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Forkortningar

ADC Automated dispensing cabinet

ADE Adverse drug event

ADM Automated dispensing machine

ADS Automated dispensing system

BCMA Barcode medication administration

cAMS Complex automated medication system

Cl Confidence interval

CPOE Computerized physician order entry

DE Dispensing errors

eMAR Electronic medication administration record
MAE Medication Adverse Events

ME Medication error

npsAMS Non-patient-specific automated medication system
NRCT Non- randomized controlled trial

OR Odds ratio

psAMS Patient-specific automated medication system
RCT Randomized controlled trial

SD Standard deviation

UDDS Unit dose dispensing system

WTP Willingness to pay
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Abstract

Background

Centralized automated dispensing systems (ADS) have been identified as a way to potentially reduce
medication errors, improve patient safety and healthcare organization efficiency, as compared to a ma-
nual system. Although ADS have been implemented around the world, their effectiveness and transfera-
bility to Swedish settings remains to be determined. The purpose of this review was to assess the availa-

ble evidence regarding the clinical effects and cost-effectiveness of centralized ADS in hospitals.

Methods

PubMed, Cochrane Library, Embase and Cinahl were searched for primary studies from January 2000
to March 2019. Titles and abstracts were screened by two independent reviewers, and articles for full-
text reading were selected. Risk of bias of included studies was assessed, and data extracted and tabula-

ted. The procedure was performed for clinical effects and health economic aspects separately.

Results

For clinical effects, 4998 publications were identified, and three non-randomized studies finally in-
cluded. Two studies were performed by the same research group at a Danish university hospital and
medication errors were observed during a 3-week period before and after the intervention, at both an
intervention and a control ward. A difference-in-difference analysis using logistic regression was adopted
and both studies showed ADS reduced the administration error significantly, OR 0.53 (95% CI 0.27-
0.90) and 0.43 (95% CI 0.30-0.63), respectively. The third study from England compared two brands
of automated dispensing machines and a reduction of the dispensing error rate was reported for both.

There was a high risk of bias in all three studies.

For the health economic aspects, 2783 publications were identified and two cost-effectiveness analyses
based on the previously identified studies from Denmark were included. The studies analyzed costs and
effects from a healthcare perspective with a time-horizon of 6 months. System cost-effectiveness esti-
mates were inversely related to the number of doses dispensed. The studies did not model the associ-
ation between different types of medication error and adverse drug events or the associated costs and

health-related quality-of-life and other impact that would result for patients from such errors.

Conclusion

The identified studies permit no firm conclusions on the rate of medication errors associated with cen-
tralized ADS and, importantly, the clinical relevance of the effects remains unclear. Although the results
of the two health economic analyses suggest potentially favorable cost-effectiveness, there are significant

uncertainties in the provided estimates.
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Populdrvetenskaplig sammanfattning

Bakgrund

Centraliserad och automatiserad likemedelsdelning for patienter inlagda pa sjukhus har uppmirk-
sammats som en mojlighet till 6kad effektivitet och patientsikerhet. Det innebir att en “robot” pi en
central enhet for hela sjukhuset fordelar likemedel i separata doser (t.ex. for morgon och kvill) som
sen skickas firdigstillda for varje patient pa virdavdelningarna. Nagra svenska sjukhus har borjat inféra
detta system men pa de flesta hall utfors likemedelsdelningen av sjukskoterskor fran separata likeme-
delsforrad pa varje vardavdelning. Syftet med projektet var att sammanstilla vetenskaplig litteratur for
att jimfora andelen fel och kostnadseffektivitet vid “robotiserad” respektive manuell likemedelsdelning

for patienter pa sjukhus.

Metod
En bibliotekarie vid Orebro universitets medicinska bibliotek sokte i fyra medicinska databaser efter
studier frin 2000 till september 2019. Tva oberoende forskare valde ut relevanta studier och kvalitets-

granskade de studier som inkluderades. Proceduren gjordes separat for kliniska och hilsoekonomiska

effekter.

Resultat

Vid sokning efter litteratur kring andelen fel vid likemedelsdelning patriffades 4998 artiklar men efter
genomgang kvarstod endast tre relevanta studier. Tvd av dem var utforda pa ett universitetssjukhus i
Danmark. Andelen fel mittes fore och efter inforande av automatiserad, centraliserad likemedelsdel-
ning och de jimf6rdes ocksa med en kontrollavdelning. For bigge studierna noterades en minskning
av andelen fel med ett automatiserat system. Den tredje studien kom frin Storbritannien och jaimforde
tva olika “robotar” for likemedelsdelning. For bagge robotarna pavisades ocksd en minskning av ande-
len fel. Vid kvalitetsgranskning av studierna bedémdes de ha hog risk f6r snedvridning av resultaten pa

grund av studiernas utformning.

Vid den hilsoekonomiska sokningen pétriffades 2783 artiklar varav tva studier om kostnadseffektivitet
baserade pa de tvé studierna frain Danmark inkluderades. Sammantaget visades kostnadseffektiviteten

mojligen kan vara ndgot bittre med ett robotiserat system jamfort med manuell likemedelsdelning men
analysen inneholl osikerheter. Studierna modellerade inte sambandet mellan olika typer av likemedels-

fel och biverkningar, kostnader och hilsorelaterad livskvalitet som forknippas med sadana fel.

