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Recommendations

1. All parenteral nutrition (PN) admixtures should be administered via a filter with a pore size of 1.2 ym (micron).

2. Aqueous (lipid-free) PN admixtures can be administered via 0.2 uym filter. This is considered good practice.

3. PN filters and administration sets should be changed every 24 hours, with each new PN container, as per manufacturer
guidance.

4. Use of filters integrated into giving sets, where available is preferable to separate filters, to reduce the number of
connections, and thereby, infection risk.

5. Compatibility of IV administration sets and filters is dependent on the make of infusion pump and must be considered
during the procurement process.

6. All manufacturer Summary of Product Characteristics (SPC) for PN bags/components need to be standardised and
indicate minimum filtering requirements.

Introduction

PN is an aseptically produced mixture of medicinal products intended for intravenous use, and therefore known as an
admixture. It is administered to patients with intestinal failure when nutritional requirements cannot be met using the gastro-
intestinal tract. It is a complex medicinal product containing over 40 ingredients including amino acids, lipid emulsion,
glucose, vitamins, trace elements, electrolytes and water. It is most commonly infused as a rate-controlled infusion by the
central venous route. Concerns about physico-chemical stability, microbial contamination, catheter-related sepsis coupled
with high monitoring demands categorise PN as a high-risk associated medicine.!

Patient safety incidents and harmful events related to PN contaminated by particulate matter or micro-organisms that enter
during the compounding or administration processes, or precipitates that develop

in the bag due to physico-chemical processes are not uncommon and need to be  Table 1. Common filters in healthcare
controlled. Identifying a root cause for each incident can be difficult and the use of

filters during administration may help by removing particulate matter, and some Clear fluids e.g. 15 ym
micro-organisms. The success of this approach will depend on the pore size of the crystalloid

filters used and nature of the infusion. Filters are a special porous device used to Blood components 170-200 ym
prevent the passage of air or particulate matter. Available filters vary in pore size Lipid infusions 1.2 um

and presentation, and it is vital that the nature of the filtrate is considered with filter
pore size (see Table 1).2

The aim of this position statement is to review the available evidence, international best practice guidance and to provide
advice on best practice for UK healthcare professionals involved in the provision of PN. This guidance is applicable to PN
administration in hospital and at home; for clarity, it will not differentiate between patient groups.

Current UK guidance

In 2001 a British Pharmaceutical Nutrition Group (BPNG) working group published a position statement on the use of filters
during PN preparation and administration.® The Group reviewed particle sizes of potential contaminants at different stages
of the PN manufacturing cycle and recommended 1.2 um filters for the administration of lipid containing admixtures, and
0.2 ym endotoxin-retaining filters for non-lipid containing admixtures.

The National Institute for Health and Care Excellence (NICE) guidelines for PN for adults* and neonates® provide no
guidance on the use of filters for PN administration. The Royal College of Nursing (RCN) in their Standards for infusion
therapy, which are currently under review, state that for lipid infusions or total nutrient preparations that require filtration, a
1.2 um filter should be used.2 The UK Injectable Medicines Guide (Medusa) in their PN monographs advise the use of 1.2
um filters, and in their paediatric guide, 1.2um filters for lipid-containing bags and syringes and 0.2um filters for aqueous
(lipid-free) admixtures.®” To our knowledge there is currently no other UK-based national guidance on filtering PN
admixtures.
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Different manufacturer SPCs for licensed multi-chamber bags and PN lipid and/or amino acid components vary in their
statements around the use of filters for PN administration.® Some omit any reference to filters, others advise if used should
be =21.2 um and permeable to lipids, or they recommend the use of a filter without reference to pore size. We found one
product SPC that stated the use of a 1.2 uym filter recommended for administration.

Global recommendations

There is varying global guidance from organisations with regards to PN administration and the use of filters. These
differences in the most recent guidance are outlined in Table 2. The US Food and Drug Administration (FDA) first issued a
statement in 1994 recommending the use of a filter when infusing PN, suggesting 0.22 um air-eliminating filters for non-
lipid mixtures, and 1.2 ym air-eliminating filters for lipid PN.°

Despite recommendations there remains a wide variation in practice.'® This may be related to the questionable strength of
available evidence, lack of awareness of the risks related to particulate contamination, the role of filters in eliminating
microbes, and problems such as low flow rates and occlusions during infusions. There may also be barriers related to cost
pressures, strength of justification to senior managers, or procurement issues.

