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[bookmark: _Toc179454123]Guideline statement 
Background
The following set of guidelines have been developed to provide clear guidance for clinicians to enable and support the transition from multiple daily injections (MDI) of insulin to continuous subcutaneous insulin infusion (CSII) insulin pump for children living with type 1 diabetes mellitus (T1DM) in ACT and surrounding NSW. 
As per the 2022 International Society for Paediatric and Adolescent Diabetes (ISPAD) Clinical Practice Consensus guidelines, the transition to CSII should be completed by a specialised team with experience in CSII.1,2 The use of CSII is increasing within the paediatric population due to the improved health outcomes with use, with the recommendation that all youth be offered the most advanced technology available, affordable, and appropriate.1,2 With the increasing initiation, clear guidance/education is required for a successful transition. 
Key Objective
· To provide clear clinical guidance to specialised paediatric diabetes staff in transitioning children from MDI to CSII.
· To improve diabetes education and care provided to children and families transitioning to CSII to ensure successful transition.
· To ensure that the Paediatric Endocrinology and Diabetes Service (PEDS) continues to provide an excellent standard of care for children with T1DM.
· To reduce possible hospitalisations and presentations to Emergency Department and Outpatient Department by ensuring PEDS have a robust transition process for MDI to CSII.
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This guideline applies to all children and adolescents with T1DM managed by PEDs, up to and including 18 years of age who are transitioning from MDI to CSII. 
This guideline is intended to be used by the following staff within Canberra Health Service (CHS) outpatient settings:
· PEDS Registered Nurse (RN) Paediatric Credentialled Diabetes Educators (CDEs)
· RN Paediatric Diabetes Educators (DEs)
· PEDS Paediatric Diabetes Advanced Practice Nurse (APN)
· Consultant Paediatric Endocrinologists
· Paediatric Endocrinology Registrars
· PEDS Paediatric Diabetes Dietitians
Note, this guideline does not pertain to the following:
· transition of adults with T1DM from MDI to CSII
· children and young people with type 2 diabetes or other types of diabetes 
· children and young people in ACT/surrounding NSW who do not see a Paediatric Endocrinologist within CHS.
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[bookmark: _Toc179454125]Section 1 – Rationale and considerations for commencing CSII
[bookmark: _Hlk167182714]The appropriate management of blood glucose levels (BGL) for children living with T1DM is vital to ensure long term health and wellbeing remains optimal, and to reduce the risk of long-term health outcomes. The use of CSII has been shown to reduce HbA1c, improve time in range (3.9-10mmol/L), reduce hypoglycaemia frequency, and improve quality of life/reduce burden of chronic illness1,2. Due to this, the use of CSII is recommended for every child with T1DM and is the preferred mode of insulin delivery for those aged under 7 years.3
The below needs to be considered by PEDS when a child with T1DM or their family expresses interest in, and is considered for, transition to CSII:
· There needs to be regular and ongoing attendance to PEDS clinics for diabetes care.
· The family has the capacity and ability to attend multiple appointments (approximately 10-12 hours in total) for intensive education for insulin pump.
· The family and/or young person demonstrate ability to count or estimate carbohydrates. 
· The family and/or young person want to commence CSII and are aware of different options for insulin pump choice. 
· The family is aware of initial and ongoing costs associated with CSII commencement. 
· The psychological health of the child and ability to undergo change to treatment.  
· The child/family has realistic expectation for insulin pump use.
PEDS team will discuss each family considering CSII at regular team meeting, to ensure any issues present are acknowledged by team prior to transition. Note that CSII may be commenced at diagnosis, if high clinical need, however this must be initiated by treating Paediatric Endocrinologist only. 
Recommendation to expedite insulin pump commencement for the following:
· infants and neonates.
· those with recurrent severe hypoglycaemia, or impaired hypoglycaemia awareness.
· very poor glycaemic control, in conjunction with comorbid complications. 
Once a young person with diabetes and/or their family express interest in CSII, a clinician within PEDS will provide the ‘Starting an Insulin pump with PEDS’ consumer handout and advise of expected wait time for CSII commencement. The family will then to be booked into a “Pump Information Session” which is offered every two months at Canberra Hospital. The insulin pump representatives for all available insulin pumps within Australia will be invited, with families having opportunity to spend time looking at each insulin pump. 
As per ISPAD consensus guidelines1,2, pump selection should be based on features desired by young person/their family (with guidance by treating team). The pump information session provides the family with unbiased information regarding their options for CSII.  Families may also meet with representatives outside of hospital environment to make decisions regarding CSII choice.
Once a CSII choice is made, a PEDS clinician will organise all relevant documentation, order insulin pump and contact family to book appointment schedule for commencement.  
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When transitioning from MDI to CSII, high quality training for child/family is critical for determining success.1,2,4 Intensive, patient centred care is recommended to assess and optimise CSII transition, ensuring user education is delivered by appropriately qualified paediatrics diabetes staff.5 Diabetes education staff delivering education must have formal, certified training on the individual CSII, as well as ability to read and interpret data reports.4 Until staff demonstrate knowledge as above, they are not to deliver the CSII training to children and families. The PEDS APN/nursing lead will determine when a diabetes educator has the requisite skill to provide training to families. 
Education for young people/families must cover: 
· the basics of how the system works.
· what settings can be adjusted.
· how to manage events including hypoglycaemia, exercise, sick days, alcohol use (if relevant).   
· how to manage suspected infusion site failure. 

