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_ _ _ Figure 1. Simplified decision tree O g and ster™y adiustment Key. The decision node (square) is the choice strategy. Chance
I N t ro d U Ctl Oon an d O bJ e Ct ve nodes (circles) facilitate the choices for population and health R esuy ItS
Concentrated Medium flow _ 4 system preferences. The first chance node allows a distribution

_ _ _ ~ to be set for the noradrenaline requirement across the modelled _ o o
« The Lord Carter report on aseptic services, the Royal Pharmaceutical il volume igh flow population. Levels are 0.1 mcg/kg/min [low], 0.2 meg/kg/min * There are an estimated 30,396 adult admissions for shock requiring
Society guidance on safe handling of medicines, and the NHS Specialist O B g;l'g\t‘vls ‘t’i:e‘):dmg?rﬁgrﬁ“;?g‘r’eegérha'lgg}] Ig‘li;eecmcchhznggr:f’foer vasopressor support with noradrenaline in England. This equates to
Pharmacy Service advice on ready-to-administer (RtA) intravenous (V) Low need Premixed RtA vials but either 50ml or 100ml for dilution. The third chance 231,011 days in 4,123 critical care beds.
products, are aligned in their encouragement of ready-to-administer ggggefgtig:::tfzggs fgeggrﬁlfr‘f;é‘:f(‘;?;mcuc')?:;ga Egzetfhereof e « More nurse time is spent on drug preparation and pump management with
norad renaline.(1-3) AFC e Large volume O final_cha_mce’ node dictates the flo’w rate preference and allows a the AfC Strategy (Table 2)-
« Ready-to-administer IV products, which are pre-filled to standard - O distribution across the rates 2.8 mi/hr {low], 5.6 ml/hr [standard], « The basecase analysis predicted the AfC strategy required an average of
: : : : : : : and 11.3 ml/hr [high]. Two further user-defined adjustments were : :
concentrations, simplify near-patient tasking, are the least risk-associated \l\ Very high need applied to ultimately determine the number or preparations 3.6 preparations per day and 33.6 ml of noradrenaline, versus 3.0 and 25.2
option Iin the critical care setting, and represent the best use of pharmacy Qe required in a day, and the number of product units to be ml in the RtA strategy.
: - acquired: the extent of 4mg ampoule pooling, and the allowed e T I d . e hiah ith RtA b h
skills to support to clinical areas.(l-_3) sterile period before a replacing a non-depleted noradrenaline otal drug acquisition cost was higher Wlt an Rt strat_e_g_y, ut the nurse
* RtA noradrenaline has not been universally adopted across the UK NHS. preparation. Poohr&g was defined by the prloportlodn of BIm? resource was lower. When differences in product acquisition and nurse
_ _ _ _ RtA preparations mixed using two 4mg ampoules, and similarly any - - -
» The objective was to quantify and compare the resource and cost impact of O 16mg and 32mg preparations. Maximum sterile period could be resourcing were combined the net monetary benefit favoured an RtA
alternative approaches to noradrenaline administration, focusing on ready- Set o any ength, with shoter periods more frequentl leading t strategy. (Table 3). | |
an English NHS level. Table 2. Cumulative task time spent by ICU nurses preparing and delivering noradrenaline (7.5hr w/days) Sensitivity: the maximum sterility period (impacting the frequency of
. Also to create a model with the flexibility to support local level variation in ICU and HDU beds In England 4,123 (15)) MRS S noradrenaline preparations being commenced near to the end of a sterility
.. : .o : Critical care cases of shock with noradrenaline support in England per year | 30,396 (4) Drug preparation and checking (syringe/infusion bag) 26,797 4,620 -22,177 (83%) - : : :
clinical factors and so support provider decision-making. Viean durations of noradrenaline support per admission (days) . @] [pump setup and subsequent changeovers p— o~ 13614 (00% period), the proportion of noradrenaline double pumped (Figure 2).
. . ’ ’ ’ « Scenario analysis: eradication of double pumping in the AfC strategy had
Total noradrenaline support per year (patient days) 231,011 Total 41952 6.160 35,791 (85%) _ _ _ _ _
Methods ———" ’ ’ ’ the largest single impact of the six tests (75% reduction in ICU NMB).
) ) ) Total whole-time-equivalents (WTES) 206.7 30.3 176.3
_ T _ Proportion concentrated noradrenaline prepared at bedside 100%
« Ade novo budget Impact model (deCISIOn tree, Microsoft® Excel®) was Proportion of concentrated noradrenaline prepared aseptically 0% Table 3. Cost of noradrenaline treatment hypotensive shock in England LI m Itatl O n S an d CO n CI u S I O n
developed and parametised at a national health service level to simulate Proportion of preparation and pump set-up by band 5 nurse 50% Nurse task Increment (change)
AfC and RtA strategies in 2019 (pre-COVID-19 epidemic), which differ in Proportion of preparation and pump set-up by band 6 nurse °0% Noradrenaline from concentrate £2,374,281 £0 -£2,374,281 Limitations
: : f : bl Ith Noradrenaline waste, single or volumetric pump changeover (mls) 0 Readv-to-administ q i £0 £5 655 161 e _ _
both noradrenaline formation and mode of pumping (Table 1). Healt Noradrenaline waste, double pump changeover (mls) 10 =ady-lo-acinister ofacrenaine 699, 699,  The number of noradrenaline support days for hypotensive and un-
outcomes are assumed equivalent and are excluded. Maximum preparation steriity period (hrs) 24 2extiose of saiine Tor diltion £1,222,513 2 £1,222,505 differentiated shock in critical care was necessarily approximated.

