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This document reflects what is currently regarded as a safe and appropriate approach to care. However, as in any clinical situation there may be factors which cannot be covered by a single set of guidelines. This document should be used as a guide and does not replace the need for the application of clinical judgment to each individual presentation.

Background
· Total Parenteral Nutrition (TPN) is used when nutrition via the oral/enteral route is not possible or when enteral feeds are unable to meet requirements to maintain health and growth, e.g., intestinal failure. 
· TPN is an essential component in the management of newborn infants in Newborn Intensive Care Units (NICUs). Standardised TPN solutions help improve consistency and reduce error.
· In 2010, a neonatal TPN consensus group was formed in NSW with formulations standardised in 2011. From 2012-2017, the consensus group grew to a total of 49 tertiary and non-tertiary NICU’s from Australia, New Zealand, Malaysia, Singapore, and India. Evidence was reviewed and guidelines and formulations were updated. Canberra NICU commenced using consensus formulations in 2019. In light of further evidence and new recommendations by major bodies such as European Society for Paediatric Gastroenterology Hepatology and Nutrition (ESPGHAN) and National Institute for Health and Care Excellence (NICE), the formulations were reviewed and updated again in 2021 and will be available for use in early 2022. 

Key Objective
· This document aims to provide guidance to staff working in the Department of Neonatology on the indications for TPN, standard formulations, administration, and monitoring, weaning, cycling, and supply. 
· TPN is associated with important risks and benefits and clinical judgement is required to balance these competing outcomes. The goals of TPN are to: 
· promote growth
· minimise the risks of excessive nutrient intake and electrolyte abnormalities
· optimise vitamin, trace element and mineral intake
· optimise overall medical and postoperative recoveries.

Alerts 
Prior to commencing TPN through a central line, the position of the central line tip should be confirmed by fluoroscopy or chest X-ray. Refer to Venous & Arterial Access and Management in the Department of Neonatology.
If a multi-lumen central line is in place, one lumen from the line must be allocated exclusively for TPN.  In addition, it is desirable that the central line is not used for other purposes.  
The TPN and Lipid solution is light sensitive and must remain covered with the supplied light protective bag.
TPN and Lipids should always be administered via a smart pump with infusion safety software.
No additives are to be added to TPN or Lipid solutions- bags or lines in clinical areas (this occurs in pharmacy when necessary).
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This document is applicable to clinicians who are working in the Department of Neonatology, under the Division of Women, Youth, and Children, Canberra Health Services, within their scope of practice, including:
Medical Officers 
Registered Nurses (RN) and Registered Midwives (RM)  
Students under direct supervision
Pharmacists
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[bookmark: _Toc99372444][bookmark: _Toc106992259]1.1 - Indications
Common indication for TPN in Newborn Intensive Care Unit (NICU) are: 
Preterm infants <32 weeks and/or 1800 grams
Infants at high risk of necrotising enterocolitis
Infants with gastrointestinal malfunction and other illnesses associated with delayed establishment or cessation of enteral feeds for more than 3-5 days
Note: 
•	For infants < 32 weeks gestation and/or 1800 gm, TPN and lipids are to be commenced on day 1. 
•	For infants > 32 weeks gestation and/or 1800 gm, commence 10% Dextrose +/- feeds in the first 24hrs. Ongoing TPN and lipid requirements will be dictated by the patient’s condition.


1.2 - TPN FormulationsNote:
For detailed 2022 TPN Formulations Summary Table, see Attachment 4
Calcium (Ca) and Phosphorus (P) contents in the formulations are increased and Ca:P ratios are optimised:
· Starter: At 60 mL/kg/day provides Ca and P of 0.8 and 1 mmol/kg/day at 0.8:1 ratio.
· Standard preterm: At 135 mL/kg/day provides Ca and P of 2.7 mmol/kg/day each at 1:1 ratio. 
· 34 wk- Term: At 135 mL/kg/day provides Ca and P of 1.2 mmol/kg/day each at 1:1 ratio.
[bookmark: _Hlk101425118]Trace elements are added in the form of Paediatric Trace element formula (Paed TE) plus additional zinc (Zn) and selenium (Se)
New formulations also contain copper (Cu)




There are 8 Amino acid (AA)/dextrose formulations (Table 1)

	TABLE 1: 2022 NEONATAL TPN FORMULATIONS

	TYPE OF TPN
	DESCRIPTION

	Starter Normal
	· For infants in the first 24-48 hours after birth. 
· Do not use at > 80mL/kg/day in the first 24 hours. 
· Do not use at rates >100 mL/kg/day. 
· Should be used centrally
· At 60 mL/kg/day provides 2 g/kg/day AA and 2 mmol/kg/day of sodium (Na)

	Starter Concentrated
	· For preterm infants on restricted TPN intake in the first 24-48 hours. 
· Do not use at rates > 70 mL/kg/day.
· Should be used centrally
· At 40 mL/kg/day provides 2 g/kg/day AA and 2 mmol/kg/day Na

	Standard Preterm
	· Standard solution for preterm infants after 24-48 hours.
· Do not use at rates >135mL/kg/day.
· Should be used centrally
· At 135 mL/kg/day provides 4 g/kg/day AA and 5.4 mmol/kg/day Na

	Concentrated Preterm
	· For preterm infants with restricted TPN intake after 24-48 hours. 
· Do not use at the rates >100 mL/kg/day.
· Should be used centrally
· At 100 mL/kg/day provides 4 g/kg/day AA and 5.4 mmol/kg/day Na

	High Sodium
	· For hyponatraemic preterm infants.
· Provides Na at 8 mmol/kg/day at 135 mL/kg/day.
· Do not use at rates >135 mL/kg/day. 
· Should be used centrally
· At 135 mL/kg/day provides 8 mmol/kg/day Na

	7.5% Glucose Preterm
	· Formulation provides 7.5% dextrose
· For hyperglycaemic preterm infants.
· Do not use at rates >135 mL/kg/day
· Should be used centrally

	Peripheral Preterm
	· For preterm infants without long lines.
· Calcium (Ca) and phosphorus (P) contents are 50% of standard preterm.
· Do not use at rates >135 mL/kg/day
· Can be used peripherally

	34 Weeks to Term
	· Dextrose concentration changed from 12% to 10%
· Do not use at rates >135mL/kg/day.
· Can be used peripherally or centrally.