During the initial few weeks of CSII transition, the diabetes educator will need to provide intensive support in terms of education, training and ongoing evaluation.1,2,4 To ensure families do not become overwhelmed with the amount of new information, the education as above will be divided over multiple appointments - all of which must be attended by the family. 
The mandatory Insulin Pump start appointment schedule is as follows:
	Session: 
	Duration 
	Staff required:
	Method of delivery:

	Pre-pump education
	2.5 hours
	PEDS CDE
PEDS dietitian 
	Face to face
Group 

	Pump start 
	1.5 to 2.5 hours
	PEDS CDE
	Face to face Group

	Day 3 Line/Pod change check in 
	30 minutes

	PEDS CDE
	Telehealth Individual appointments 

	One week pump review 
	30 minutes
	PEDS CDE
	Telehealth Individual appointments

	One week pump review
	30 minutes
	PEDS Dietitian 
	Telehealth Individual appointments

	Three week Pump review
	30 minutes
	PEDS CDE 
	Telehealth Individual appointments

	One month pump review 
	1 hour
	PEDS CDE
PEDS dietitian
	Face to face or video  
Individual appointments


For rural and remote families, the one-month review after the pump start will be offered as video telehealth. The pre pump education and pump start must occur via face-to-face education. 
If PEDS staff are concerned regarding an outpatient CSII commencement, the young person may be considered for an inpatient pump start at the discretion of the Paediatric Endocrinologist. 
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When initiating CSII, starting pump settings should be derived from the child’s total daily dose (TDD) pre transition1,2,6, noting that only insulin aspart (Novorapid®) or insulin lispro (Humalog®) will be utilised for CSII. CSII rates include basal rate, insulin to carbohydrate ratio, insulin correction factor/insulin sensitivity factor, target blood glucose level, and insulin action time. It is important to note that often starting insulin doses are based on clinical experience, rather than robust clinical evidence due to the varying insulin needs for children. The below is a starting guide for rates, based on ISPAD clinical guidelines.1,2,6
It was previously recommended to reduce TDD by 10-20% when transitioning to CSII from MDI, however with the use of rapid acting insulin - a reduction is now not routinely recommended.1,2,7 However, a 10% reduction to TDD is recommended if the below is true (must discuss with treating endocrinologist):
1. Child has above 5% of time hypoglycaemic (below 4.0 mmol/L).
1. [bookmark: _Hlk167182488]Child has had an episode of severe hypoglycaemia in past 6 months.
The family is to provide the average total daily dose at the pre pump education session. If using bolus calculator app- family to provide 30 day history from same to RN CDE. Alert: 
If the total daily dose is below 10units, the RN CDE is to discuss consideration of diluted insulin with the patient’s treating Paediatric Endocrinologist. 
If diluted insulin is to be used, a ratio of 1:5 (1 part insulin aspart to 5 parts normal saline) is to be utilised.1,2,6 Sample calculations of this 1:5 ratio: 
· 20units insulin to 100 units (or 1ml) normal saline 
· 30 units insulin to 150 units (or 1.5ml) normal saline 

Any changes to this dilution must be discussed with Paediatric Endocrinologist, and the family are to be advised not to adjust the dilution without discussion with PEDS. 