Staff time on preparation tasks (minutes) Total cost of noradrenaline and dextrose £8,652,692 £5,655,161 -£2,997,530

o Noradrenaline AfC was preparation from concentrate by nurses at the

National patterns of clinical preference for noradrenaline concentration,

- : - - inge/infusion bag from ampoule(s), check and label 11.5 Nurses for drug preparation tasks £8,652,692 £1,491,843 -£7,160,848 _ _ o _ o
bedside, double-pumped in 80% of cases, and a single or volumetricall Prepare syringe : &
umped otherwispe P J y Preparing syringe/infusion bag from pre-mixed vial, check and label 2 Nurses for pump preparation and reload tasks £4,893,246 £497,281 -£4,395,965 ﬂOV\_lrate’ VI?‘I pooling, sterility, an_d pumping method.were not empirically
pump | : o | Second nurse check of an ampoule drawn preparation 3 Total cost of nursing time noradrenaline tasking | £13,545,938| £1,989,124 £11.556.813 derived; neither could be the estimated mean duration of nurse tasks. |
0 Noradrenagne IRtA was Irleady-to-add.mlnl”ster preparation, overseen by :efomlj Eurse check ;)f a plre-mlxeld pretparatlon — 1 Net monetary benefit, England (per yean) £0 498445 + Conservatively, the analysis did not include any improved safety associated
nurses’ and vo umetnca y pumpe IN all cases. et-up/cnangeover of singie or volumetricC pump syringe/nag _ - - _ . -
. b ation: | o 4 ; ‘ Set-up/changeover of double pump syringe 10 Net monetary benefit, per 29 bed ICU (per year) £65,961 with reducmg near pat_lent prepa_ratlon.(:%) |
hypotensive shock. 4mg in 4ml noradrenaline ampoule £1.06 (8) variation, or other healthcare systems (but model inputs may be user-
« Service size: Noradrenaline usage for septic and undifferentiated shock in 8mg in 8ml noradrenaline ampoule £3.20 (8) defined).
ICUs in England was measured in Noradrenaline days, calculated from the  [#md in 50ml vial ready-to-administer noradrenaline (Sinora®) £7.90 (12) .
iy .. 8mg in 50ml vial ready-to-administer noradrenaline (Sinora®) £7.37 (13) Conclusion
annual number of critical care cases requiring such support, and the mean =96 dextrose or 0.9% saline. 100m| 147 o m o n | | i - _ o _ _
_ : _ , : Figure 2. Univariate sensitivity analysis of key parameters (fixed 20% +/- variation) o Volumetrlcally pumped ready-to-admlnlster (RtA) noradrenaline can redirect
length of stay for septic shock.(4) Nurse band 5 per working hour £38.49 (7) anif A . ¢ g tasking t fent-fac an;
* Perspective and setting: Payor, NHS intensive care in England. Nurse band 6 per working hour £47.61 (7) oz e et =Ighificant urse time 1rom drug tasking to patien ] acing care, so alighing
+ Time horizon: One year, projected from resource use over 24 hours CUIEE [EIESEEES el OMiUEWE EMe) ARIS iETen T e s brsensmgess oo g o sroonts et v s s protocol with the recommendations of Lord Carter’s Report, the Royal
. . Y ’bl RtA | AfC, if dif. esnone eraa Nurse b e woring hour Pharmaceutical Society and the NHS Specialist Pharmacy Service.
(dlscountlng nOt app Ica . e). . . . FormUIation: Concentrated 100% O% i::; :zj:: :r:jnh:;:Iﬁx::r::dr:::-:::n:nisternﬂmdrenaine (5inora®)
« QOutcomes: Nurse time given to noradrenaline preparation for hypotensive Formulation: ready-to-administer 0% 100% - Set-ap o change double pump Refe rences
shock per year; cost of nurse resource; episodes of noradrenaline Requirement low. 0.1 mcg/kg/min noradrenaline 10% R L o
preparation; volume of noradrenaline consumed but not infused (WaSte); Requ!rement high. 0_'2 meg/kg/min no.radrenallne : 80% fs;,?ss £68,137 Requirement high. 0.2 meg/kg/min noradrenline 1.Coles, P. Transforming NHS Pharmacy Aseptic Services in England: A National Report for the Department of Health and Social
