemia) and treat them if identified.
If a neonate is hyperglycaemic, consider reducing the GDR to 6 to 9 mg/kg/min. This is important in neonates receiving large amount of volume of fluids or with an underlying cause for hyperglycaemia.
If hyperglycaemia persists for > 6 hours above 12 mmol/L despite reduction in GDR and is associated with glycosuria ≥ 2 (+) in 2 separate urine samples, consider starting treatment with insulin infusion. It may be appropriate to continue monitoring neonates, without insulin treatment, beyond 6 hours where there is a clear underlying cause (e.g. stress response to surgery). This decision should be made by senior medical staff considering the potential risks and benefits.
Insulin infusion improves blood glucose levels, caloric intake, and weight gain. 
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Insulin infusion prescription must be placed in the patient’s clinical record (use Actrapid as per Neonatal Intensive Care Drug Manual/ANMF) prior to administration. 
There are two strengths of the solution for infusion:
1 mL/hour of single strength Insulin infusion provides 0.1 units/kg/hour of insulin (suitable if weight > 1kg)
1 mL/hour of double strength Insulin infusion provides 0.2 units/kg/hour of insulin.
Insulin infusion is prepared and labelled by nursing staff.

Equipment
alcohol based hand rub (ABHR)
dressing tray
Actrapid – Soluble Insulin 
drawing up needles x 4 (do not use filter needle)
1 mL syringe 
50 mL syringe  
30 mL syringe
normal saline 0.9% 20mL
medication additive label
extension set 
alcohol swab
infusion pump with access to neonate drug library. 

Procedure
The infusion is prepared as per the Neonatal Intensive Care Drug Manual/ANMF and checked by two nurses.
Insulin binds to the plastic of giving sets. Flush the extension line with 20mL of prepared insulin solution into a receptacle prior to connection to the neonate. This is to saturate the binding and ensure the correct dose is delivered to the neonate.
Insulin infusion can be infused with maintenance fluids. 
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Administration:
1. Attend to hand hygiene. 
2. Identify the correct patient as per CHS Patient Identification and Procedure Matching Procedure. 
3. Infusion pump with neonate drug library must be used.
4. No filter is to be used in the extension line. Insulin also binds to the filter. 
5. Use sterile procedure to connect infusion. 
6. Connect the insulin infusion into the maintenance line at port closest to the patient. 
7. Do not use the insulin infusion line for administration of medications or flush line. Do not bolus other drugs through this line.
8. The insulin infusion solution and lines should be changed every 24 hours.

Dose for treatment of hyperglycaemia
recommended starting dose is 0.05 units/kg/hr
dose range: 0.01 to 0.1 units/kg/hour 
target glucose: BGL 8 to 10mmol/L.

Insulin Sliding Scale (see Attachment 1)

Note: 
The Insulin Sliding Scale is a suggested scale that can be adjusted based on patient’s risk profile and clinical response to the treatment with insulin.

Starting dose is usually 0.05 units/kg/hour, this dose is then adjusted according to requirement:
Blood Glucose Level > 15mmol/L increase infusion by 0.02 units/kg/hr.
Blood Glucose Level > 10mmol/L increase infusion by 0.01 units/kg/hr.
Blood Glucose Level 8-10mmol/L keep infusion the same, then wean at least once daily by 0.01 units/kg/hr if stable in this range.
Blood Glucose Level 6-8mmol/L decrease by 0.01 units/kg/hr. Consider stopping infusion if low dose of insulin is being given (≤0.02 units/kg/hr).
Blood Glucose Level < 6mmol/L stop infusion if low dose of insulin is being given (≤0.02 units/kg/hr); if higher dose of insulin being given decrease the infusion (by 0.01-0.02 units/kg/hr, or by larger amounts if directed by a consultant/fellow).

Alert: 
If there is a rapid fall in the blood glucose level (>3-4mmol/L per hour), the insulin rate must be reduced by 0.02-0.04 units/kg/hr or stopped if the drop is significant. Any rapid decrease must be informed to medical officer and insulin infusion needs to be adjusted promptly.

Management of neonates receiving treatment with insulin infusion: 
1. The volume of the infusion of insulin is not included in the total fluid intake (TFI).
2. BGL must be monitored closely to detect hypoglycaemia.
3. Monitor BGLs and document results as following:
60 minutes after commencement of insulin infusion (this can be done earlier based on the patient’s risk profile)
then every 60 minutes to2 hours (based on patient’s risk profile and initial response) until BGL reading < 10mmol/L.
On maintenance infusion: check blood sugar level every 4-6 hours
then 4-6 hourly for the duration of the infusion if stable unless directed by consultant/fellow.
If BGL <8mmol/L it may be necessary to do more frequent BGL measurements to avoid hypoglycaemia.
60 minutes after cessation or any alteration of infusion. 
4. Check urine sample for glycosuria 6 hourly.
5. Notify consultant/fellow/registrar of any BGL > 10mmol or < 6mmol.
6. Wean insulin infusion according to Insulin Sliding Scale protocol as above (consider weaning differently to sliding scale protocol if there is a rapid/sharp decrease of BGL). 
7. Document infusion administration and BGL in the patient’s clinical record (Digital Health Record).
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Contraindications
hypersensitivity to regular insulin or any of its components
hypoglycaemia
normoglycaemia.