Table 2. Outline of differences between global guidelines for the use of filters during PN administration.
Group (Country, Year) Patient group included Filter recommendation

Neonstes | Pacdatrics | Adults

IRSPEN (Ireland, 2024)"" ICH Yes No

0.2 um filter for aqueous PN and 1.2 ym for lipid PN. For 3-in-
1 PN mixtures 1.2-1.5 um filter

Yes Yes Yes 1.2 pm filter for all PN admixtures
HAS (France, 2018)'3 Yes No No Use antibacterial (0.22 pym) and anti-particulate (1.2 pm)
_ filters. Antibacterial filters cannot be used with lipids
ESPGHAN, ESPEN, No Yes No PN admixtures may be administered through a terminal filter:
ESPR, CSPEN (Europe lipid emulsions (or all-in-one mixes) through 1.2-1.5 pm filter;
& China, 2018)"4 aqueous admixtures through a 0.22 um filter
BPNG (UK, 2001)3 Yes Yes Yes 1.2-um filters should be used for lipid-containing admixtures
including all-in-one admixtures (changed every 24 hours). 0.2-

pm endotoxin-retaining filters should be used for non-lipid
admixtures (changed every 96 hours).

Abbreviations: American Society for Parenteral and Enteral Nutrition (ASPEN); Irish Society for Clinical Nutrition & Metabolism (IRSPEN);
Haute Autorité De Santé (HAS),; European Society for Paediatric Gastroenterology Hepatology Nutrition (ESPGHAN),; European Society
for Clinical Nutrition and Metabolism (ESPEN); European Society for Paediatric Research (ESPR); Chinese Society for Parenteral and
Enteral Nutrition (CSPEN); British Pharmaceutical Nutrition Group (BPNG)

Particulate contamination

When clinicians consider contamination in respect to PN, the default may be to first consider microbial contamination
(viable). However physical particulate contamination (non-viable) may be introduced via a number of mechanisms; during
the manufacture of source or final containers, during the compounding of preparations (e.g. glass or rubber), incompatibility
caused by storage or transport processes, or at the point of administration. Particulate matter could be visible or subvisible
and is categorised by the European Pharmacopoeia (EP) Chapter 2.9.19 and the United States Pharmacopoeia (USP)
Chapter <788> as undissolved particles contained in infused solutions.'®'¢ The Pharmacopoeias seek to define particle
limits in infusion solutions, but consideration should be given to how the processes above could further increase the
particulate levels within PN admixtures. Methods to reduce particulate load with the administration of PN are vital to ensure
patient safety.’” The number and size of particulates reported in PN admixtures has been reported in literature and results
vary in sampling strategy, timing and with differing formulation. There is a potential for particle size of lipid containing
admixtures to increase with time throughout the infusion duration. 819

Compounding practices vary according to process design; from manual additions, gravity fill methods, semi and automated
compounding devices. Compounders will seek to minimise the number of manipulations in order to minimise both microbial
and particulate risk which in turn could lead to variations in practice, such as the use of terminal filters during the production
processes.?20 The expectation is for robust quality assurance of the production process carried out by PN suppliers, and
processes may vary from manufacturer to manufacturer. As a result, a degree of variation in the recommendation of filter
use stipulated on labelling and packaging may be noted. In recent years; in order to ensure a stable supply chain, a degree
of flexibility has been required in order to move supply from one manufacturer or bag type to another. To mitigate this risk,
the use of a filter during administration would seem a justifiable approach to clinical risk management as end-users, and
thus makes it difficult to differentiate advice for filter use between patient groups given the common use of compounding
methods across cohorts.
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The role of the PN filter

Filters used in PN administration are most commonly available with membrane pore sizes of 0.2 um and 1.2 ym. These
filters can be an integral part of the intravenous administration set (integrated filter) or can be added as a separate device
to an administration set (add-on filter). Administration sets with an integrated filter do not require additional manipulation
(e.g. adding a filter to the set) thus potentially reducing infection risks. If a separate add-on filter is used it must be sited as
close to the patient as possible, thus removing contaminants as the infusion enters the bloodstream. Filter membranes can
have different characteristics and be made of different materials with different properties. Based on the properties of the
filter membrane material used, filters can be classed as 24-hour (0.2 or 1.2 ym filters) or 96-hour endotoxin-retaining filters
(0.2 um filters only). The 96-hour filters have a positively charged filter membrane that is capable of retaining bacterial
endotoxins during the infusion for up to 96 hours, due to binding to the negative charge of endotoxins.?12 Filters have
various priming volumes and maximum recommended flow rates and might be classed as adult, paediatric or neonatal.
Filters with smaller priming or hold-up volumes will also have a lower maximum recommended flow rate and are usually
used in neonates and paediatric patients.

