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STANDARDISING INTRAVENOUS INFUSION CONCENTRATIONS FOR 

CHILDREN IN THE UK 

A Proposal for a National Approach 

 

From the Neonatal & Paediatric Pharmacists Group 

 

STRATEGIC SUMMARY 

The time for the NHS to standardise paediatric intravenous (IV) infusions is now.  

Policy and practice drivers are all in alignment, and the future of NHS procurement, 

technology and safety demand an urgent change from the standard weight-based 

approach to standard concentrations which are proven to be safer and more efficient 

for patient care.   

The proposed framework is not complete, but offers the first list of published 

standard IV infusion concentrations in the UK.  It will also support strategic 

efficiencies and support the development of “smart pump” drug libraries, the uptake 

and implementation of electronic prescribing, and the future development of licensed 

formulations.   

The importance of pushing this forward now cannot be understated.  A great deal of 

work has already been undertaken in this field but there is a risk that there will be 

duplication of effort by people distal to the frontline if we do not make our case today. 
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BACKGROUND 

Intravenous medications for children and young people are primarily prescribed and 

administered on a bespoke weight-based basis using complex and highly variable 

approaches.  A recent survey study in the UK identified over 150 discrete methods 

for preparation of infusions across multiple paediatric and neonatal care settings. 

(Oskarsdottir, Harris, Sutherland, Wignell, & Christiansen, 2018) 

 

This variation adversely effects systems safety, and has been implicated in serious 

medication errors.(Keers, Williams, Cooke, & Ashcroft, 2013; National Patient Safety 

Agency, 2011)  Furthermore it is inefficient, unreliable and complicated, leading to 

unseen patient safety risks.  It has been demonstrated that bespoke weight-based 

preparation of infusions is unsafe with many infusions prepared incorrectly – in some 

cases with two-fold variations in concentration of prepared versus intended. 

(Aguado-Lorenzo et al., 2013; Parshuram et al., 2003; Wheeler et al., 2008)  These 

deviations are regardless of the operator or amount of experience.  Thus they are 

not amenable to person-centric interventions such as re-training as they are related 

to natural variation in perception and manipulation. (Parshuram et al., 2008) 

 

The move to “standardised solutions” is one part of an approach to IV medication 

safety internationally, with demonstrable improvements in safety and service 

efficiency that comes with provision of ready-to-administer preparations. (Howlett, 

Breatnach, Brereton, & Cleary, 2020; Lehmann et al., 2006; Manrique-Rodríguez et 

al., 2013; Perkins, Aguado-Lorenzo, & Arenas-Lopez, 2016)  By moving to pre-

prepared solutions, nursing time used in IV preparation may be reduced by up to 

60% releasing more time for care.(Sutherland et al., 2016)   

 

These clear advantages in process efficiency have been taken fully on board by the 

Department of Health and Social Care with their plans for the reorganisation and 

transformation of NHS Aseptic Services in England.(Lord Carter of Coles, 2020)  

This plans to increase capacity and re-orientate NHS manufacturing capacity 

towards high-resource, high risk practices in order to make patients safer and 

improve care efficiency by reducing the burden of preparation on nurses.  Primarily 

this will involve the mass manufacture of intravenous medications for patients in 

licensed manufacturing facilities and later in collaboration with private sector 

capacity.  Standardisation of products, processes and training is a keystone element 

of this policy, and a UK-wide approach is required, with similar capacity reviews 

completed or being planned in the other UK home countries.  

 

Without a national approach to standardisation, there is a risk that there will be 

variation at local or regional levels in the concentrations being used.  This was 

demonstrated in the UK in adult intensive care, where it was found that among 30 

medications, there were an average of 6 concentrations for each.(Borthwick, 
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Keeling, Keeling, Scales, & Waldmann, 2009; Borthwick, Woods, Keeling, Keeling, & 

Waldmann, 2007)  Similar emerging patterns have been identified in paediatric 

practice in both the USA and UK. (Oskarsdottir et al., 2018; Phillips, 2011)  

 

Furthermore the use of wide variations in concentration has led to variation in the 

design and development of associated safety technology – notably drug error 

reduction software (DERS) enabled infusion devices (“smart” pumps) where drug 

libraries are highly localised.  This variation has led to patient harm.(Lyons et al., 

2018; Schnock et al., 2017)  

 

Consequently, the Health Safety Investigation Board has directed that smart pumps 

must be configured using a national library. (Healthcare Safety Investigation Branch, 

2020)  This intervention cannot be implemented in the UK without a national 

consensus on standard concentrations for children and neonates.  This approach is 

feasible and has been delivered successfully in the Republic of Ireland (Howlett et al. 

