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ABSTRACT

Introduction: Ready-to-administer formula-
tions for intravenous administration of nora-
drenaline are now broadly recommended and
predicted to reduce pressure on critical care
nursing. This analysis sought to quantify the
nurse resource released from national level
transition.
Methods: The annual number of noradrenaline
support days for hypotensive shock was deter-
mined and the administration of noradrenaline
was simulated over 24 h using a decision tree. A
‘best-practice’ ready-to-administer strategy
(RtA) of volumetrically pumped noradrenaline
was compared to a ‘nil uptake’ strategy (AfC) of
bedside prepared solution delivered either vol-
umetrically or using a double syringe pump. A
mix of noradrenaline concentrations, flow rates,
product sizes, and preferences for ampoule
pooling, preparation volume, and sterility were
included. The consumption of nurse days and
product units was then projected over 1 year for

a population of adults in critical care in
England.
Results: Noradrenaline was administered over
231,011 days per year across 4123 critical care
beds in England. Implementing a transition
from AfC to RtA strategies on this scale released
35,791 nurse days or 176 whole-time nurse
equivalents at 50/50 NHS band 5 and 6, a
monetised release of £11.6 million. There was
an increase in drug acquisition cost of
£2.1 million using the licensed commercial
product Sinora�. Annual net monetary benefit
was ? £9.5 million, or ? £65,961 per critical
care unit (CCU) of 29 beds, equivalent to one
nurse released per unit for patient care.
Conclusions: This modelling of ready-to-ad-
minister noradrenaline with volumetric deliv-
ery quantifies and bears out the
recommendations of the Lord Carter review, the
Royal Pharmaceutical Society, and the NHS
Specialist Pharmacy Service in their encourage-
ment of ready-to-administer formulations for
safe and resource-effective critical care.
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Key Summary Points

Why carry out this study?

Ready-to-administer intravenous products
are now recommended for the critical care
setting but some NHS trusts are yet to
implement. Quantitative evidence may
assist the decision maker.

What was learned from the study?

A transition to ready-to-administer
noradrenaline releases nurse time for
patient care, drug budget uplift is
moderate, and net monetary benefit is
favourable.

A ready-to-administer strategy is less
wasteful of noradrenaline.

INTRODUCTION

Bedside preparation of noradrenaline from con-
centrate remains common practice in critical
care, but ready-to-administer (RtA) formulations
which are pre-mixed to standardised concentra-
tions are available and encouraged. Lord Carter’s
most recent national report, looking at intra-
venous (IV) injectables, assesses that this aspect
of delivery often exceeds 10 min, which is time
that could otherwise be spent on direct patient
care. It offers ready-to-administer formulations
as a way to release nurses and increase the safety
and the transparency of quality assurance for
patients [1]. Byway of context, NHS England and
NHS Improvement, with Health Education Eng-
land, have issued new guidance on workforce
models for hospitals during COVID-19, includ-
ing staffing critical care services with decreasing
nurse ratios as theyoperate beyond their capacity
[2]. However, the reported benefit of ready-to-
administer preparations extends beyond
resource saving. Mixing of concentrated formu-
lations is usually undertaken in an environment
with clinical distractions and other pressures,
increasing the likelihood of error. The NHS

Specialist Pharmacy Service demonstrates that
procurement of licensed ready-to-administer
productwithmarketing authorisation is the least
risk-associated option across all categories asses-
sed, and thebest useof pharmacy skills to support
to clinical areas [3]. The Royal Pharmaceutical
Society recommends that the manipulation of
medicines outside pharmacy should be min-
imised, and states that injectable medicines
should be presented as prefilled syringes or other
‘ready-to-administer’ preparations wherever
possible [4].

The objective of this research is to provide
quantitative evidence to assist healthcare deci-
sion makers plan for RtA noradrenaline. This
analysis considers a range of relevant clinical
variables about this objective, but its scope is
limited to the evaluation of nurse and product
resource use. Specifically, it does not include
health outcomes as impacted by harm resultant
from administration error rates, which may be
improved with centrally pre-prepared solutions
[5, 6]. This article is based on previously con-
ducted studies and does not contain any new
studies with human participants or animals
performed by any of the authors.