Slutsats

Mycket fa studier patriffades och de hade kvalitetsmissiga brister. Det bedoms inte méjligt att komma
till ndgon siker slutsats om effekterna av centraliserad automatiserad likemedelsdelning. Det ir osikert
om totala andelen fel blir firre, om det ar kliniskt relevanta fel som minskar sa att patientsikerheten
okar eller om det 4r mer gynnsamt ur hilsoekonomisk synvinkel an dagens manuella system.

I detta projekt har vi enbart fokuserat pa andelen fel vid likemedelsdelning och en mingd andra aspek-

ter pa ett robotiserat och centraliserat system har inte kartlagts.
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Introduktion

Likemedelsdelning 4r en avgdrande del av virden f6r patienter inlagda pa sjukhus och paverkar direke
patientsikerheten [1]. En siker medicineringsprocess bér tillhandahalla likemedlet pa ett korreke sitt
for varje planerad dos och garantera de fem aspekterna - ritt patient, ritt likemedel, ritt dos, ritt admi-
nistrationssitt och ritt tidpunke [2]. Fel vid sjilva likemedelsdelningen 4r dock den vanligaste orsaken

till negativa hindelser (adverse drug events, ADE) vid likemedelsbehandling 6ver hela virlden.

Frekvensen av fel vid likemedelsdelning varierar kraftigt beroende pd hur de definieras, kartliggs,
sjukvardsniva och vilket arbetssitt som anvinds. Felfrekvensen vid likemedelsdelning pé sjukhus har
beskrivits variera stort frin 0 till 49 % i publikationer frin USA och Europa [1, 3]. Komplexiteten vid

procesen for likemedelsdelning bidrar till den héga andelen fel.

Under de senaste 30 dren har teknik utvecklats for 6kad automatisering av likemedelsdelning. Automa-
tiserade dispenseringssystem (automated dispensing systems, ADS) anvinds i 6kande grad pa sjukhus

i manga linder. Implementering av automatisk likemedelsdelning 6kade fran 53 % till 80 % i Kanada
mellan 2010-2017 [4], och frin 89 % till cirka 100 % pa sjukhusen i USA, det ir dock oklart om det

omfattar bdde inneliggande och polikliniska patienter [4, 5].

Fordelarna vid automatiserad likemedelsdelning i form av firre likemedelsdelningsfel och dkad pa-
tientsikerhet har dock bérjat ifragasitts alltmer[6]. Vid eftersdkning i HTA-relaterade databaser globalt
patriffades endast tre relevanta rapporter frin CADTH, Canada publicerade under de senaste 10 aren

och samtliga visade otillricklig evidens [7-9]

Fragan om automatiserad likemedelsdelning har dock aktualiserats i Sverige pa senare tid. Det hinger
samman med okad brist pa personal, och i forst hand sjukskéterskor som i dagsliget ombesorjer like-
medelsdelningen f6r patienter inlagda pa sjukhus fran ett avdelningsbaserat likemedelsforrad. I forsta

hand har centraliserade system f6r automatiserad likemedelsdelning vicke intresse.

Syfte
Kartligga det vetenskapliga underlaget for likemedelsdelning via ett centraliserat automatiserat system i

jamforelse med manuell likemedelsdelning for patienter inlagda pa sjukhus.

Fragestallningar
Ar centraliserade automatiserade dispenseringssystem associerat med firre fel in manuell likemedelsdel-

ning for patienter inlagda pa sjukhus?
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Material och metoder

Foljande PICO formulerades:

Population Patienter inlagda pa sjukhus

Intervention Centraliserat automatiserat dosdispenseringssystem
Comparison Manuell Iakemedelsdelning

Outcome Fel i samband med dispenseringsprocessen

(frekvens, typ och allvarlighetsgrad)

Inklusionskriterier

* Endast primirstudier kring centraliserat automatiserat dispenseringssystem pa sjukhus

* Bade RCTs och observationsstudier

* Studier publicerade fran 2000 och framét

* Studier om automatiserat dispenseringssystem, dvs. som inkluderar bide dospackning och
elektronisk ordination

* Perorala likemedel som tabletter och kapslar

Exklusionskriterier

* Automatiserad likemedelsdelning for 6ppenvarden, virdhem eller dér det inte sikert framgar att det
dr patienter inlagda pd sjukhus

e Automatiserad likemedelsdelning utan helautomatiserad dospackning

* Decentraliserad eller avdelningsbaserad automatiserad dospackning

*  Studier dir det inte sikert framgar att det ror sig om elektronisk ordination av likemedel

e Studier dir resultat for inlagda patienter inte redovisas separat

e Studier som enbart kartligger manuell likemedelsdelning

*  Oversikter, systematiska oversikter, brev, kommentarer, fallrapporter, abstracts

* Studier rapporterade pa annat sprik dn engelska

* Likemedel i injektionsform

Litteratursékning
Sokningar har gjorts av informatiker pd Medicinska biblioteket, Orebro universitet i PubMed, Embase,

Cochrane Library och Cinahl. Sista sokdatum var 25 september 2019. Sékstringen redovisas i Appen-
dix 1.