2019), Queensland, Australia (Cree et al., 2017) and is being developed in the 

United States of America.  However, there are noted difficulties in the development 

of these frameworks for use in neonatal practice.  Frequent barriers such as fluid 

load, high concentration solutions and multiple pump interactions with dose changes 

are offered up as reasons NOT to standardise in neonatal units “...without additional 

research…”,(Brannon, 2006) however in single-centre studies these concerns have 

been shown to be unfounded.(Chapman et al., 2012; Christie-Taylor et al., 2012; 

Larsen et al., 2005)  
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PROPOSAL 

That the Joint RCPCH/NPPG Standing Committee on Medicines (JMC) approves a 

framework of standard concentrations for use in neonates and children as part of a 

national drug library. 

 

THE FRAMEWORK 

The framework proposed (Appendix 1) has been developed using a multi-disciplinary 

approach in a single large tertiary children’s centre.  This has been thoroughly 

evaluated for safety and effectiveness in populations from 2kg and up, and has been 

found to be safer than weight based infusions.(Arenas-López et al., 2017; Rashed et 

al., 2015; Rashed et al., 2016)  There is additional data supporting the longer term 

safety and effectiveness of the framework using “smart pump” data that is being 

prepared for publication.   

 

This framework has been evaluated against a similar conceptual framework 

developed using inter-professional consensus methods by the Making it Safer 

Together (MiST) collaborative (Sutherland et al., 2017) and similarity extends to 

around 70%. 

 

Given the time sensitive nature of the National Drug Library project, and the need to 

be “ahead of the curve” the leads for both frameworks have agreed that the 

proposed framework is suitable for all purposes and should form the basis of the 

National Drug Library for Children. 

 

STRENGTHS 

The proposed framework is: 

• Reliably and robustly designed and validated using clinical simulation with 

clear acceptance thresholds of fluid load, in-use stability, and acceptable 

diluents 

 

• In successful use in a large multi-speciality children’s hospital for infants and 

children >2kg and rollout is in progress to areas outside of PICU at this site, 

and is being actively considered by other centres 

 

• Peer reviewed for safety and effectiveness and published in respected 

journals 

 

• Has great similarity to the MiST framework which JMC has previously 

endorsed.  This framework has the added benefit of evidence of application 

and in-use data  
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CONSIDERATIONS 

• Despite best efforts, this framework cannot generally be extrapolated into 

premature neonatal care, however has been used in infants down to 2kg. 

 

• This framework is not exhaustive.  There are many more infused medicines 

that are used throughout paediatric and neonatal practice.  However, we are 

confident that this framework covers 90-95% of infused medicines used in the 

NHS in these populations. 

 

• Standardised infusions are not a solution in themselves and may serve to 

present other opportunities for error elsewhere in the process.(Blandford et 

al., 2019).  These errors include: 

o Selection errors (the wrong strength for a patient) 

o Calculation errors (as different calculations are required for 

administration) 

o Preparation errors (e.g. using the wrong diluent or volume) 

o Infusion device programming errors  

 

• Rolling out standard concentrations is not straight forward and there is the 

need for supporting infrastructure and training to support delivery. 

 

• It is believed that “smart pump” technology is the safest way to implement use 

of standard concentration infusions in paediatrics – not all centres currently 

have this technology 

o However, the strategy of pump manufacturers is currently to only offer 

DERS-enabled systems when infusion systems come up for 

replacement.   

 

• This framework only covers continuous infusions and does not address the 

variation in bolus medications or intermittent infusions.  However it provides a 

framework from which to start this process. This intervention may be viewed 

as a single measure to improve medication safety, but must be considered as 

part of a bundle of interventions (including “smart pumps,” bar code 

administration checks and pre-filled containers) to foster a systems-approach 

to IV medication safety. 

• Any medication intervention carries risks associated with change.  This 

requires careful consideration and consultation with stakeholders on the 

infrastructure and training requirements to safely implement them.  For 

example: 

o There may be a perception that this represents a shift from “patient 

centred care” to “one size fits all” 

o The NHS needs to plan for how these ready-to-use solutions will be 

presented, and safely and securely stored 
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• The move to ready-to-administer infusions may be perceived to be a costly 

solution when ingredient drug costs are low, however this will offer far greater 

improvements in nursing efficiency and will release their time to nursing care. 