METHODS

A budget impact model developed to compare
competing user-defined local strategies for the
administration of noradrenaline was adapted
for the national health service level. It was
parameterised to assess a strategy simulating a
starting or nil uptake position (administration
from concentrate—AfC) and a strategy repre-
senting full transition or best practice (ready-to-
administer—RtA). The AfC strategy was assimi-
lated on the basis of expert opinion to reflect a
2019 pre-COVID-19 real-world picture of the
delivery of noradrenaline when prepared from
concentrate [7]. Solution is prepared by the
critical care nurse at the bedside and is delivered
by double syringe pump in 80% of cases and
volumetric pump in 20% of cases. The best
practice strategy was an implementation of
ready-to-administer noradrenaline delivered by
volumetric pump in all cases. The comparison
therefore considered alternative approaches in
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Table 1 Model parameters and settings

Preparation of solution for infusion

Proportion concentrated noradrenaline prepared at bedside 100%

Proportion of concentrated noradrenaline prepared aseptically 0%

Proportion of preparation and pump set-up by band 5 nurse 50%

Proportion of preparation and pump set-up by band 6 nurse 50%

Noradrenaline waste, single or volumetric pump changeover (ml) 0

Noradrenaline waste, double pump changeover (ml) 10

Maximum preparation sterility period (h) 24

Staff time on preparation tasks (min)

1. Prepare, check, label preparation

AfC 11.5

RtA 2

2. Second nurse checking

AfC 3

RtA 1

3. Pump set-up or prep changeover

Single or volumetric 1

Double 10

Unit costs of consumables and resources

4 mg in 4 ml noradrenaline ampoule £1.06 [13]

8 mg in 8 ml noradrenaline ampoule £3.20 [13]

4 mg in 50 ml vial ready-to-administer noradrenaline (Sinora�) £7.90 [17]

8 mg in 50 ml vial ready-to-administer noradrenaline (Sinora�) £7.37 [18]

5% dextrose or 0.9% saline, 100 ml £1.47 [14]

Nurse band 5 per working hour £38.49 [12]

Nurse band 6 per working hour £47.61 [12]

Clinical preferences for formulation and administration RtA AfC

Formulation: concentrated 100% 0%

Formulation: ready-to-administer 0% 100%

Requirement low. 0.1 lg/kg/min noradrenaline* 10% 10%

Requirement high. 0.2 lg/kg/min noradrenaline* 80% 80%

Requirement very high. 0.4 lg/kg/min noradrenaline* 10% 10%

Flow rate low. 2.8 ml/h* 0% 0%

Flow rate medium. 5.6 ml/h* 100% 100%

Flow rate high. 11.3 ml/h* 0% 0%

Pooling of 4 mg ampoules to 8 mg solution* 80% N/A

Pooling of 4 mg ampoules to 16 mg or 32 mg solution* 50% N/A

Proportion double pumped* 80% 0%

Proportion single or volumetrically pumped* 20% 100%

Preparation volume small. 50 ml* 80% 100%

Preparation volume medium. 100 ml* 20% N/A

AfC administered from concentrate (strategy), RtA ready-to-administer (strategy), N/A not applicable
*Based on clinical expert opinion
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both the formation and delivery of nora-
drenaline. Model parameters and settings are
listed in Table 1.

A decision tree, constructed in
Microsoft 365� Excel�, was considered appro-
priate versus more complex methods given the
absence of temporal determinants of outcomes
(e.g. occurrence of clinical events). Chance
nodes facilitated strategy differences for a pop-
ulation of adults admitted to NHS critical care
in England and requiring noradrenaline vaso-
pressor support for hypotensive shock. The
critical care unit (CCU) effectively comprised
the intensive care unit (ICU, level 3) and high
dependency unit (HDU, level 2). Chance nodes
also facilitated relevant clinical and procedural
preferences common to both strategies about
which uncertainty at national level should be
evaluated (e.g. sterility protocol. See Fig. 1
legend). The analysis took the health system
payor perspective and evaluated a time horizon
of 1 year, a projection of 24-h resource con-
sumption based on the annual number of days
of noradrenaline vasopressor support for
hypotensive shock. Support days were annual
noradrenaline admissions for septic shock in
England, adjusted upward by one-third to
include undifferentiated cases, multiplied by
the mean length of stay for septic shock [8–10].