Selektion
Tva oberoende granskare (ML, PN) liste titlar och sammanfattningar och samtliga triffar som be-
domdes relevanta valdes ut for lasning i fulltext. Vid lasning av artiklarna i fulltext selekterades de som

uppfyllde inklusionskriterierna. Eventuell oenighet pa fulltextniva lostes i konsensus.
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Bedomning av metodologisk kvalitet

Kvalitetsbeddmning och risk for bias har gjorts (ML, PN) enligt SBU:s nya granskningsmall Bedom-
ning av icke randomiserad studie (uppdaterad 2019-09-25), vilket baserad sig pa Cochranes risk av bias,
ROBINS-I [10].

Pagaende studier

Pagiende studier eftersoktes i ClinicalTrials.gov f6r primarstudier och i Prospero for systematiska 6ver-

sikter.
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Resultat

Selektionsprocess
Litteratursdkningen resulterade i 4998 triffar och ytterligare tio artiklar tillkom efter manuell sokning i

referenslistor. Efter genomgang av 33 artiklar pa fulltextniva kvarstod tre relevanta studier som inklude-

rades. Trettio studier exkluderades och orsakerna redovisas i Appendix 2. Urvalsprocessen visas i Figure

1.

Records identified through Additional records identified
database searching through other sources
(n=7656) (n=10)

Identification

!

Records after duplicates removed

(n=4998)
: '
(S
=
§ Records screened |, Records excluded
A (n=4998) (n=4965)
= A 4
= Full-text articles assessed Full-text articles excluded (n=30)
:'% for eligibility — Wrong publication type (2)
w (n=33) Wrong focus (19)

No control group (4)
No separated data (2)
Data from same study (3)

Studies included in
qualitative synthesis
(n=3)
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Figure 1 Study flow chart
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Det pétriffades ingen RCT som utvirderat interventionen ADS. Tvé studier av de tre studier som in-
kluderats har utforts av samma forskagrupp i Danmark de senaste aren[11, 12]. Den tredje har utforts i

Storbritannien fér mer idn tio ar sedan[13].

De tva danska studierna utfordes pa ett universitetssjukhus mellan 2013 «ill 2015. Ett komplext au-
tomatiserat medicineringssystem (cAMS) bestaende av elektronisk ordination av likemedlet (eMAR
electronic medication administration record system), automatiserat dispenseringsskap (ADC), auto-
matiserad unit-dos dispensering system (UDDS) och identifiering av patient med hjilp av streckkoder
(barcode medication administration, BCMA) jimfordes med traditionell manuell likemedelsdelningen
(inklusive elektronisk ordination). Observationer (utvirdering av likemedelsdelningen) gjordes av tre
farmaceuter under en 3-veckorsperiod bade fore och efter att systemet varit i bruk. Det primira utfallet
var total antalet fel i likemedelsdelningen, overall administration errors (AE), vilket definierades som
hantering av en dos likemedel pa ett sitt som avviker frin den digitala ordinationen. Felen subklassific-
erades i kliniska fel och procedurfel (Appendix 3). Generellt kan sdgas att kliniska fel leder till allvarliga-
re konsekvenser 4n procedurfel, men procedurfel bidrar till kliniska fel. I de bigge danska studierna har
anvints en statistisk metod kallad "difference-in-difference” -analys, som fokuserar pa f6rindringar 6ver
tid mellan interventions- och kontrollgrupperna. Metoden angavs anvindas for att undvika paverkan av

skillnader vid baslinjen mellan grupperna och dven férindringar pa kontrollavdelningen 6ver tid.

Den senast publicerade danska studien (2018) genomfordes pa tva akutavdelningar utan narmare
beskrivning vilka patientkategorier det rorde sig om. Interventionsavdelningen valdes ut baserat pa ett
formedlat intresse for interventionen. Kontrollavdelningen rekryterades di den bedémdes likna
interventionsavdelningen avseende likemedelshantering. Oddskvoten (odds ratio OR) for 6vergripande
administrativa fel pa interventionsavdelningen, i jimforelse med kontrollavdelningen beriknades till
0.53 (95 % CI 0.27-0.90). Vad giller subanalys f6r kliniska fel noterades OR 0.80 (95 % CI 0.31-2.06)
och f6r procedurfel OR 0.44 (95 % CI 0.16-0.94). For bade 6vergripande och procedurfel observerades
siledes en signifikant effekt efter implementering av cAMS. Efter tio ménaders intervention observera-
des samma felfrekvens i bade interventions- och kontrollgruppen, och det bér noteras att kontrollavdel-

ningen hade ett bittre utgangslige fore intervention vad giller andelen fel (Table 2).

Den tidigare publicerade danska studien (2016) genomférdes pa tva hematologiavdelningar med
samma studiedesign. Information om rekrytering av avdelningarna saknas men férdelningen till anting-
en intervention- eller kontrollgrupp bestimdes av avdelningscheferna. De tva avdelningarna uppgavs
matcha varandra avseende arbetsflode, medicinprofil och patienter. Utvirdering gjordes efter att

systemet varit implementerat i fyra manader.