	TPN with additives
	· Only to be prescribed by Neonatologist
· Must be prescribed using Neonatal Total Parenteral Nutrition Prescription form
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2.1 – Route of AdministrationNote:
On how to manage central lines refer to the Venous & Arterial Access and Management in the Department of Neonatology Guideline and Central Venous Access Device (CVAD) Management- Children, Adolescents and Adults (Not Neonates)


· Central catheters such as Umbilical Venous Line, PICC (Peripherally Inserted Central Catheter) and Central Venous Lines (jugular/subclavian) should be used to provide TPN in neonates
· Peripheral Intravenous Catheters (PIVC) can be used to provide short term TPN. There are 2 preparations specifically formulated to be given peripherally:
· Peripheral Preterm
· 34 Weeks to Term TPN. 
· Although the risk of peripheral extravasation and infiltration is lower with peripheral administrations of TPN with osmolarity <1000mOsm/L, all PIVC sites should be carefully monitored.
· 34 Week to Term TPN can be administered both centrally as well as through peripheral IV’s.

2.2 – Set Up ProcedureAlert:
Commencement of TPN and Lipids for patients in NICU is a sterile aseptic procedure. 
TPN and Lipids administered via central lines requires adherence to Central Line Bundle and Aseptic Technique. Refer to Venous and Arterial Access: Management in the Department of Neonatology.
TPN and Lipids administered via PIVC is an aseptic procedure and does not require additional Central Line Bundling equipment e.g., head cap and face mask
Staff attending to sterile aseptic procedure should be competent in the Surgical Aseptic Technique Competency Based Assessment 


Equipment
· Alcohol Based Hand Rub (ABHR)
· Surgical Handwash (e.g., Microshield® PVP Povidone-Iodine Surgical Handwash or Microshield® 4 Chlorhexidine Surgical Handwash)
· Disinfectant and Detergent Wipes
· “STOP – Sterile Procedure” Sign
· Sterile gown and gloves 
· Head cap and face mask (for central lines)
· IV trolley and Donning trolley
· TPN order chart
· IV fluid order form
· Prescribed TPN & Lipid solution(s)
· Sterile drape
· Dressing Pack
· Chlorhexidine/Alcohol solution or wipes
· IV light protected infusion set(s)
· IV light protected 1.2µm filtered line (for Lipid syringe)
· 3-way tap(s)
· IV 0.2µm in-line filter 
· Optional: IV Lipid 1.2µm Filter (for Lipid IV bag), IV bung, Sodium Chloride 0.9%, 2 mL syringes, additional equipment for infusions and medications such as extensions sets

Procedure
1. Perform Hand Hygiene
1. Identify correct patient requiring TPN and Lipid line change
1. Assess insertion site for signs of infection and dressing integrity
1. Inform parent/guardian of procedure
1. “STOP-Sterile Procedure” sign placed outside door of patient room
1. Staff to don head cap and face mask for central linesAlert: 
· For Central Lines, all individuals (including parents/guardians) within a 1 metre radius must don face mask and head cap
· Staff must maintain sterility throughout the priming procedure



1. Procedure is to be done by two nurses 
6. Nurse A (Sterile) to attend to sterile procedure 
6. Nurse B (Unsterile) to assist and scout for Nurse A
1. [image: ]Nurses to attend to Patient Identification and Procedure Matching procedure and to check: 
7. Correct TPN and Lipid prescription, date, and time of administration
7. Any changes in fluid volume, including Lipids must be checked by 2 Registered Nurses (RN)
7. Check IV fluid against prescription and check expiry date.
1. Gather equipment
1. Perform Hand Hygiene
1. Nurse A to attend to surgical scrub and to don sterile gown and gloves 
1. Nurse B to prepare sterile equipment on sterile field using IV trolley
1. Prime all main IV lines ensuring no air bubbles (See Image 1). 
12. TPN and other infusions must be distal 
	to IV 0.2m filter 
12. Lipids to infuse in separate IV 1.2 m filter and proximal to patient
12. Medications that should be infused without a filter (e.g., Insulin, Glucagon, etc) should be placed before the Lipids. Refer to the Neonatal Intensive Care Drug Manual 
1. Once IV lines are ready, IV equipment to be taken to patient with care (maintain sterility)Alert: 
Make sure to check compatibilities and incompatibilities of medications and IV maintenance infusions before priming and connecting to patient. 

13. Nurse A to hold on to sterile key part (See Image 1)
13. Nurse B to hold on to unsterile IV bag and syringes (non-sterile)
13. Nurse B to open side door of isolette and assist Nurse A in retrieving patient IV line
13. Nurse B to disconnect original line, making sure there is a bung connected to IV line or to turn the 3-way tap closest to the infant off to prevent backflow of venous blood
13. Nurse A to place sterile drape under IV line to provide a sterile field beneath the site for reconnection of new line and to thoroughly clean key site for 15 seconds with chlorhexidine/alcohol swab and allow to dry
13. Nurse A to connect new line and check all connections are secure and open
13. Nurse B to connect IV infusion set to infusion pumps
13. Nurse A and B to confirm correct placement of IV infusions on infusion pumps
1. Reposition infant if necessary, according to Developmental Care in the Neonatal Intensive Care and Special Care Nursery
1. Label TPN Bag, Lipids, and medication infusions as per Medication Handling Policy and document date and time of start infusion and due for change.  
1. Label all IV lines with small medication name stickers in two areas, proximal to patient and proximal to infusion pumps
1. Nurse A to remove sterile PPE
1. Dispose of all used equipment as per WH&S guidelines
1. Perform HH
1. Complete and sign IV order on DHR Epic
1. Complete Line Assessment for Central Lines daily
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· TPN administration requires careful clinical and laboratory monitoring 
· High blood urea nitrogen, hyperglycaemia, metabolic acidosis/alkalosis, hypertriglyceridemia, and conjugated hyperbilirubinemia are frequently encountered biochemical abnormalities on TPN. Refer to Section 7 
· Table 2 is a guide on biochemical monitoring in infants on TPN 