Determination of Basal rates
A basal rate is defined as small amounts of continuous insulin delivery every hour to maintain the background or fasting basal requirements of the body. The recommendation is for a 50% split of total daily insulin requirements to be basal insulin.1,2,6 
[bookmark: _Hlk167182371]To calculate starting basal rate (TDD/2)/24 = baseline units/hour. Having multiple pre-programmed basal time blocks has been correlated with lower HbA1C values so is recommended 7 (see Figure 1). 
Determination of carbohydrate ratio
The carbohydrate ratio specifies how many grams of carbohydrate a single unit of insulin will cover in a meal. For example, for a child with a carbohydrate ratio of 1 to 10, one unit of insulin will cover 10 g of carbohydrate.
If the child is using a bolus calculator that utilises carbohydrate ratio pre CSII commencement use these rates for CSII. 
If not using a bolus calculator, then use the following carbohydrate ratios: 
· for children aged 5 and above- 450/TDD= baseline carb ratio (g per 1u).
· for children aged 4 and below-350/TDD baseline carb ratio (g per 1u).
Determination of correction factors/Insulin sensitivity factors
The insulin sensitivity factor is used for correcting hyperglycaemia. It specifies by how much 1 unit of insulin will decrease the blood glucose level in mmol/L.
If the child is using a bolus calculator that utilises a correction factor pre CSII commencement, then use these rates for CSII. 
If the child is not using a correction factor from a bolus calculator use these formulae: 
· for children aged 5 and above - 100/TDD= baseline correction factor (per mmol/1unit)
· for children aged 4 and below - 120/TDD= baseline correction factor (per mmol/1unit)
Determination of target BGL
Although, with the addition of hybrid closed loop (HCL) systems, target BGL is customisable for automated delivery, the starting target BGL is to be 6.0mmol (1,2). 
Determination of insulin action time
Insulin action time to be 3 hours from commencement. For those HCL’s that have preset action times then these are to be used. For Medtronic insulin pumps the manufacturer recommends a 2-hour insulin action time.  
Figure One: Time Blocks and Rates
	Time
	Basal rate
	Carb ratio
	Correction Factor
	Target BGL

	0000
	Baseline – 10%
	Baseline + 20%
	Baseline + 20%
	6.0mmol

	0300
	Baseline + 10%
	Baseline +20%
	Baseline +20%
	6.0mmol

	0600
	Baseline + 10%
	Baseline – 20%
	Baseline – 20%
	6.0mmol

	1000
	Baseline 
	Baseline 
	Baseline 
	6.0mmol

	1600
	Baseline + 20%
	Baseline – 10%
	Baseline – 10%
	6.0mmol

	2200
	Baseline - 10% 
	Baseline + 20%
	Baseline + 20%
	6.0mmol


Figure Two: Calculation of Rates
	Basal rate
	Total daily dose/2 then /24- starting

	Carb ratio
	450/TDD- 5-year-old and over
350/TDD- 4-year-old and under

	Correction factor/sensitivity 
	100/TDD - 5 years and over
120/TDD - 4 years and under