Difference-in-difference-analyser mellan interventions- och kontrollgruppen f6r 6vergripande

administrativa fel visade OR 0.43 ( 95 % CI 0.30-0.63), for kliniska fel 0.06 (95 % CI 0.02-0.17) och
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for procedurfel 0.7 (95 % CI 0.48-0.1.40). I interventionsgruppen minskade den 6vergripande fel-
frekvensen 35 % till 17 %, huvudsakligen orsakat av att procedurfelen minskade fran 31 % till 16 %.
I kontrollgruppen minskade den 6vergripande felfrekvensen endast fran 37 % till 35 %. For procedur-
felen minskade visserligen andelen fran 36 till 25 %, medan den kliniska felfrekvensen diremot 6kade
fran 2 % till 12 % pa just kontrollavdelningen. Orsaken till detta var att flera doser inte delats ut samt

att fel likemedel gavs.

Den tredje studien fran Storbritannien utférdes pa tvd undervisningssjukhus (om 450 sjukhusbiddar
vardera) inom samma organisation med utvirdering av tva system for centraliserad ADS (Pack

Picker © fran Swisslog, Switzerland och Speedcase ° frin ARC Ltd, UK). Studiedesign var som i de
danska studierna en f6re-efter mitning. Observationerna gjordes under en 2-veckorsperiod fore och 12
manader efter implementering av PackPicker °, och under en 2-veckorsperiod fére och 6 manader efter
implementering av Speedcase ° [13] (Table 1). Bide inneliggande, polikliniska och nyligen utskrivna

patienter ingick i studien. I denna studie fanns ingen kontrollgrupp med manuell likemedelsdelning.

Det primira utfallet i studien var frekvens och typ av dispenseringsfel, vilka identifierades vid en slut-
kontroll pa likemedelsavdelningen. Felen klassificerades som angiende ”content, labelling and do-
cumentation” (Appendix 3). Utfallet visade att den 6vergripande felfrekvensen for likemedelsdelning
for inneliggande patienter minskade fran 1.2 % till 0.8 % efter implementering av Pack Picker ® och
frin 1.6 % till 0.9 % efter implementering av Speedcase ° (Table 2). For all likemedelsdelning (dven for
patienter som just skrivits ut frin sjukhuset och polikliniska patienter) sigs en signifikant minskning i

andelen fel totalt. Forindringarna var saledes likartade pa bigge sjukhusen, frin en lig niva.
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Table 1 Basic characteristics of included studies clinical aspects
Author Study design | Study Intervention | Setting Simple size Observation
Country period (number of period
Year doses)
Risor BW, Controlled 2013-2015 | cAMS 2 acute Intervention 3 weeks before
Danmark pre- and post- medical wards | ward intervention and
2018 [12] intervention in a university Pre: 542 3 weeks after 10
hospital. Post: 534 months of CAMS
Intervention: Control ward
14-17 beds Pre: 544
Control: Post: 520
17 beds
Risor BW, Controlled 2013-2014 | cAMS 2 hematological | Intervention 3 weeks before
Danmark pre- and post- wards in a uni- | ward intervention and
2016 [11] intervention versity hospital. | Pre: 550 3 weeks after 4
Post: 570 months of CAMS
Intervention:
21 beds Control ward
Control: Pre: 512
22 beds Post: 613
Franklin BD, | Pre- and post- | 2003-2006 | Pack Picker® |2 teaching Pack Picker® Pack Picker®
UK intervention Speedcase® hospital with Pre: 9161 2 weeks before
2008 [13] 450 beds each Post: 9289 intervention
Speedcase® 2 weeks after 12
Pre: 8033 months
Post: 7894 Speedcase®
2 weeks before
intervention and
2 weeks after 6
months

cAMS: complex automated medication system (consisted of: eMAR +UDD+ADC+BCMA).
eMAR: electronic medication administration record; UDDS: unit dose dispensing system. ADCs: automated
dispensing cabinets;
BCMA: barcode medication administration.
Pack Picker® and Speedcase®: two brands of centralized automated dispensing system.
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Table 2

Error rate pre- and post-implementation of automated
dispensing systems

Author Outcome Pre-intervention Post-intervention OR (95% Cl)*
Year Error rate % Error rate %
Risor BW, Administration | Intervention ward Intervention ward Intervention vs control ward
2018 [12] errors (AE) Overall AE 15 | Overall AE 6 | Overall AE 0.53 (0.27-0.90)
Clinical error 6 | Clinical error 2
Procedural error 10 | Procedural error 4 | Sub-analyses
Clinical errors 0.80(0.31-2.06)
Control ward Control ward Procedural errors 0.44 (0.16-0.94)
Overall AE 9 | Overall AE 6
Clinical error 5 | Clinical error 2
Procedural error 5 | Procedural error 4
Risor BW, Administration | Intervention ward Intervention ward Intervention vs control ward
2016 [11] errors (AE) Overall AE 35| Overall AE 17 | Overall AE 0.43 (0.30-0.63)
Clinical error 4 | Clinical error 2
Procedural error 31 | Procedural error 16 | Sub-analyses
Clinical errors ~ 0.06 (0.02-0.17)
Control ward Control ward Procedural errors 0.7 (0.48-1.04)
Overall AE 37 | Overall AE 35
Clinical error 2 | Clinical error 12
Procedural error 36 | Procedural error 25
Franklin BD, | Dispensing Overall DE Overall DE -
2008 [13] error (DE) Site 1 1.2 | Pack Picker® 0.8
Site 2 1.6 | Speedcase® 0.9
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Kvalitetsgranskning
Inkluderade studier granskades med hjilp av SBUs granskningsmall f6r icke-randomiserade studier.