	TABLE 2. SUGGESTED BIOCHEMICAL MONITORING IN NEONATES ON TPN

	Test
	First 3-7 day
	Thereafter

	Electrolytes, BUN, HCO3, Creatinine
	Daily or as needed
	Once or twice a week

	Ca, PO4, Mg, bilirubin, albumin
	As needed
	Once a week

	Triglyceride
	24 hours after commencement and with each increase
	Once a week or when sick

	Blood glucose
	4-6 hourly
	Once or twice a day

	Liver function test including alkaline phosphatase
	As needed
	Once weekly or fortnightly
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[bookmark: _Toc106992266]4.1 – Management and Ordering of Stock
Both NICU and Pharmacy have TPN stocks. NICU stock is the primary source for daily TPN use and is managed by both departments. 
The detailed process of management of NICU TPN stock is described in Attachment 1
Neonatal TPN solutions are stored and available in the NICU fridge 
Pre-mixed stock listed in Section 1.2 is ordered every Tuesday by Neonatal Retrieval Nurse by 11am. If Neonatal Retrieval Nurse is unable to do so, the NICU Team Leader will order in their place
The ordering form is kept in the designated TPN folder in the medication room (this includes ordering stickers)
This order is sent from Pharmacy to Baxter and delivered to the NICU TPN and Lipid fridge every Thursday in the same week
A record of stock levels is kept using a white board near the TPN fridge in the medication room
Staff are to mark on the white board when they have removed stock from the fridge according to the type of TPN and Lipid. This helps create an accurate tally of stock for easy ordering
If the stock level is low, the NICU Team Leader (TL) and Access/Retrieval Nurse can order new stock from pharmacy stock holdings
Emergency ordering for stock not held by pharmacy requires 2 business days for delivery with the cut off time at 11am
TPN with additives should be scanned to IV room each morning 
Please note that IV room closes at 12pm on weekdays and closed on weekends and public holidays and that TPN with additives takes 48 hours for delivery from Baxter
Staff may also be asked to provide a TPN bag to Pharmacy for creating TPN with additives

[bookmark: _Toc106992267]4.2 – Hanging Time for TPN and Lipids
The majority consensus recommended a hanging time of 48 hours for TPN solution and Lipid in the Neonatal Intensive Care Unit
Special TPN with additives can also be hung for 48 hours
The bags and lines should be discarded at the end of each infusion

4.3- Ordering Special TPNNote:
Individualised TPN will not be manufactured from scratch at TCH under any circumstance.

The Pharmacy IV room can make some manipulations to TPN based on an infant’s individual requirements. The following manipulations are available:
•	Extra sodium
•	Extra potassium
•	Extra glucose.

Individualised or Special TPN can be made available via a partnering commercial compounding facility (Baxter), which should be discussed with the ward pharmacist or a validated IV room pharmacist. Organising supply of individualised TPN should only be considered in limited circumstances, where accepted additions (as listed above) do not suffice and must be run via a central line. 

The consensus neonatal tailored TPN order form should be completed by a medical officer (weekdays only) following discussions with ward/IV room pharmacist and faxed or emailed to Baxter. To access this from, contact Pharmacy or Baxter. Once solubility is confirmed by Baxter, the order will be posted to Canberra Hospital. There is a 48-hour turnaround time for Special TPN orders with the cut off time at 11am.

Back to Table of Contents Note:
The nutritional content of each 2022 TPN bag as compared to recommended ESPGHAN 2018 and NICE 2020 guidelines are shown in Attachment 1 and 2 respectively.
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5.1 – Total Parenteral Nutrition 
Energy
ESPGHAN 2018 guidelines recommend a minimum energy intake of at least                    45-55 kcal/kg/day in premature neonates on the first day of life. NICE 2020 guidelines recommend a similar intake of 40-60 kcal/kg/day 
After the initial postnatal nadir of weight loss, aiming for a weight gain of                          17-20 g/kg per day in very low birth weight infants is recommended to prevent dropping across weight centiles i.e., growth failure 
In very low birth weight infants, to approximate intra-uterine lean body mass accretion and growth, energy intakes of 90-120 kcal/kg/day should be provided 
A newborn infant receiving TPN needs fewer calories (90–100 kcal/kg/day) than a newborn fed enterally because there is no energy lost in the stools and there is less thermogenesis
The 2022 proposed starter TPN solution at 60 ml/kg/day (33 kcal/kg/day) and Lipid emulsion at 2 g/kg/day (18 kcal/kg/day) provides approximately 51 kcal/kg/day, and the standardised preterm TPN solution at 135 ml/kg/day (70 kcal/kg/day) and Lipid emulsion at 3 g/kg/day (27 kcal/kg/day) provides approximately 97 kcal/kg/day 

Fluids
· Commence fluid intake at 60 mL/kg/day with daily increase by 20-30 mL/kg/day to an average maximum of 150 mL/kg/day. 
· Consider starting fluid intake at 80mL/kg/day for infants <1.5kg, due to higher water loss
· Strict fluid balance charts should be kept for all patients on TPN 
· Intake from all sources (medications, enteral feeds) must be considered when determining the volume of TPN required 
· For those patients with limited fluid allowed due to fluid restriction or multiple intravenous medications, concentrated TPN solutions are available 
· TPN is not a suitable fluid for resuscitation or correction of rapidly changing fluid losses. Separate infusion of intravenous fluid should be used
· Standardised TPN should be formulated to provide the Reasonable Nutrient Intake at a total water intake of 150 ml/kg/day. This includes 135 ml/kg/day of AA/Dextrose formulation and 15 ml/kg/day water in the 20% lipid emulsion
· For unwell infants with multiple non-protein intravenous infusions such as inotropes and opioid analgesics contributing to a significant proportion of fluid volume, the concentrated TPN formulations provide an adequate nutrient and mineral intake on a lower volume  