Modelled outcomes were annual nurse
resource (primary outcome); cost of nurse
resource; episodes of noradrenaline preparation;
volume of noradrenaline acquired but not
infused (waste); product units of noradrenaline
and dextrose or saline; cost of products; and
cost of nurse resource less cost of drug acquisi-
tion—the net monetary benefit (NMB). For
those cases where pharmacy technicians
undertake noradrenaline preparation, the
resource was treated as critical care nursing,
itself divided into either drug preparation or
pump management. Drug preparation included
a first nurse drawing-up noradrenaline, label-
ling and checking the syringe or infusion bag,
and a second nurse performing checks. Pump
management comprised the tasks of pump set-
up and reloading of preparations, assumed
equal in time. Task times differed by formula-
tion and pumping approach. The extent and
nature of nurse tasks, and their average

duration, were estimated by survey between ten
nursing and medical clinical experts from dif-
ferent NHS critical care providers, except for the
time to prepare solution from concentrate,
which was sourced from the Lord Carter report
[1, 7].

Resources were monetised in GBP using the
2020 cost year, inflating as required using the
NHS Cost Inflation Index [11]. The hourly cost
of hospital nurse day (7.5 h and 50/50 band 5/6)
was sourced from the PSSRU Unit Costs of
Health and Social Care handbook 2019 and
inflated by 1 year [12]. Whole time equivalents
(WTEs) were calculated by dividing annual
nursing cost by the band-weighted annual sal-
ary (50% NHS band 5, 50% band 6). Lowest
available prices for non-proprietary products
were sourced from the DHSC national eMIT
average pricing tool or the British National
Formulary [13, 14]. Ready-to-administer nora-
drenaline was either 4 mg in 50 ml or 8 mg in
50 ml Sinora� [15 ,16]. Their prices were
obtained from the manufacturer [17, 18]. Pro-
duct unit size was optimally matched to popu-
lation requirement, except for the practice of
ampoule pooling. All patients were assumed to
be 75 kg and infusion bags were 100 ml.

Uncertainty was explored using both fixed
variation univariate sensitivity analysis (pa-
rameter uncertainty) and alternative scenario
analysis (structural uncertainty). Both measured
the impact of variation on NMB at CCU level.

RESULTS

Service Size and Nurse Burden

The model estimated 30,396 annual adult
admissions and 231,011 inpatient days requir-
ing vasopressor support with noradrenaline
(Table 2). Using a strategy of noradrenaline
from concentrate (AfC) the associated nurse
resource requirement (primary outcome) was
41,952 working days, two-thirds drug prepara-
tion and one-third pump management
(Table 3). Using a strategy of ready-to-adminis-
ter noradrenaline delivered by volumetric pump
(RtA), the nurse resource was reduced by 85% to
6160 working days, equivalent to a release of
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176.3 WTEs across England (109 and 67 WTEs
for drug preparation and pump management
respectively), or 1.2 WTEs for a CCU of 29 beds.

Noradrenaline Preparation Frequency
and Waste

Both noradrenaline consumption and prepara-
tion frequency were higher using a strategy of
noradrenaline from concentrate (AfC) versus
the RtA strategy: 3.6 preparations per patient
per day and 33.6 mg of noradrenaline, versus
3.0 and 25.2 mg (Table 4). This is explained by
the difference between strategies in their sus-
ceptibility to waste. There was an additional
4.8 mg daily loss from discarding of non-de-
pleted vessels consequent to protocol-driven
sterility changes (24-h mandatory change in the
base case). These occurrences are more likely
with the higher volume 100 ml preparations
used for volumetric pumping in the AfC strat-
egy, and less likely in CCUs with longer sterility
periods. For example, increasing the sterility
period from 24 to 48 h reduces the mean daily

preparation frequency from 3.6 to 3.1, but the
impact diminishes only marginally to 3.0 in
CCUs adopting a 72-h sterility protocol. The
average daily waste from loss associated with
changing double-pump syringes (AfC strategy
only) was 21.6 ml of solution. Both sources have
waste thresholds about which outcomes are
sensitive. For example, changeover loss of below
6 ml per syringe reload decreases the daily mean
preparation frequency by 0.6.