Sammantaget beddmdes att samtliga tre studier har hog risk f6r bias. Det huvudsakliga skilet 4r avsak-

nad av en randomiserad design.

I de tvé studierna frain Danmark var det oklart hur de deltagande avdelningarna valdes ut till interven-
tions- eller kontrollgrupp. I ena studien (fran 2018) beskrivs ett intresse frin interventionsavdelningen
att anvinda det automatiserade systemet. For bagge studierna saknas information om potentiella con-
founders sasom deltagarnas egenskaper och erfarenheter eller olika patientprofil pd interventions-res-
pektive kontrollavdelning. Ingen av studierna var blindad. Forskningsprotokoll fanns inte tillgingligt pa

engelska. En av studierna saknar javsdeklaration.

I den tredje studien fran Storbritanniens jimférdes tvd varumirken av ADS som bérjade anvindas

o o . 3 . I . . o . . . . .
pa tvd olika sites” inom samma sjukvardsorganisation. Det saknas information om potentiella con-
founders. Studien var inte blindad. Forskningsprotokoll fanns inte publicerade i forvig och det saknas

javsdeklaration [11, 13].
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Pagaende studier
Vid s6kning i ClinicalTrials.gov (mars 2020) patriffades inte ndgon pagiende studie som jamfor auto-

matiserad likemedelsdelning system med manuell likemedelsdelning for patienter inlagda pa sjukhus.

Vid s6kning i PROSPERO (mars 2020) pétriffades en pagiende systematisk oversike [14].
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Diskussion

Tre studier kring effekten av centraliserad automatiserad dosdispensering for likemedel till patienter pa
sjukhus pétriffades. Tva danska studier jimforde utfallet med manuell likemedelsdelning och en tredje
brittisk studien jimforde tva olika automatiserade system. Studierna var uppbyggda kring en fore-efter

design och samtliga bedomdes ha hog risk for bias.

I den brittiska studien jimfordes de tva varumirkena Speedcase® och Pack Picker® for automatiserad
dosdispensering (robot). De tva danska studierna anvinde ett komplext automatiserat likemedelsdel-
ningssystem och efter kontakt med forfattaren visade det sig ocksé vara PillPick® Swisslog. Det 4r oklart
varfor detta inte angavs i artiklarna. Systemet integrerade centraliserade dosmaskiner tillsamman med
andra tekniker, t ex anvindande av streckkod for identifiering av patienter, vilket gor att det omgjligt att

avgora effekten av olika delar i den sammansatta interventionen.

En svarighet under arbetets ging var just den oklarhet som rader kring ménga begrepp som anvinds i
den komplexa processen kring likemedelsdelning. Enligt de kriterier som stilldes upp infor projektet
fick manga publikationer exkluderas pa grund av fel fokus, sisom att interventionen var olika decentra-
liserade system (ADS eller ADCs) [15-18], att kontrollgruppen var decentraliserad ADS[19] eller det
anvindes ordination pé papper vid manuell likemedelsdelning [20, 21]. Andra orsaker var att studien
fokuserade pa andra delar av ett automatiserat tekniksystem som elektronisk forskrivning (eMAR eller

CPOE) [22, 23], anvindande av streckkod (BCMA) [24-26].

ADS bérjade anvindas 1980-talet och anvinds i allt hogre grad pa sjukhus i manga linder, sirskilt i
USA och Kanada. De ADS som finns tillgingliga av olika varumirken skiljer sig at. De kan klassifice-
ras som centraliserad automatiserad dosrobot (pharmarcy-based ADS, t ex Rowa Speedcase®, Swisslog
Pack Picker®, PillPick®, Baxter Consis System), decentraliserad automatiserad dos maskin eller ADCs
(ward-based ADS, t ex Pyxis MedStationTM®, MedSelect®) och automatiserad unit-dos-dispensing
system (UDDS) [27]. Utbudet av olika tekniska losningar ar siledes stort. Enligt en nationell under-
sokning dr 2017 i USA anvinds ett centraliserat ADS pa 8 % av de allminna sjukhusen, en majoritet
av sjukhusen (70 %) anvinder ADCs [28]. I Canada anvinds centraliserad ADSs (robotik automation)
pa cirka 12 % av sjukhusen 2016/2017, medan anvindningen av ADC har okat till 80 % [4]. I detta

projekt har vi enbart fokuserat pd en centraliserad losning.