(Sutherland et al., 2016) 

 

OPPORTUNITIES 

• With appropriate support and infrastructure, there is the potential high uptake 

of these standard concentrations as seen in adult Intensive Care (Titiesari, 

Barton, Borthwick, Keeling, & Keeling, 2016) which in turn will drive 

development of ready-to-administer preparations 

 

• A national drug library will offer efficiencies to the wider NHS in reducing the 

workload associated with development and implementation of smart pumps, 

electronic prescribing and patient records, and broader harmonisation 

initiatives across integrated care systems. 

 

• A national framework once adopted will offer improvements in: 

o Nursing capacity as time to prepare medication doses is reduced 

substantially 

o Demand and capacity planning for drug shortages and requirements  

o Uptake of medication safety interventions including barcode medication 

administration, electronic prescribing, information presentation  

o Training efficiency with reduced resource required to induct 

practitioners into local practice as these infusion practices will be 

transferrable. 

 

• A national framework will provide a basis for the strategic development of 

licensed formulations of IV medications specifically for neonates and children 

which continues to be an enormous gap in our needs. 

 

 

FUTURE WORK 

The implementation of standard concentrations offers a great deal to the NHS, 

however much of this has not been evaluated.  Nor would it be appropriate to delay 

implementation to facilitate “more research” – infusion systems are being replaced, 

DERS systems are being updated and EPR systems are being selected and 

implemented today.   

 

In line with the NHS Strategy for Patient Safety, there is an imperative to ensure that 

evaluation and measurement is embedded in this intervention to demonstrate 

ongoing benefits.  Furthermore, while we present this framework “as is”, there must 

be space for pragmatic adaptation and adjustment with time, that can be 
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implemented centrally with appropriate adjustments throughout the system.  Thus we 

recommend a national approach, with co-ordination through Medusa or other 

suitable group, and collaboration with educational institutions and industry to ensure 

adaptations are made swiftly and safely. 
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APPENDIX 1 

Framework of Concentrations 

Drug Weight band Concentration Volume 

Morphine 

2-5kg 0.05mg/ml 20ml 

5-20kg 0.2mg/ml 50ml 

>20kg 1mg/ml 50ml 

Midazolam 

2-5kg 0.5mg/ml 20ml 

5-20kg 1mg/ml 50ml 

>20kg 2mg/ml 50ml 

Fentanyl 

2-5kg 0.01mg/ml 20ml 

5-20kg 0.02mg/ml 50ml 

>20kg 0.05mg/ml 50ml 

Clonidine 

2-5kg 7.5microgram/ml 20ml 

5-20kg 15microgram/ml 50ml 

>20kg 40microgram/ml 50ml 

Nordrenaline/ 
Adrenaline 

2-5kg 0.02mg/ml 20ml 

5-20kg 0.04mg/ml 50ml 

>20kg 0.16mg/ml 50ml 

Dopamine 

2-5kg 2mg/ml 20ml 

5-20kg 4mg/ml 50ml 

>20kg 12mg/ml 50ml 

Dobutamine 

2-5kg 2mg/ml 20ml 

>5kg 5mg/ml 50ml 

Furosemide 

2-5kg 3mg/ml 20ml 

5-20kg 5mg/ml 50ml 

>20kg 10mg/ml 50ml 

Labetalol 
2-5kg 5mg/ml 20ml 

>5kg 5mg/ml 50ml 

Milrinone 

2-5kg 0.1mg/ml 20ml 

5-20kg 0.4mg/ml 50ml 

>20kg 1mg/ml 50ml 

Vasopressin 

Presents specific challenges with delivery systems that are 
unable to express infusion doses to four decimal places 

 
Currently no standard concentration is offered 

 
Some units use 20 or 50units in 50ml 

Amiodarone 

2-5kg 2.5mg/ml 20ml 

5-20kg 12mg/ml 50ml 

>20kg 24mg/ml 50ml 

Rocuronium 
2-5kg 10mg/ml 20ml 

>5kg 10mg/ml 50ml 
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Vecuronium 
2-5kg 1mg/ml 20ml 

>5kg 1mg/ml 50ml 

Atracurium 

2-5kg 2.5mg/ml 20ml 

5-20kg 5mg/ml 50ml 

>20kg 10mg/ml 50ml 

Heparin 

2-5kg 75 units/ml 20ml 

5-20kg 200 units/ml 50ml 

>20kg 1000units/ml 50ml 

Insulin 

2-5kg 1unit/ml 20ml 

>5kg 1unit/ml 50ml 

 

 