Sodium, Potassium, Chloride and Acetate
· Water and sodium balances change over time after birth. Initially, there is net water loss with extracellular volume contraction and weight loss causing hypernatremia. Subsequently, there is net sodium loss owing to higher sodium fractional excretion in premature kidneys resulting in hyponatremia
· Electrolytes (Na, Cl and K) should be supplied starting during phase I/contraction of extracellular fluid compartment/initial loss of body weight
· Cl intake should be slightly lower than the sum of Na and K intakes (Na+K-Cl =1-2mmol/kg/d) to avoid excessive Cl intakes and risk of iatrogenic metabolic acidosis
· In ELBW and VLBW infants, Na and K may be recommended from the first day of life when giving the recommended high amino acids and energy supply, providing that urine output is ascertained, and considering the potential for the development of non-oliguric hyperkalaemia
· Minimal Na intake on day 1 using a starter TPN formulation. Sodium in starter formulation is a component of organic phosphorus (P) (sodium glycerophosphate which contains 2 mmol Na per 1 mmol of phosphate). Given the current recommended intake of P on day 1 of life is about 1 mmol/kg/day, proposed 2022 starter formulation provides 2 mmol/kg/day of Na on day 1 of life 
· Provide Na intakes of 5.4 mmol/kg/day and 3.4 mmol/kg/day at 135 mL/kg/day respectively5 
· Provide K intake as below5:
· Starter formulation at 60 mL/kg/day: 0 mmol/kg/day
· Standard preterm formulation at 135 mL/kg/day: 3 mmol/kg/day
· 34 wk-Term formulation at 135 mL/kg/day: 2.7 mmol/kg/day
· Hyperchloremia (>115 mmol/L) is common in VLBW infants on TPN and is associated with hyperchloremic acidosis. ESPGHAN 2018 recommend “Cl-free” Na and K solutions in preterm infants on TPN to reduce the risk of metabolic acidosis. Incidence of hyperchloremia and acidosis can be reduced by partly replacing chloride with acetate in TPN. However, excess acetate can lead to hypercarbia
· Acetate in TPN formulation: Sodium acetate is an alkalinising agent. It is metabolised in the liver to bicarbonate. Sodium acetate can be used as the source of sodium replacing sodium chloride in TPN solution in preterm neonates. The 2022 formulations contain sodium glycerophosphate as the source of organic phosphate and the intake of sodium from this source cannot be altered for a given amount of phosphate. Therefore, the option of adding acetate greater than 15 mmol/L in preterm formulation is not feasible  
· Provide acetate intake as below5:
· Starter TPN formulation at 60 mL/kg/day: 0 mmol/kg/day
· Standard Preterm TPN formulation at 135 mL/kg/day: 2 mmol/kg/day
· 34 weeks to Term TPN formulation at 135 mL/kg/day: 1.1 mmol/kg/day.

Calcium, Phosphate and Magnesium
The recommended parenteral intake for calcium (Ca) and phosphorus (P) (Mg) in newborns on TPN in mmol (mg)/kg/d is given in Attachment 2 and 3
In preterm infants on early TPN during the first days of life lower Ca, P and Mg intakes are recommended than in growing stable preterm infants 
In preterm infants with intrauterine growth restriction on TPN, careful monitoring of the plasma phosphate concentration within the first days of life is required to prevent severe hypophosphatemia that can result in muscle weakness, respiratory failure, cardiac dysfunction, and death
In early TPN when calcium and phosphorus intakes are low, and protein and energy are optimized it is recommended to use a molar Ca:P ratio below 1 (0.8-1.0) to reduce the incidence of early postnatal hypercalcaemia and hypophosphatemia. Thereafter a Ca:P ratio of 1-1.3:1 is recommended
In infants and children on TPN regular monitoring of the individual alkaline phosphatase, Ca, P and Mg plasma concentrations and Ca and P urine concentrations is required (allowing slight surplus of Ca and P in the urine)
Compared to 2017, the 2022 formulations have several changes to Ca and P concentrations to reflect these recommendations
· Starter TPN at 60 mL/kg/day: Ca 0.8 mmol/kg/day, P 1.0 mmol/kg/day and Ca:P ratio 0.8:1.0.
· Standard Preterm TPN at 135 mL/kg/day: Ca 2.7 mmol/kg/day, P 2.7 mmol/kg/day and ratio 1:1.
· 34 Week to Term TPN at 135 mL/kg/day: Ca 1.2 mmol/kg/day, P 1.2 mmol/kg/day and ratio 1:1.
Mg: A minimum Mg intake of 0.2 mmol/kg/day and maximum 0.3 mmol/kg/day is considered appropriate for LBW infants. The consensus formulations provide 0.2 mmol/kg/day of Mg

Amino Acids
· In preterm infants the amino acid supply should start on the first postnatal day with at least 1.5 g/kg/d to achieve an anabolic state 
· In preterm infants the parenteral amino acid intake from postnatal day 2 onwards should be between 2.5 g/kg/d and 3.5 g/kg/d and should be accompanied by non-protein intakes >65 kcal/kg/d and adequate micronutrient intakes 
· A minimum amino acid intake of 1.5 g/kg/d should be administered to stable term infants to avoid a negative nitrogen balance while the maximum amino acid intake should not exceed 3.0 g/kg/d 
· The 2022 Consensus remains the same as 2017 consensus: (1) commence parenteral AA within the first 24 hours of birth, (2) commence parenteral AA at 2 g/kg/day and (3) incrementally increase amino acid infusions to a maximum 4 g/kg/day by day 3-5 of life in preterm neonates
· The 2022 consensus noted the latest ESPGHAN 2018 recommendation of maximum 3.5 g/kg/day of AA and NICE 2020 recommendations of maximum 4 g/kg/day. The consensus group also noted the findings of the Australian study that reported the actual intake of AA using the consensus formulations average around 3.5 g/kg/day
· Recommended amino acid intake in neonates is shown in Table 3

	TABLE 3. RECOMMENDED AMINO ACID INTAKE IN NEONATES

	Infant group
	Amino acid intake g/kg/day

	Preterm infants
     Day 1
     Day 2 onwards
	
1.5 g
2.5-3.5

	Term infants
	1.5-3.0





Glucose 
· The amount of glucose to be provided by TPN should be guided by the balance between meeting energy needs and the risks of overfeeding/excess glucose load, phase of illness (acute, stable, recovery/growing), macronutrient supply by enteral and TPN, and glucose administered outside enteral and TPN, e.g., with medication 
· Excessive glucose intake should be avoided because it may be responsible for hyperglycaemia, causes increased lipogenesis and fat tissue deposition together with subsequent liver steatosis and enhanced production of VLDL triglycerides by the liver, and may cause increased CO2 production and minute ventilation 
· Maximal glucose oxidation has been reported in preterm infants to be 8.3 mg/kg per min (12 g/kg per day) and in term infants 13 mg/kg per min (18 g/kg per day)
· Glucose intake does not lower protein catabolism in the acute phase of critical illness
· Recommended parenteral glucose supply in (pre)term newborns in mg/kg per min (g/kg per day) is shown in Table 4
· Newborns < 28 days of age, who have an episode of acute illness such as infection or sepsis, should temporarily receive the carbohydrate supply of day 1 guided by the blood glucose levels 
· The  preterm and term TPN formulations contain 10% dextrose providing 9.4 mg/kg/min (13.5 g/kg/day) at 135 ml/kg/day 5