Under arbete blev det ocksa tydligt att det saknas en enhetlig definition och klassifikation for de fel som
uppkommer under likemedelsdelningsprocessen. I de inkluderade studierna anvindes tvd termer som
likemedelshanteringsfel (administration errors) och likemedelsdelningsfel (dispensing errors) med olika
subklassifikationer (se Appendix 3). Observationer kan ske i klinisk miljo pa avdelningen av sjukskoter-
skans arbete [11, 12], eller pa likemedelsavdelningen hos farmaceut [13], eller vid bada tva [29]. Det
bidrar ytterligare till hog heterogenitet inom omradet.

En lirdom fran detta projekt 4r saledes att likemedelsdelningsprocessen dr mycket komplex. Den
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bestdr av flera delar i en lang kedja och utfors i samverkan mellan olika kategorier av sjukvardspersonal,
inklusive likare, farmaceuter och sjukskdterskor. Likemedelsdelningsfel av olika typer kan forekomma i

olika delar av kedjan och atgirder mot var och en av delarna kan minska risken for fel.

De studier som patriffades kan inte sikert besvara fragan om andelen fel i likemedelshanteringen till
patienter inneliggande pé sjukhus minskar med ett centraliserat automatiserat system. De fa studier,

av lag kvalitet, som identifierats pekar mojligen i denna rikening. En viktig aspekt dr dock den kliniska
relevansen i de fel som uppmiits. En begrinsad forskjutning fran ett ordinerat exake klockslag ir inte lik-
tydigt med effekterna av fel likemedel i fel dos till fel patient. Sammanfattningsvis bedoms det darmed
oklart om ADS kan bidra till 6kad patientsikerhet.

I de studier som patriffades var eventuella risker med en centraliserad automatiserad dosdispensering
for patienter inlagda pa sjukhus inte kartlagda. I vilken utstrickning sjilva transporten frin den centrala
enheten ut till varje virdavdelning ér ett riskmoment dr oklart. Det 4r ocksa oklart hur pass ”driftsikra”
de aktuella likemedelsrobotarna ir och vilken grad beredskap som méste finnas f6r stérningar av olika

slag.

Andra mojliga lingtidseffekter av att flytta manuell likemedelsdelning av sjukskéterskor till en central
enhet med automatiserad drift har inte berdrts i detta projekt. Det kan exempelvis rora sig om fortro-
genhet med likemedel som ges till patienter pa den egna avdelningen och en mental beredskap for att
observera eventuella biverkningar. Fragan om centraliserad automatiserad likemedelsdelning bedoms
dirfor aterigen som mycket komplex och dven om frekvensen fel dr en viktig variabel 4r den langt ifran

den enda som behéver beaktas.
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Etiska aspekter

Det ir ett fundamentalt etiskt grundat krav pa all sjukvard att individer inte kommer till skada i sam-
band med sjukdomsbehandling. All medicinsk verksamhet dr forenad med risker, men dessa ska mini-
meras genom ett effektivt patientsikerhetsarbete. Likemedelshantering ar en viktig del i dessa anstring-

ningar.

Mot denna bakgrund 4r det férvanande att denna kartliggning finner sé fa vilgjorda studier som stédjer
inforandet av automatiska delningssystem for likemedel. Om ett inforande sker utan att det finns for
evidens hur sikerheten ir i relation till manuell delning, innebir detta att den etiska grundregeln om

skydd for patienter mot onddig skada inte respekteras.

Vid avsaknad av studier kan det ur etisk synvinkel, emellanat, anses tillrickligt med beprévad erfaren-
het. Kan avsaknaden av vilgjorda studier accepteras i detta fall? Det forefaller osannolike utifrin erfaren-
heten hur riskabelt det ir att fista tilltro till icke-systematiska observationer. Kravet pa en rimlig niva av

evidens for nya tekniska system i sjukvirden har en stark etisk grund.

Det ir ett fundamentalt etiskt krav att patienter pa sjukhus kan kinna sig trygga avseende behandling
med likemedel — dels att ritt likemedel delas ut pa korrekt sitt, men ocksé att de verkligen ordineras de
likemedel de behover. Denna kartliggning kan inte besvara frigan om driftssikerheten i de automatiska
delningssystemen. Men alla system som bygger pa automatiserade tekniska funktioner r, mer eller min-
dre, sirbara for driftsfel och driftsstorningar. De studier som har identifierats besvarar inte denna fraga

och inte heller vilken beredskap som finns for att hantera driftstérningar.

Vilka etiska forluster, forutom den eventuellt 6kade risken for delningsfel och stérningar i driften, kan
de automatiserade systemen medfora? Det torde vara av etisk relevans att klargora vilka forindringar

i framfor allt sjukskdterskors arbetssituation som systemen medfér. Det géller kunskap bade om det
nuvarande systemet for likemedelsdelning och vad som eventuellt kan tillkomma vid centraliserad
automatiserad likemedelsdelning. Det giller kvantifiering av arbetstid men det giller ocksa kvalitativa

upplevelser av arbetsmiljon.
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Halsoekonomiska aspekter
Beslutsproblem och fragestallning
Fel vid likemedelsdelning ir ett av de storsta hoten mot patientsikerheten [3-5]. Centraliserade dis-
penseringssystem har identifierats som ett potentiellt sitt f6r att minska medicineringsfel (och didrmed
forknippade kostnader), samt dven forbittra sjukvardsverksamhet, dvs. reducera belastning for sjuk-
vardspersonal for likemedelforvaring, inventering och dispensering. Implementering av ett sidant sys-
tem innebir att verksamheter skiftar frin befintliga konventionella, manuella dispenseringssystem med
betydande konsekvenser for kostnader och effekter.
I detta kapitel undersoks foljande hilsoekonomiska fragestillning:

* Vad har centraliserat automatiserat likemedelsdelning pa sjukhus for hilsoekonomiska effekter jaim-

fort med manuellt dispenseringssystem?