	Target BGL
	6.0mmol

	Insulin Action Time
	3 hours
Medtronic insulin pumps- 2.0 hours 


[bookmark: _Hlk167184540]The rates outlined in Figure 2 are to be calculated by RN CDE and documented in the patient medical record. CDE to send proposed CSII rates to patient’s treating paediatric endocrinologist for review and prescribing ahead of CSII start.
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As outlined, there are multiple considerations for transition to, and commencement of CSII. Following are guidelines for day of commencement:
· CSII start education/commencement to be delivered face to face in a group of no more than 4 families, by PEDS RN DE or RN CDE
· [bookmark: _Hlk167191230]advise family regarding reduction to basal MDI dose night before pump start. 
· If on daily Optisulin® (insulin glargine) reduce the dose by 30%.  
· If on Levemir® (insulin detemir) withhold morning dose but administer full dose night before. 
· Children to commence CSII with metal cannulas unless there is a contraindication (e.g. allergy) due to high risk of dislodgment/kinking with other materials (e.g. Teflon) (1,2).   The CDE will provide education on varying insulin pump cannula options once the initial stabilisation period is complete.
· Starting insulin pump rates are to be checked by two RNs before insulin pump is connected to child. 
· The family will be instructed to call between 4.00 and 4:30pm to PEDS CDE team for review if any issues with pump.  This will ensure that any major issues are solved before after-hours Paediatrician team is on call. 
If a child is transitioning to a new CGM as well as CSII, this transition is to occur on the day of the CSII start. The RN-CDE is to ensure necessary paperwork is submitted and the device ordered has arrived prior to start. 
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[bookmark: _Hlk167197314]Best clinical outcomes occur when CSII transition incorporates use of hybrid closed loop (HCL) technology (2). HCL refers to a form of semi-automated insulin delivery (AID) consisting of an insulin pump with a built-in algorithm that is linked to a real time CGM. The algorithm will increase or decrease the amount of insulin delivered based on the interstitial glucose level measured by the CGM.4  HCL is safe and effective both at reducing HbA1c and increasing time in range (TIR) in children, while improving quality of life for children and caregivers.1,2 It is strongly recommended as the preferred treatment of choice for managing T1DM.1,2,3,6 Noting that CSII choice remains child/family decision, not all families will commence on HCL due to preference/choice. 
There are several key educational messages needed for optimal outcomes which must be provided to families by staff5:
· [bookmark: _Hlk167183015]Hypoglycaemia management. Due to the HCL aiming to avoid hypoglycaemia by a reduction or suspension in insulin delivery, the amount of glucose required to treat hypoglycaemia is reduced (4). Therefore, hypoglycaemia should be treated with approx. half a child’s usual treatment (i.e. 5-10g) to avoid rebound hyperglycaemia (1,2). 
· Exercise. Exercise modes within the HCL can be utilised to temporarily increase target BGL. Exercise modes should be turned on before activity, during, and possibly some hours after exercise to avoid hypoglycaemia. 
· Missed or delayed boluses.  Due to the HCL responding to a rising sensor glucose with insulin delivery, the risk of hypoglycaemia increases when the child/family bolus late. Education should be given that if boluses are missed or delayed, the child/family is to allow HCL to manage post prandial hyperglycaemia and then self-deliver a correctional insulin dose at 2 hour mark if required.
· Managing ketones.  Families are to be educated on when to exit HCL and revert to manual mode based on glucose levels and ketones. Refer to management of illness section.
· Suspending insulin delivery. Families should be educated that when the pump is disconnected/removed that the delivery should be suspended. All insulin infused when the pump is not attached will be considered as delivered and will impact the algorithm estimation of active insulin on board. 
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Childhood illness can complicate diabetes management and increase the risk of diabetic ketoacidosis (DKA). An increase in insulin requirements before, during and up to weeks post infection may be indicated and requires frequent monitoring and adjustment.8 
Although the management of illness for CSII is similar to the management with MDI, additional guidance is required for families and staff when using HCL. In children managing their diabetes with CSII, the only insulin delivered is via sub cutaneous cannula. If the cannula blocks or is dislodged, and this is unrecognised, ketones and hyperglycaemia will occur within a few hours. 
Families must be educated on the need to check for problems with insulin pump or delivery system (i.e. kinks in cannula, incorrect connection of cannula at pump resulting in leaking, insulin pump failure) if BGLs remain above 15mmol/L for more than 2 hours with no other explanation. Families are encouraged to change insulin, reservoir and cannula in these instances to ensure insulin delivery is occurring.8 
In periods of illness, families are advised:
· if BGL above 15mmol and ketones are less than 0.6 give 5% of total daily insulin dose of Novorapid or Humalog via pen injection.
· if ketones between 0.6mmol/L and 1.5mmol/L give 10% of total daily insulin dose via pen injection
· if ketones above 1.5mmol/L give 15-20% of total daily insulin dose via pen injection.
See attachment 1 “Type 1 Diabetes Sick day management plan for insulin pump”.  This is provided to the family at CSII commencement and reviewed regularly with family by PEDS clinical team. 
In a gastrointestinal illness, if a child is using a HCL system, families are advised to revert to manual mode if ketones above 0.6mmol and utilise temporary basal rates and manual correctional doses.
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In case of absolute insulin pump failure, families must have access to basal and bolus insulin via insulin injection. Education is to be provided by diabetes educator on a pump fail plan. See attachment 1 for resource to be provided to family.
In event of pump failure:
· Insulin glargine (brand name Optisulin®) is to be administered once daily as 40-50% of total daily dose (e.g. If total daily dose on pump is 60units then administer 24-30units of Optisulin®). Glargine lasts 24 hours in the body and should be given at the same time each day. 
· Insulin aspart (brand name Novorapid®) or insulin lispro (brand name Humalog®) is to be administered prior to each meal utilising bolus calculator (i.e. My Life app) from pump.
If the family does not have access to a bolus calculator, give 20% of the total daily dose as rapid acting insulin with breakfast, lunch and dinner. This means that 60% of daily insulin will be given as bolus insulin with the three main meals and 40% as basal (glargine insulin – Optisulin®). 
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[bookmark: _Hlk170467190]Outcome
· Clear guidelines for staff to follow for pump initiation.
· The initiation of CSII in paediatric patients is managed safely and effectively.
· Improved family and child understanding of diabetes and pump management
[bookmark: _Hlk170467240]Measures
· Regular review and reporting of ED presentations with ketoacidosis in children using an insulin pump.
· Favourable patient and family feedback on the pump initiation process via patient experience questionnaires and consumer feedback data. 
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Policies
· Medication Handling policy
Procedures
· High-Risk Medicine Standard - Insulin 
Guidelines 
· Registered Nurse – Credentialled Diabetes Educators (RN-CDES) to provide advice on paediatric insulin dosing – outpatients only. 
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
Consumer Health Information Sheet Handout: “Starting an Insulin Pump with PEDS”
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Continuous Subcutaneous Insulin Infusion (CSII) ‘insulin pump’ – An insulin pump is a small battery-operated electronic device about the size of a pager which is controlled by a microprocessor and delivers insulin by subcutaneous infusion. The device delivers rapid acting insulin in two ways:1) As basal rate (background insulin) – continuous delivery of small amounts of rapid acting analog insulin (replacing the need for long-acting basal insulin injections), and as 2) Bolus doses – delivery of a dose of rapid acting analog insulin at the time of carbohydrate consumption, or to correct blood glucose levels above target.
An insulin pump is operated by the patient, or carer, and worn 24 hours a day but may be disconnected for short periods of less than 1 – 2 hours (providing blood glucose levels are stable between 4 – 8mmol/L) e.g. showering, exercise or short clinical procedures.
Correction or insulin sensitivity factor – The fall in blood glucose levels expected (expressed in mmol/L /unit of insulin) per unit of insulin. This is an adjustable setting and more than one setting can be programmed each day.
Diabetic ketoacidosis (DKA) – Diabetic Ketoacidosis is a potentially life-threatening condition that arises because of insulin deficiency. This causes imbalances in body fluid and electrolyte levels, leading to dehydration and build-up of acids in the blood. 
HbA1C- Glycated or glycosylated haemoglobin.  This is a blood test that measures average blood glucose levels over a 90 day period. 
Insulin to carbohydrate ratio – The number of grams of carbohydrate that one unit of insulin will cover. More than one setting can be programmed throughout each day.
Infusion Set – flexible tubing and cannula.
Ketones – arise from the breakdown of fats and signify insulin deficiency. They are a normal finding in fasting patients, but in patients with diabetes rising ketone levels in the presence of hyperglycaemia may signify evolving diabetic ketoacidosis (DKA). DKA requires urgent medical review.
Pump reservoir/cartridge – a small syringe for storage of insulin inside the pump.
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Attachment 1 - Type 1 Diabetes Sick Day Management Plan for Insulin Pump
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[bookmark: _Toc179454138]Attachment 1- Type 1 Diabetes Sick Day Management Plan for Insulin Pump