	TABLE 4: RECOMMENDED PARENTERAL GLUCOSE SUPPLY IN NEONATES IN MG/KG/MIN (G/KG/DAY)

	Infant group
	Day 1
Start with
	Day 2 onwards
Increase gradually over 2-3 days to

	Preterm
	4-8 (5.8-11.5)
	Target 8-10 (11.5-14.4)
Min 4 (5.8); max 12 (17.3)

	Term
	2.5-5 (3.6-7.2)
	Target 5-10 (7.2-14.4)
Min 2.5 (3.6); max 12 (17.3)



[bookmark: _Toc106992271]5.2 – Lipids, Omegaven, Multivitamins, and Trace Elements

LipidsNote:
SMOF-VIT formulations are designed in such a way that dosing is as follows:
1 g/kg/day equates to 6 mL/kg/day
2 g/kg/day equates to 12 mL/kg/day
3 g/kg/day equates to 18 mL/kg/day


· Administration of Lipids in premature infants requiring TPN provides essential fatty acids and increases caloric intake with a low volume Lipid intake should provide 25-50% of non-protein calories in fully parenterally fed patients 
· In preterm infants, Lipid emulsions can be started immediately after birth and no later than on day two of life and for those in whom enteral feeding has been withdrawn, they can be started at time of TPN initiation
· Lipid emulsions should be protected by validated light-protected tubing
· Commence lipids at 1-2 g/kg/day and increase daily by 1g/kg/day. Parenteral Lipid intake should not exceed 4 g/kg/day
SMOF 20% (soybean oil 30%, medium chain triglycerides 30%, olive oil 25%, fish oil 15%) is the Lipid solution of choice for most neonatal and paediatric patients. If indicated, other Lipids may be ordered upon request:
· Intralipid 20% (soybean oil)
· Omegaven 10% (fish oil)
Vitamins: Both Soluvit (water soluble vitamins) and Vitalipid N (fat soluble vitamins) are added to neonatal Lipid solutions. See Table 6 
	TABLE 6: SMOF-VIT FORMULATIONS (FINAL CONCENTRATION 0.167G/ML)

	Contents
	45 mL syringe (For ≤1 Kg)
	151 mL bag (For > 1Kg)

	SMOFlipid
	32.5 mL
	109 mL

	Soluvit N
	2.5 mL
	8.4 mL

	Vitalipid N Infant
	10 mL
	33.5 mL


In view of benefits with restricted fluid intake, Lipids should be included in the total fluid intake, which equates to 15 ml/kg/day of water when the lipid intake reaches 3 g/kg/day (Lipid emulsions contain 80% water, so 1 gm/kg lipids = 5mL/kg water) 
· Suggested plasma triglyceride monitoring: 
· Consider plasma triglyceride levels before each step of increase to 3 g/kg/day and then 24 later and then whenever the infant is sick as long as the infant is on Lipid emulsions. If triglyceride levels >2.8mmol/L, consider reducing the Lipid emulsions by 1 g/kg/day increments but continue at least 0.5g/kg/day to prevent essential fatty acid deficiency

OmegavenNote:
Omegaven dosing are as follows:
1g/kg/day: 10.5mL/kg/day
2g/kg/day: 21mL/kg/day

Omegaven is a pure fish oil lipid available as a 10% sterile intravenous solution for use in infants on long term TPN with TPN induced liver disease. 
· Commence Omegaven Lipids in infants with TPN associated cholestasis with a conjugated SBR of > 35 micromol/L and predicted TPN use for more than 21 days
· Omegaven can be used as a sole Lipid source up to a max of 2g/kg/day.  SMOF Lipid can used in conjunction with Omegaven to get to 3g/kg/day, if required
· Omegaven has been shown to reverse TPN induced cholestasis. However, there is no evidence that it prevents cholestasis in neonates; hence prophylactic use should be avoided
· Omegaven should be ceased with 2 consecutive conjugated SBR values < 17 micromol/L or when the infant tolerates enteral feeds adequate to cease TPN
· Omegaven is not TGA approved in Australia. An SAS form needs to be completed with each prescription before it could be issued from Pharmacy
· Omegaven 10% can be supplied as a premixed syringe (50mL), or bag (150mL) mixed with soluvit and vitalipid from Baxter. See Table 7 and 8 for Omegaven Formulations

	TABLE 7: OMEGAVEN FORMULATION -50 ML SYRINGE

	Omegaven 10%
	36 mL

	Vitalipid 10% 
	11.2 mL

	Soluvit-N reconstituted in WFI 
	2.8 mL

	Total 
	50 mL


 
	TABLE 8 – OMEGAVEN FORMULATIONS – 150 ML IV BAG

	Omegaven 10% 
	108 mL

	Vitalipid 10% 
	33.6 mL

	Soluvit-N reconstituted in WFI 
	8.4 mL

	Total
	150 mL



Multivitamins
There is no optimal neonatal vitamin formulation available. In neonates, water- and fat-soluble vitamins (Soluvit N® and Vitalipid N Infant® 10%) are added to the Lipid emulsion to increase the vitamin stability. For composition of Multivitamin and Trace Elements in Baxter AusPen, see Attachment 5.
Vitalipid N Infant: 
· Fat soluble vitamin in 10% fat
· Used for infants and children less than 5 kg 
· Recommended dose: 4 mL/kg maximum of 10 mL/day 
Soluvit: 
· Water soluble vitamin
· Used for infants and children < 5 kg
· Recommended daily dose: 1 mL/kg maximum of 10 mL/day

Composition of the various vitamin solutions are described in Attachment 4.