Material och metoder
Foljande PICO stilldes upp infor projekestart:

Population Patienter inlagda pa sjukhus i behov av lakemedel
Intervention Centraliserat automatiserat dispenseringssystem
Comparison Manuellt dispenseringssystem

Outcome Kostnadseffektivitet, kostnader, halsorelaterad livskvalitet

Litteratursékning
Litteratursdkningen anvindes soktermerna som gillde den kliniska delen av rapporten med tilligg
av hilsoekonomiska termer. Sokningarna gjordes av informatiker pa Medicinska biblioteket, Orebro

universitet i PubMed, Cochrane Library, EMBASE, Web of Science och EconlLit. Sista sokdatum var 26
september 2019. Sokstringen redovisas i Appendix 4.

Inklusionskriterier
* Kostnadseffektivitetanalyser, kostnadsnyttoanalyser, kostnadsintiktsanalyser kring anvindning av
automatiserat dispenseringssystem, dvs. som inkluderar bade dospackning och elektronisk ordina-
tion
e Artiklar publicerade frin 2000 och framat

e Alla beredningsformer av likemedel

Exklusionskriterier
* Automatiserad likemedelsdelning for 6ppenvarden, eller for individer pa olika former av vardhem,
eller ddr det inte sikert framgdr att patienter 4r inlagda pa sjukhus

* Automatiserad likemedelsdelning utan helautomatiserad dospackning
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 Decentraliserad eller avdelningsbaserad automatiserad dospackning

* Studier dir det inte sikert framgar att det r6r sig om elektronisk ordination av likemedel
e Studier dir resultat f6r inlagda patienter inte redovisas separat

o Oversikter, systematiska oversikter, brev, kommentarer, fallrapporter, abstracts

* Studier som enbart kartligger manuell likemedelsdelning

* Studier rapporterade pd annat sprak in engelska

Selektion
Tre oberoende granskare (PN, AM, KOE) liste titlar/sammanfattningar och samtliga triffar som be-
doémdes relevanta valdes ut for lasning i fulltext. Vid ldsning av artiklarna i fulltext selekterades de som

uppfyllde inklusionskriterierna. Oenighet 16stes i konsensus.

Bedomning av metodologisk kvalitet

Kvalitetsbeddmning gjordes enligt SBUs granskningsmallar gillande hilsoekonomiska studier [6].
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Resultat

Totalt 2,738 publikationer triffades i litteratursokningen. Av 2,029 unika publikationer granskades pa

titel/sammanfattning nivé. Totalt 26 artiklar beddmdes som potentiellt relevanta och listes i fulltext och

2 inkluderades. Selektionsprocessen redovisas i Figur 3.

Artiklarna som lastes i fulltext och exkluderats redovisas i Bilaga 5. Studien av Franklin et al [7] som
inkluderades i den kliniska delen av rapporten, exkluderades pa grund av att ingen kostnadsberikning

genomfordes i analysen. Likasd exkluderades en studie av Berdot et al [8] pé grund av val av utvirde-

ringsmetod och brister i rapporteringen av resultat.
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Figure 3 Flow chart
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Resultaten och underliggande variabler i de inkluderade studierna rapporteras i Table 4 och i bilagor
6-10. De publikationer som inkluderades handlar om inférandet av automatiserade likemedelssystem
vid ett dansk universitetssjukhus [1, 2] och bygger pd publikationerna som identifierades i den kliniska

literatturs6kningen.

Risor et al. (2017) [1] jimforde ett automatiserat likemedelssystem (Automated Medication System
AMS) med manuell dispensering utférd av sjukskéterskor vid tvd hematologiska avdelningar. AMS be-
stod av 1) kontroll av recept av farmaceut (eMAR), 2) automatiserad enhetsdosférpackning av medici-
ner packade for enskilda patienter levererade var 24e timme, och 3) streckkodsassisterad administrering
(BCMA) med scanning vid singen med hjilp av en personlig digital assistent (PDA). Genereringen av
uppskattningar av AMS-effektiviteten var baserad pa metoderna som anges i den kliniska delen av den

hir rapporten.