Precautions
Hypoglycaemia is a common adverse effect. 
Do not adjust the rate of the maintenance solution or other infusions when insulin is commenced, or the insulin infusion rate will also be altered. 
If ceasing insulin or changing the strength of the infusion, be careful to remove and replace the previous line and T-piece to avoid flushing through insulin remaining in the tubing. 
Administer IV bolus medication via separate IV access to avoid insulin bolus administration.

Drug interactions
The following may reduce insulin requirements: 
octreotide
beta-adrenergic blocking agents
angiotensin converting enzyme inhibitors
salicylates
anabolic steroids
alpha-adrenergic blocking agents
quinine
quinidine
sulfonamides
The following may increase insulin requirements: 
thiazides
furosemide
ethacrynic acid
glucocorticoids 
thyroid hormones 
sympathomimetics 
growth hormone 
diazoxide.
Beta blocking agents may mask the symptoms of hypoglycaemia and delay recovery from hypoglycaemia. Hypoglycaemia in the presence of concomitant use of a beta-adrenergic blocking agent may precipitate a hypertensive crisis.
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Outcome
Nursing and medical staff are guided in the screening, diagnosis, and management of hyperglycaemia.
Patients have quality and timely treatment for hyperglycaemia. 

Measures 
Review of adverse drug events secondary to insulin infusion reported through clinical incident management system.
Incident data relating to the treatment of hyperglycaemia with insulin infusion will be tracked and reviewed by the Clinical Nurse Manager Neonatal Intensive Care Unit (NICU) monthly via the clinical incident reporting system.
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Policies 
Informed Consent – Clinical  
Medication Safety 
Medication Handling 
Nursing and Midwifery Board of Australia (NMBA) Requirements for Practice  
 
Procedures 
Patient Identification and Procedure Matching  
Venous & Arterial Access: Management in the Department of Neonatology 
Infection Prevention and Control
Aseptic Technique
Vital Signs and Early Warning Scores – The Canberra Hospital Inpatients
Blood Glucose and Ketone Point of Care Testing

Manuals  
Neonatal Intensive Care Drug Manual 

Legislation 
Health Records (Privacy and Access) Act 1997 
Human Rights Act 2004 
Work Health and Safety Act 2011 
Carers Recognition Act 2021 

Other 
Australian Charter of Healthcare Rights. 
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Hyperglycaemia: True blood glucose (TBG)>8.6mmol/L 
BGL: Blood Glucose Level
GDR: Glucose Delivery Rate
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Hyperglycaemia, Neonate, Neonatal, Insulin, Infant, NICU, Infusion, Glycosuria, sliding scale.
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Attachment 1 – Insulin Sliding Scale 
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Attachment 1 – Insulin Sliding Scale

The sliding scale is a suggested scale that can be adjusted based on infant’s risk profile and clinical response to the treatment with insulin. 

Dose for treatment of hyperglycaemia:
· Recommended starting dose is 0.05 units/kg/hr
· Dose range: 0.01 to 0.1 units/kg/hour 
· Target glucose: 8 to 10mmol/L


Insulin Sliding Scale 

Starting dose is usually 0.05 units/kg/hour, this dose is then adjusted according to requirement:

Blood glucose level >15mmol/L INCREASE infusion by 0.02 units/kg/hr.
Blood glucose level >10mmol/L INCREASE infusion by 0.01 units/kg/hr.
Blood glucose level 8-10mmol/L KEEP infusion THE SAME, then wean at least once daily by 0.01 units/kg/hr if stable in this range.
Blood glucose level 6-8mmol/L DECREASE by 0.01 units/kg/hr. Consider STOPPING infusion if low dose of insulin is being given (≤0.02 units/kg/hr).
Blood glucose <6mmol/L STOP infusion if low dose of insulin is being given (≤0.02 units/kg/hr); if higher dose of insulin being given DECREASE the infusion (by 0.01-0.02 units/kg/hr, or by larger amounts if directed by a consultant/fellow).

Note:

If there is a RAPID FALL in the blood glucose level (>3-4mmol/L per hour), the insulin rate MUST be reduced by 0.02-0.04 units/kg/hr or STOPPED if the drop is significant. Any rapid decrease must be informed to medical officer and insulin infusion needs to be adjusted promptly.
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