Trace Elements
Baxter AusPEN Trace Elements are added to premixes at a dose of 1mL/kg to a maximum of 10kg 
Composition of AusPEN Trace Elements is described in Attachment 4
Additional Zn and Selenium are added to meet optimal requirements in neonates
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TPN should be weaned as the enteral feeding is graded up
Consider ceasing Lipids once the enteral feeds are tolerated at 100 -120 mL/kg/day or when the TPN is running at the rate of <1mL/hour
Consider ceasing TPN once the infant is tolerating 120-140 mL/kg/day of enteral feeds
Cycling of TPN is an evidence-based practice to prevent/limit TPN-associated liver disease caused by continuous infusions of glucose, amino acids, and Lipids
During cycling TPN is weaned and stopped for few hours a day. Refer to Sydney Children’s Hospital TPN guideline for more information on cycling
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TPN associated liver disease (TPNALD), or cholestasis (TPNAC) is defined as liver disease that arises as a consequence of prolonged TPN (usually >=14 days)
Risk factors for TPNALD include prematurity, short bowel syndrome, sepsis, lack of enteral feeding, duration of TPN, phytosterols in IV lipids (soyabean oil)
Diagnosis is made on clinical grounds if other specific causes of liver disease or cholestasis are excluded
TPN associated liver disease can be prevented by transitioning to enteral feeds as rapidly as tolerated, preventing infections (CLABSI), limiting soyabean based Lipids, cycling of TPN, and limiting glucose intake (<9.3 mg/kg/min)
Established TPNALD can be treated by reducing soya-based Lipids and/or using Omegaven as primary lipid source, continuing and grading enteral feeds, TPN cycling (in older infants) and commencing Ursodeoxycholic acid (UDCA). 
Infants needing prolonged TPN with established TPNALD need additional biochemical monitoring including iron studies, folate, Vit B12, Vitamin A, D and E, coagulation profile, selenium, and zinc at 1 month and then quarterly. Refer to Sydney Children’s Hospital Paediatric Total Parenteral Nutritional Practice Guideline for more details.
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Outcome
This guideline will be implemented and communicated to all clinical Nursing, Midwifery, Medical, Allied Health and Staff Specialists 
Incorporation of this policy with be implemented via:
· Staff In-service
· Orientation into the NICU 
· Clinical training of staff within the unit
· Interdisciplinary in-services of new policy guidelines and procedures

Measures
Postnatal growth 
Central line related infections/1000 Central line days
Biochemical abnormality whilst on TPN
Nutritional rehabilitation and establishment of enteral feeding in patients with short bowel syndrome
Complications as results of long term of use TPN
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Policies
Nursing and Midwifery Board of Australia (NMBA) Requirements for Practice 
Informed Consent- Clinical
Medication Handling Policy
Medication Safety Policy
Preventing and Controlling Healthcare Associated Infections Policy 

Procedures
Infection Prevention and Control Procedure 
Patient Identification and Procedure Matching Procedure
Aseptic Technique Procedure 
Blood Collection using Heel Lance Device (Neonates) Procedure 

Guidelines 
Venous & Arterial Access Management in the Department of Neonatology
Central Venous Access Device (CVAD) Management - Children, Adolescents and Adults (Not Neonates)
Pathology Specimen Handling and Transportation
Patient Identification- Pathology Specimen Labelling
National Standard for User applied Labelling of Injectable Medicines, Fluids and Lines

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

Other
•      Australian Charter of Healthcare Rights
· Medication Safety National Standard

Forms
Daily Checklist for Central Line Maintenance
Standard Neonatal Intensive Care Enteral and IV Fluid Orders
Special Neonatal Intensive Care IV Fluids Orders
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Abnormal serum ammonia: > 122 μmol/L 
Abnormal urea levels: > 14.3 mmol/L
Cholestasis: serum level of direct bilirubin > 20% of total serum bilirubin or serum level of direct bilirubin > 34 mmol/L
CLABSI/1000 Central line days: derived by the temporal association with a central line up to 48 hours post removal unless manually coded as not central line associated
CLABSI: Central line associated blood stream infection = Positive Bacterial Blood Cultures are used for the numerator if they are CODED as Definite Infection 
Hypernatremia: Na >150 mmol/L
Hyponatraemia: Na <130 mmol/L
Hyperkalaemia: K+ ≥6.5 mmol/L
Hyperchloremia Cl >110 mmol/L 
Hyperglycaemia: plasma glucose > 8.3 mmol/L; any hyperglycaemia treated with insulin therapy
Hypoglycaemia: <2.6mmol/L
Late-onset sepsis: Positive Bacterial Blood Cultures are used for the numerator if they are CODED as Definite Infection after 48 hours age. [ANZNN data]
Metabolic acidosis: where pH < 7.25 or base excess (BE) > -5, or both
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Total Parenteral Nutrition, Parenteral Nutrition, PN, Neonatal, Neonate, Infant, intravenous therapy, NICU, TPN, Lipids, Vitamins, Omegaven, Lipid Emulsion, SMOF Lipids.
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[bookmark: _Toc106992283]Attachment 1: Management of NICU TPN Stock
Introduction
NICU TPN is often needed at unusual times. Storage of the TPN in nursery reduces delays in treatment and allows for a wider range of TPN to be available. By working closely with Pharmacy Manufacturing Services, wastage should also be reduced. The stock levels set in this document are based on average use per week. TPN should only need to be ordered by nursing staff weekly during periods of normal activity.
Process

NICU staff will email the IV room (CHS.PharmacyIVroom@act.gov.au) on Tuesdays by 10am regarding re-order quantities for the week. This should include any stock that is expected to expire. This stock will be delivered to the team leader Thursday by pharmacy staff with the imprest medications. 
The Retrieval Nurse or CNM will be responsible for liaising with pharmacy regarding stock levels.
Expiry dates will be written on the colour coded labels on the outside of the tubs. It is the responsibility of the Nurse receiving stock to update and rotate stock.
Any unexpected increases in use will be communicated to the IV room to allow for TPNs to be ordered and delivered before required (48 hour turn around).
Orders requiring additives should be scanned to the IV room each morning for delivery that day.
The bulk order will be delivered with the imprest on Thursdays