The 0.2 um filters must not be used for the administration of lipid-containing PN as the range of lipid globules size in
parenteral intravenous lipid emulsion (IVLE) is 0.1-0.8 ym in diameter, with a mean diameter of 0.2-0.3 ym (similar to
naturally occurring chylomicrons), which could result in filter membrane blockage and disruption of the emulsion stability. A
stable IVLE has a mean droplet size not exceeding 0.5 um, with no more than 0.05% of droplets in the emulsion larger than
5 um.1221 Therefore, a 1.2 um filter should be used for the administration of lipid-containing PN and undiluted IVLEs, which
will retain enlarged lipid globules (larger than 1.2 um), particulate matter (e.g. plastic debris from syringes or extension sets;
stripped silicone oil from the syringe barrel), sizable microorganisms (e.g. Malassezia furfur, Candida spp.) and air
bubbles.312.22-24

The role of filters in PN administration is to protect the patient from the infusion of:

1. Air — protects the patient from air embolism and the harmful effects of infusing air bubbles, arising from e.g. outgassing
(spontaneous release of dissolved gasses from liquids) during infusion warming up, incomplete priming, accidental
disconnection or run-dry.25-27

2. Particulate contamination — arising from infusion systems (e.g. administration sets, extension sets, effect of IV pumps
on the silicone insert of the IV tubing during infusion), PN components (e.g. additives), manipulations (e.g. particles
introduced during manual or automated compounding or when connecting to the patient for administration) and
precipitates due to physico-chemical interactions between nutrient components (during compounding, storage or
administration) or co-administration of drugs.31217.26.28 Particles can be deposited in the microvasculature of the lungs
and other organs and may have detrimental clinical consequences.??3° Gross precipitation in admixtures (e.g. calcium
phosphate precipitation) has proved fatal and may be obscured by the presence of lipids.%3!

3. Bacterial contamination (and endotoxins if a 0.2 ym filter with positively charged membrane is used) — reducing the
risk of infection due to inadvertent contamination (e.g. during aseptic compounding or connection of PN for
administration).? The 1.2 um filters will only offer protection from microorganisms larger than 1.2 ym in size (e.g. some
pathogenic fungi).?3 24

4. Enlarged lipid globules (and free oil) — Lipid emulsions can with time become unstable, resulting in the formation of
oversized droplets or even free oil, if not compounded, stored or administered appropriately.2 A 1.2 um filter will protect
the patient from the infusion of lipid globules larger than 1.2 ym and destabilised emulsions.

Table 3. Outline of differences between filter types

Protection Air infusion — preventing air embolism e Air infusion — preventing air embolism

against e Particulate contamination e Particulate contamination (> 1.2 pm in size)
e  Microorganisms (except Mycoplasma spp. and e Enlarged lipid droplets (> 1.2 ym in size)
viruses) e  Micro-organisms > 1.2 ym in size (e.g. pathogenic
fungi like Candida sp. and Malassezia furfur)
e Aqueous (lipid-free) PN admixtures only e Lipid-containing PN admixtures and undiluted IVLE
GUCTEG P o Change every 24 hours e Change every 24 hours
life e Change every 96 hours — only endotoxin-retaining

filters with a positively charged membrane

Summary

PN patients receive a large volume of parenteral fluid therapy over a prolonged period of time, and unless this is filtered,
are at risk of unintentionally receiving large amounts of particulate material, which has no therapeutic use and is known to
be harmful.32 The omission of appropriate filters during PN administration can compromise patient safety and could lead to
increased morbidity and mortality.%1830.32 Based on the evidence and guidance currently available, the BPNG strongly
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advise that all PN is prepared and administered using appropriate filters to support patient safety, reduce exposure and
prevent complications and detrimental effects related to the unwanted infusion of particulate matter, air and enlarged lipid
globules.

The guidance in the 2001 BPNG position statement remains valid and our guidance is unchanged.?® Detailed advice on
filtering PN needs to be included in national UK PN guidance such as that proposed by NICE, BAPEN or similar. For clarity,
we also suggest manufacturers of PN and PN amino acid/lipid emulsions revise their SPCs to include appropriate advice
on filtering, including details on recommended filter pore size for the administration of their products.
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