Resource Cost and Net Monetary Benefit

The amount of product needed per patient per
day for the AfC strategy was 5.9 units of the
4 mg ampoule and 1.3 units of the 8 mg
ampoule, compared to 0.3 units of the 4 mg in
50 ml syringe and 3.0 units of the 8 mg in 50 ml
syringe (Table 4). Ampoule pooling in fact
reduced the overall acquisition cost of concen-
trated noradrenaline since the small unit is
sourced at less than half the price of the larger
unit. Totalled product acquisition costs were
£2.4 million and £5.7 million for AfC and RtA

Fig. 1 Simplified decision tree. AfC Administered from
concentrate (strategy), RtA ready-to-administer (strategy).
The square is the decision node and represents the strategy
option. Chance nodes facilitate the choices for population
and health system preferences. The first chance node
allows a distribution to be set for the noradrenaline
requirement across the modelled population. Levels are
0.1 lg/kg/min (low), 0.2 lg/kg/min (high), or 0.4 lg/kg/

min (very high). The second chance node allows the
adjustment of preparation volume, which is 50 ml for RtA
vials but either 50 ml or 100 ml for dilution. The third
chance node facilitates the preference for formulation:
concentrate, ready-to-administer, or a combination. The
final chance node dictates the flow rate preference and
allows a distribution across the rates 2.8 ml/h (low),
5.6 ml/h (standard), and 11.3 ml/h (high)
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strategies respectively, representing a national
budget uplift of £3.3 million (Table 5). This
compares to an £11.6 million monetisation of
the estimated 176 WTE country-wide nurse
release. Combining product acquisition and
nurse resourcing, the net monetary benefit was
? £9.5 million per year for England (145 WTEs),
or ? £65,961 for a CCU of 29 beds (1.0 WTE).

Uncertainty

The univariate sensitivity analysis of 22 input
parameters (Fig. 2) identified two parameters for
which CCU NMB deviated by a proportion
higher than the 20% input variation: the
sterility period, and the proportion of nora-
drenaline double pumped. Testing of structural
assumptions in the scenario analysis high-
lighted the impact noradrenaline delivery has
on NMB beyond the impact of formulation

Table 2 Estimation of the adult noradrenaline service size in England

Parameter

Critical care beds in England (intensive care and high dependency) 4,123 [16]

Total critical care admissions for shock per year with noradrenaline support 30,396

Mean days of noradrenaline support per admission 7.6 [5]

Total patient days of noradrenaline support per year 231,011

Table 3 Cumulative task time spent by critical care nurses preparing and delivering noradrenaline (7.5 h working days)

Nurse task AfC RtA Increment (change)

Drug preparation and checking (syringe/infusion bag) 26,797 4,620 - 22,177 (83%)

Pump set-up and subsequent changeovers 15,154 1,540 - 13,614 (90%)

Total 41,952 6,160 - 35,791 (85%)

Total whole-time-equivalents (WTEs) 206.7 30.3 176.3

Table 4 Noradrenaline preparation frequency and consumption, per 24 h

Item AfC RtA Increment

Episodes of noradrenaline preparation 3.6 3.0 - 0.6

Volume of solution lost to line priming at changeover (ml) 21.6 0.0 - 21.6

Total volume of noradrenaline consumed (mg) 33.6 25.2 - 8.4

Volume of noradrenaline lost due to sterility changes (mg) 7.3 2.5 - 4.8

Product units of 4 mg noradrenaline 5.9 0.3 - 5.6

Product units of 8 mg noradrenaline 1.3 3.0 1.7

Proportion of ready-to-administer noradrenaline at 4 mg 0% 9% –

Proportion of ready-to-administer noradrenaline at 8 mg 0% 91% –
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(Table 6). The scenario removing the trend to
volumetric pumping [1] reduced CCU NMB by
39%. A threshold analysis of a scenario elimi-
nating double pumping (all volumetric) found
2.4 fewer minutes (21% less time) to mix a
preparation from concentrate reduced NMB to
below zero.