	STOCK HOLDINGS FOR THE NICU 

	Starter TPN
	5 bags

	Starter Concentrated
	5 bags

	Standard Preterm
	10 bags

	Concentrated Preterm
	5 bags

	Peripheral Preterm
	10 bags

	7.5% Glucose Preterm
	7 bags

	High Sodium Preterm
	5 bags

	34 Weeks to Term
	                    10 bags



	STOCK HOLDINGS FOR PHARMACY

	Starter TPN
	5 bags

	Standard Preterm
	5 bags

	Peripheral Preterm
	10 bags

	34 Weeks to Term
	10 bags



Pharmacy stocks should be used to replace NICU stocks where possible to reduce wastage. These stock holdings are designed to reduce the amount of TPN discarded and have a system that is more responsive to our needs. These stock levels should be flexible around the current patient group to get the most out of the system
Lipid stocks are more complicated due to the short expiries. The NICU fridge will only be able to hold up to ten of each due to space. Additional stock will be kept in pharmacy and supplied as required
Pharmacy will hold an additional 10 units of each product based on current and expected use. This should be discussed between the IV room and NICU staff member placing the order on Tuesday (e.g., how many infants expected to cease)

· See Sample NICU TPN & Lipid Imprest Order Form below
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[bookmark: _Toc106992284]Attachment 2 - The Nutritional Content Of 2022 TPN Bags as Compared to Recommended ESPGHAN 2018 And NICE 2020 Guidelines In Preterm Infants

	Nutrient
	ESPGHAN 2018
	NICE 2020
	Baxter
Starter at 60
	Baxter starter concentrated at 40
	Baxter
Standard preterm at 135
	Baxter preterm concentrated at 100
	Baxter
7.5% D at 135
	Baxter
High Na at 135
	Baxter
Peripheral

	Energy, kcal/kg/day
Minimum Stable phase
	45-55
90-120*
	40-60
75-120
	33 (+lipids)
	28

	70
	66
	57.3
	70
	

70

	Protein, g/kg/day
Minimum Stable phase
	1.5
2.5-3.5
	1.5-2
3-4
	2.25
	2
	4.05
	4
	4.05
	4.05
	4.05

	Ca, mmol/kg/da
First 48 hours
After 48 hours
	0.8-2.0
1.6-3.5
	0.8-1.0
1.5-2.0
	0.84
	0.84
	2.7
	2.7
	2.7
	2.7
	1.35

	P, mmol/kg/day
First 48 hours
After 48 hours
	1-2
1.6-3.5
	1
2
	1.02
	1.0
	2.7
	2.7
	2.7
	2.7
	1.35

	Ca:P ratio
First 48 hours
After 48 hours
	0.8:1.0
1:1
	0.75:1.0
1:1
	0.8:1.0
	0.84:1.0
	1:1
	1:1
	1:1
	1:1
	1:1

	Na, mmol/kg/day$
Day 1
Stable phase
	0-2
3-5
	Na can be given on day 1.
	2
	2
	5.4
	5.4
	5.4
	8.1
	5.4

	Cl, mmol/kg/day
Day 1
Stable phase
	0-3
3-5
	No specific recommendation
	0.43
	0.38
	1.71
	1.67
	1.71
	2.93
	2.92

	K, mmol/kg/day
Day 1
Stable (<1500g)
	0-3
2-5
	No specific recommendation
	0
	0
	2.97
	3.5
	2.97
	2.97
	2.97

	Acetate, mmol/kg/day
Day 1
Stable
	
	
	0
	0
	2.0*
	2.6*
	2.0*
	3.5
	3.5





[bookmark: _Toc106992285]Attachment 3- The Nutritional Content Of 2022 TPN Bags as Compared to Recommended ESPGHAN 2018 And NICE 2020 Guidelines in Term Infants

	Nutrient
	ESPGHAN 2018
	NICE 2020
	34w-Term at 120-135

	Energy, kcal/kg/day
Minimum
Recommended
	45-50
75-85*
	40-60
75-120@
	59-66.4

	Protein, g/kg/day
Minimum
Recommended
	1.5
Max 3
	1.0-2 g/kg/day
2.5-3.0 g/kg/day
	2.8-3.1

	Ca, mmol/kg/day
First 48 hours
After 48 hours
	0.8-1.5
0.8-1.5
	0.8-1.0
1.5-2.0
	1.1-1.2

	P, mmol/kg/day
First 48 hours
After 48 hours
	0.7-1.3
0.7-1.3
	1
2
	1.1-1.2

	Ca:P ratio
First 48 hours
After 48 hours
	0.8:1.0
1:1
	0.75:1.0
1:1
	1:1

	Na, mmol/kg/day
Day 1
Stable phase
	0-2
2-3
	Na can be given on day 1
No specific recommendation
	3-3.4

	Cl, mmol/kg/day
Day 1
Stable phase
	
0-3
2-3
	No specific recommendation
	1.1-1.2

	K, mmol/kg/day
Day 1
Stable phase
	
0-3
1.5-3.0
	No specific recommendation
	2.4-2.7

	Acetate, mmol/kg/day
Day 1
Stable phase
	
	
	1-1.14


Key Description:
*: Lower than ESPGHAN 2005 recommendations of 90-100 kcal/kg/day
#: lower than ESPGHAN 2005 recommendations of up to 4 g/kg/day.
@: For term infants who are critically ill or have just had surgery, consider giving parenteral energy at the lower end of the starting range in recommendation and gradually increase to the intended maintenance intake.
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	TPN
	Starter
	Starter Concentrated
	Standard
Preterm
	Concentrated Preterm
	High
Sodium
	7.5% Glucose
Preterm
	Peripheral preterm
	34 weeks to Term

	Colour Code
	Green
	Pink
	Orange
	Light Green
	Yellow
	Purple
	Blue
	Red

	Indication
	Birth to 24-48 hours
	Birth to 24-48 hours-with multiple non-TPN infusions running
	After 24-48 hours
	After 24-48 hours-infants on half feeds (weaning TPN) or on restricted fluids
	Hyponatremic
Preterm
	Hyperglycaemic
Preterm
	No central line
	After 24-48 hours