_ _ _ Requirement very high. 0.4 mcg/kg/min noradrenaline 10% £53,570 £67,953 4mg in 4ml noradrenaine ampoule Care by Lord Carter of Coles: Department of Health and Social Care; 2020. 2.Royal Pharmaceutical Society. Professional
number Of unItS Of noradrenallne and dextrose Or Sallne prOdUCt; COSt Of Flow rate low. 2.8ml/hr 0% % £64,252 £67 561 Nurse 5/6 banding: proportion band 5 for preparation and pump set-up gUidance on the safe and secure handling of medicines RPS. 2018,0nllne 3.Allen 1. OptionS for the Provision of Ready to
] . . . — 5 £64,263 £67,555 5% dextrose or 0.9% saline, 100m| Administer 1Vs to Support Clinical Areas — COVID-19. NHS Specialist Pharmacy Service. 2020. 4.Andersson FL, Palencia R,
prOdUCtS1 total incremental cost |nC|Ud|n9 human resource and drUg Flow rate medium. 5.6ml/hr 100% o4 £64,532 £67,351 Preparation logation: proportion at the bedside (dovmward anly) Kjglbye AL. PHP90 - Costs Of Septic Shock In England, Wales And Northern Ireland In 2012. Value in Health. 2015;18(7):A530.
it ' Flow rate high. 11.3ml/hr 0% a £64,580 £67,343 Preparing a syringe or infusion bag from pre-mixed vial, check, and label 5.0ffice of National Statistics (ONS). Estimates of the population for the UK, England and Wales, Scotland and Northern Ireland.
vaUISItlon _ the net monetary beneflt (NMB) Poc\:\lling of éll?ng ampoules to 8mg solution 800/2 n/a B £64,655 £67,267 8mg in 8ml noradrenaline ampoule People, Population and Community. 2020(Mid-Year Population Estimates, UK, June 2020). 6.De Backer D, Biston P, Devriendt J,
° I I I 1t I I 1tiN/I pssoo1 W £66722 4mg in S0mi vial ready-to-administer noradrenaline (Sinara®) Madl C, Chochrad D, Aldecoa C, et al. Comparison of dopamine and norepinephrine in the treatment of shock. The New England
Uncertglnty was explored US.II’]g both fixed var.latlon unlv_arlate SEI?\SItIVIty Pooling of 4mg ampoules to 16mg or 32mg solution 50% n/a ses252 | #5667 Paoling of 4mg ampoules to 8mg solution journal of medicine. 2010;362(9):779-89. 7.Curtis L, Burns, A. Unit Costs of Health and Social Care 2019. PSSRU, University of
anaIySIS (parameter uncertalnty), and alternative scenario anaIyS|S Proportion double pumped 30% 0% ces2r1 | ssses2 Second nurse check of pre-mixed based preparation Kent, Book. 2019;Unit Costs of Health and Social Care:176. 8.GOV.UK. Drugs and pharmaceutical electronic market information
- - . . . +20% £65,437 | | £66,486 Set-up or change single or volumetric pumg tool (eMIT). Department of Health and Social Care. 2021. 9.National Institute for Health and Care Excellence. British National
(StrUCturaI UnCertalﬂtY), to measure |mpaCt on NMB at ICU Ievel- Proportion single or volumetrically pumped 20% 100% e ges.712 | £66.211 Pooling of 4mg ampoules to 16mg or 32mg solution Formulary. BNF. 2021. 10.Sintetica Ltd. Summary of Product Characteristics Sinora 0.08 mg/ml. EMC. 2020. 11.Sintetica Ltd.
Preparation volume small. 50m| 80% 100% £65.968 Wasted noradrenaline at change-over with double pump (mis) Summary of Product Characteristics Sinora 0.16 mg/ml. EMC. 2020. 12.NHS CMU. 4mg in 50ml Sinora unit price; NHS National
Preparation volume medium. 100m! 20% n/a £35000 F40000 45000 ESOC00 ESSC00 EEDO00 EESO00 V0000 75000 EE0.000 £85.000 Framework Agreement for the Supply of Generic Medicines. 2021. 13.Sintetica Ltd. 8mg in 50ml Sinora unit price; supplied by

Net monetary benefit (NMB) manufacturer. 2021. 14.Personal Social Services Research Unit (PSSRU University of Kent). NHS Cost Inflation Index (NHSCII),.
PSSRU. 2019. 15.Tweedie O. Medical Director, Data on file Sintetica Ltd. 2021.