Weight: 
Total Daily Dose: 		Date of Clinic visit: 
If has a Continuous Glucose Monitor (CGM) reading more than 15 without a known reason, confirm this level by finger prick and check ketone levels. 
If finger-prick blood glucose level (BGL) is more than 15 along with -
- ketones less than 0.6, give .... units (5% of total daily insulin dose) of Novorapid or Humalog
- ketones between 0.6 and 1.5, give ..... units (10% of total daily insulin dose) of Novorapid or Humalog
- ketones more than 1.5, give ..... units (15-20% of total daily insulin dose) of Novorapid or Humalog
Alert
** Please take this letter with you to the Emergency Department if unwell and needing urgent medical review

Note: 
In the event of gastro like illness, monitor ketones even if BGLs are normal. If ketones rising with lower range BGLs- utilise carbohydrate containing fluids and then insulin to reduce ketones
Pump Failure
The commonest reason for a pump failing and resulting in high blood sugars and ketones is a problem in the infusion set (e.g. Cannula kinking)
If on pump and blood sugars are high give an injection of Novorapid/Humalog as per the above plan and change the pump infusion set. 
If the pump has failed due to mechanical problems in the pump itself, a Novorapid/Humalog injection is needed every 4 hours if there is no long-acting (basal insulin) on board. 
Please contact your insulin pump company to report faults on:
- Tandem- AMSL on 1300 851 056
- Medtronic on 1800	777 808
- Ypsomed on 1800 447 042
- Omnipod- Insulet on 1800 954 075
If there is a prolonged pump failure (more than 24 hours) give:
Long acting insulin: 
Optisulin ......units once daily OR
Levemir ......units before breakfast and ......units before dinner 
Short acting insulin: Novorapid/Humalog: utilise myLife app (set up with most commonly used pump profile) for breakfast, lunch and dinner. Please request assistance from Diabetes Educator if unsure on use of app
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