DISCUSSION

The Lord Carter report ‘Transforming NHS
Pharmacy Aseptic Services in England’ predicts
that ready-to-administer preparations will
release critical care nurses to patient care [1]. In
respect to noradrenaline we quantified this as
176 whole time nurse equivalents—realisable
time that can be put to all the associated and
unmeasurable benefits for patient wellbeing and
enhanced care. We demonstrate that waste is an
important differentiating factor and is reduced
by ready-to-administer products under plausible
clinical preferences and unit protocol. We also
predict new pharmacy budget pressure from the
acquisition of RtA products, but in a context of
favourable net monetary benefit.

This is the first analysis of critical care
resourcing for transition to ready-to-administer
noradrenaline known to the authors. By

incorporating country-wide variation in nora-
drenaline concentration, flow rate, ampoule
pooling, and delivery method, we have inclu-
ded the impact waste has on resources and
costs, which is demonstrated to be relevant.
Further, individual activities undertaken by the
critical care nurse are imputed at the micro-
level, so that their impact on outcomes can be
understood. However, the findings may be
conservative. There is a body of evidence link-
ing bedside preparation with a higher rate of
error compared to centrally pre-prepared solu-
tions and this has not been considered here
[5, 6, 19–21]. We have assumed a position of ‘no
difference’ given the scarcity of informative
evidence. Valentin and colleagues conducted a
large multinational prospective study of error
rates in the administration of parenteral drugs,
and they report specifically for vasopressors and
catecholamines, but theirs is not a comparative
study [6]. Dehmel and colleagues conducted a
preliminary laboratory study of CCU and cen-
trally prepared samples, expressing their find-
ings as deviations in concentration conformity
but they did not report a link to harm [5]. New
comparable evidence of harm from administra-
tion error is required before a cost-effectiveness
analysis is feasible, and this is a recommended
area for future research. Other limitations

Table 5 Cost and net costs for all adult critical care episodes of noradrenaline support of hypotensive shock in England

Item AfC RtA Increment

Cost of noradrenaline from concentrate £2,374,281 £0 - £2,374,281

Cost of ready-to-administer noradrenaline £0 £5,655,161 £5,655,161

Cost of noradrenaline, any formulation £2,374,281 £5,655,161 £3,280,881

Cost of dextrose or saline for dilution £1,222,513 £0 - £1,222,513

Total cost of noradrenaline and dextrose £8,652,692 £5,655,161 - £2,997,530

Cost of drug preparation tasks £8,652,692 £1,491,843 - £7,160,848

Cost of pump preparation and reload tasks £4,893,246 £497,281 - £4,395,965

Total cost of nursing time noradrenaline tasking £13,545,938 £1,989,124 - £11,556,813

Net monetary benefit, England (per year) £9,498,445

Net monetary benefit, per 29 bed CCU (per year) £65,961

Net monetary benefit, per CCU bed (per year) £2,304
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concern uncertainty around input parameters,
with reliance on expert opinion of the current
national picture of clinical preference, as well as
the duration of most tasks. The estimate of the
size of the national service was necessarily an
approximation. Sensitivity analysis showed
some robustness in the findings but also high-
lighted the precarious decision problem. A
transition to volumetric pumping will in itself
release nurses. A threshold analysis of task time
when both strategies used volumetric pumping
showed incremental outcomes to be sensitive to
time-efficient tasking. It is important to stress
that the headline benefits we report require a
transition to volumetric pumping as well as the
ready-to-administer formulation.

Our findings are indicative of unmet oppor-
tunity at the national level, but we recommend
bespoke modelling at the local level given the
importance for outcomes of clinical preference
and protocol. So too, these results may not be
generalisable to other healthcare systems.

CONCLUSION

Implementing at scale ready-to-administer
noradrenaline delivered by a volumetric pump
will release nurses for patient care. This finding
adds to the encouragement given in the Lord
Carter Report and recent guidelines from the
Royal Pharmaceutical Society and the NHS
Specialist Pharmacy Service.
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