	
	Concentration per litre

	Amino acids, g
	37.5
	50
	30
	40
	30
	30
	30
	23

	Glucose, g
	100
	125
	100
	125
	100
	75
	100
	100

	Sodium, mmol
	34
	50
	40
	54
	60
	40
	40
	25

	Potassium, mmol
	0
	0
	22
	35
	22
	22
	22
	20

	Calcium, mmol
	14
	21
	20
	27
	20
	20
	10
	9

	Magnesium, mmol
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5

	Phosphate, mmol
	17
	25
	20
	27
	20
	20
	10
	9

	Chloride, mmol
	7.1
	9.6
	12.7
	16.7
	21.7
	12.7
	21.7
	9

	Acetate, mmol
	0
	0
	15.1
	26
	26
	15.1
	26
	8.5

	Zinc, microg
	3250
	4250
	3267
	4700
	3267
	3267
	3267
	1896

	Selenium, microg
	30
	30
	30
	30
	30
	30
	30
	22.5

	Iodine, microg
	10
	15
	10
	15
	10
	10
	10
	7.5

	Heparin, units
	500
	500
	500
	500
	500
	500
	500
	500

	Osmolarity, mOsm
	944
	1226
	957
	1242
	997
	818
	919
	846

	
	At 60mL/kg/day
	At 135 mL/kg/day 

	Amino acids, g
	2.3
	
	4.1
	
	4.1
	4
	4.1
	3.1

	Glucose, g
	6
	
	13.5
	
	13.5
	10.1
	13.5
	13.5

	Sodium, mmol
	2
	
	5.4
	
	8.1
	5.4
	5.4
	3.4

	Potassium, mmol
	0
	
	3.0
	
	3.0
	3.0
	3.0
	2.7

	Calcium, mmol
	0.8
	
	2.7
	
	2.7
	2.7
	1.3
	1.2

	Magnesium, mmol
	0.1
	
	0.2
	
	0.2
	0.2
	0.2
	0.2

	Phosphate, mmol
	1
	
	2.7
	
	2.7
	2.7
	1.3
	1.2

	Chloride, mmol
	0.4
	
	1.7
	
	2.9
	1.7
	3
	3.1

	Acetate, mmol
	0
	
	2
	
	3.5
	2
	2
	1.1

	Zinc, microg
	195
	
	441
	
	441
	441
	441
	255

	Selenium, microg
	2.7
	
	6.1
	
	6.1
	6.1
	6.1
	3

	Iodine, microg
	0.6
	
	1.4
	
	1.4
	1.4
	1.4
	1

	Cu, microg
	12
	
	27
	
	27
	27
	27
	20
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Multivitamins
	COMPOSITION OF MULTIVITAMINS

	Vitamins
	Vitalipid N Infant (10ml)
	Soluvit N (10ml)

	A (Retinol)
	69 micrograms
	

	D2 (Ergocalciferol)
	1 microgram (40 units)
	

	D3 (Cholecalciferol)
	
	

	C (Ascorbic acid)
	
	100 mg

	E (Alpha tocopherol)
	0.64 mg
	

	K (Phytomenadione)
	20 micrograms
	

	B1 (Thiamine)
	
	3.1 mg

	B2 (Riboflavin)
	
	3.6 mg

	B3 (Niacin)
	
	40 mg

	B6 (Pyridoxine)
	
	4 mg

	B12 (Cyanocobalamin)
	
	5 micrograms

	Folic Acid
	
	400 micrograms

	Pantothenic acid
	
	15 mg

	Biotin
	
	60 micrograms


 
Trace elements
AusPEN Trace Elements are added to premixes at a dose of 1mL/kg to a maximum of 10kg. 
	COMPOSITION OF BAXTER AUSPEN TRACE ELEMENTS

	Element
	Micrograms per mL
	Micromoles per ml

	Zinc
	91
	1.4

	Copper
	38
	0.58

	Manganese
	2.2
	0.04

	Selenium
	3.1
	0.04

	Chromium
	0.25
	0.005

	Iodine
	6.4
	0.05
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Please send completed forms to chs.pharmacyivroom@act.gov.au before 10am Tuesday

NICU TPN & LIPID IMPREST ORDER FORM
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CANBERRA HOSPITAL - Pharmacy Department
MODIFIED NEONATAL PARENTERAL NUTRITION (PN) ORDER FORM

Complete form and email to your local Baxter Compounding site before 11am (Mon - Fri).
‘Contact us on 1800 229 837 for further assistance.

Contact Person:

Phone Number.

Ordering Hospita:

Prescrver Signature: Purchase OrderNo
Date Reauired Noofbags:

o order a modifed NIC PN solton ol reauired pe L for each ngrediet. Fommulations ofstandard NIC
codes over page
Based on standard NIC code (see over page) NIC-
Total Volume required mL
e e SO
N vl may e s b st b Barar depending o ot eI

Wiaximins
Amino Acid (as Primene) alL sogL
Glucose giL| 20091
‘Sodium ‘mmol/L. 100 mmolL.
Potassium mmol/L. 100 mmolL.
Magnesium ‘mmol/L. 10 mmoliL.
Calcium ‘mmol/L. 30 mmolL2
Phosphate (as Organic Phosphate)'- ‘mmol/L. 30 mmolL*
Acetate imaumum to ve spectiea r exra secroytes
e mmol/L e
Heparin 500 units/L. 2000 unitsiL.
Paediatric Trace Elements muUL AmUL
PasciaticTrace lemants 1 L cotentbelow. oy rd aryrcuiad ADDITIONAL TE, o sl v bank:
Zinc (as single TE) ::::- .‘.:lm' rogram/
s i1 e 20| microgram/L | et
‘Copper (as single TE) 380 microgramiL.
e 20| microgramiL | g ertinn
‘Selenium (as single TE) 31 microgram/L.
e = | microgram/L | *mueEimy
lodide Jle TE) 84 microgram/L.
Lt 1o | microgram/L | %oy

“Pnosphate added 25 Sodum Glyoero Phosphate WHh sorains T ol Phosphate 37 2 mmelmL. Sodum
2Addtional CalclumiPhosphate may be possile with a eview of the full soluton, contact Bavter 0 iscuss.

[Baxtr eml Use: | U DT code: DTENCHODZA

Updated 6 Jun 2024 (v2)

Baxter





image2.jpeg
ACT Canberra Health
Government Services