Analysen genomfordes med ett sjukvardsperspektiv, baserad pé tvaveckors observationstid och en 6-ma-
naders tidshorisont. Analysen fokuserade pa tabletter och inte likemedel som injiceras. Kostnaderna
som inkluderades avsag personal, bortkastade tabletter, dosférpacknings-, investerings- och studiekost-
nader (rapporteras separat). Inkluderade kostnadskategorier stimmer 6verens med det valda perspek-
tivet, men antaganden bakom resursanvindning och berikningarna har inte alltid varit transparenta.
Samtidigt 4r stratifieringen och bortvalet av implementeringskostnader inte tydligt motiverat. Négra
kostnader frin den kategorin som kan vara mer permanenta for sidana tekniker har exkluderats och det
leder till en underskattning av relevanta kostnader givet personal omsittning och systemets funktionel-
la liv. Analysen antog engingskostnader for utbildning av personal och fér inférandet av systemet pa
€31,789. Farmaceutrelaterade enhetskostnader har inkluderats bade till berdkningen av kostnaden for
enhetsdosforpackning och for implementering av AMS generellt. Effektivitetsparametrarna erholls fran
en annan studie [9] och standardiserades for att kompensera for skillnader i antal doser som delas ut pa
de inkluderade avdelningarna. Antalet medicineringsfel beriknades genom att multiplicera den specifi-
ka andelen fel med antalet administrerade doser per dr. Antalet undvikna medicineringsfel berdknades

genom att subtrahera antalet fel vid baslinjen med det antalet fel vid uppféljningen.

Studien rapporterade en signifikant minskning i antalet medicineringsfel under den undersékta sex-
ménadersperioden till en inkrementell sammanlagd kostnad pa €16,843. Enligt insamlade data, till-
bringade sjukskoterskor cirka 260 timmar med hantering av likemedelsrecept med AMS jimfért med
660 timmar med manuellt system, dvs. en besparing pa 400 timmar. Farmaceuterna tillbringade cirka
198 timmar med AMS jimfért med 104 timmar med manuellt systemet, dvs. ett tilligg pa 94 timmar
som handlade om teknisk kontroll av recept samt funktionen av systemet. Antalet bortkastade tabletter
var 2,147 med det manuella systemet jimfort med 1,723 med AMS. Medelkostnaden per bortkastad
tablett beriaknades pa €0.15. Den inkrementella kostnaden per typ av fel som undviks var €2.01 (admi-
nistration), €2.91 (procedur) och €19.38 (klinisk).
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Utvirderingen inkluderade kinslighets- och scenarioanalys som undersokte effekten av likemedel-
handlingskostnader och antalet fel paA AMS-kostnadseffektivitet, men inga andra variabler undersoktes.
Analysen kunde inte undersoka paverkan av varierade diskonteringsrintor enligt etablerade riktlinjer
givet modellens korta tidshorisont, samt paverkan av lirandeeftekter (learning effects) kring personalens
anvindning av systemet. Den inkrementella kostnaden per typ av fel som undviks var mellan €1.90-
€2.18 (administration), €2.62- €3.57 (procedur) och €15.83- €86.63 (klinisk). For att justera for att
sjukhusavdelningen inte skulle kunna realisera besparingarna i likemedelshanteringstiden, utférdes en
analys exklusive besparingarna. Den inkrementella kostnaden per typ av fel som undviks rapporterades
variera mellan €2.79- €3.19 (administration), €3.84-€5.37 (procedur) och €23.17- €126.75 (klinisk).

Trots att resultaten indikerar en moderat variation av administrativa och procedurrelaterade fel, obser-
verades stor variation i uppskattningen av kliniska fel. Analysen har inte specificerat distributioner for
de undersokta parametrarna eller genomfért en probabilistisk kinslighetsanalys (PSA) enligt nationella
hilsoekonomiska rekommendationer. Det betyder i sin tur att sannolikheten att tekniken 4r kostnadsef-
fektiv jimford med alternativet for givna troskelvirden inte kan slis fast. Samtidigt 4r valet av kostnads-
kategorierna och tidshorisonten inte tydligt motiverat, vilket underskattar kostnader pa lingre sikt. Det
bor noteras att studien inte modellerade sambandet mellan medicineringsfel och patientrelevanta utfall
som tex biverkningar, livskvalitet eller mortalitet. Aven om studieresultaten indikerade (potentiellt)
gynnsam kostnadseffektivitet for AMS jimf6rt med konventionell dispensering och administration, kan
kostnadseffektiviteten for interventionen inte f6r nirvarande bedéomas pa grund av saknad information

om troskelvirde som anvinds av beslutsfattare.
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Table 4  Basic characteristics of included health economic studies
Author Study type | Time Intervention | Comparator | Currency Effectiveness | Cost categories | Main findings/ Sensitivity | Author
Year Perspective | horizon | Medicine Reporting measure and costing Results analysis conclusions
Country form year approach
Setting
Risor et al. Model-based | 6 months | Automated Medicines de- | Euro (€) Medication Handling; waste; Statistically Yes - ‘[...]the
2017 CEA Medication livered in origi- | Year not administration pharmaceutical significant reduction | assessment cost-effectiveness
Denmark Healthcare System AMS1 | nal packaging | explicitly stated | errors with services; personal | in the proportion of | of impact analysis gives
Two hospital perspective and dispensed | but sources procedural and digital assis- medication of handling | decision makers
haematology Tablets by nurses in indicate 2013 | clinical error tant; dose bags; administration errors | costs on ICER | the opportunity to
wards the medication sub-classifications | personnel and ICER per type of Scenario form their personal
room at the facility; interven- | avoided error analysis opinions of the value
ward tion planning and | (administration, excluding of an avoided clinical
implementation procedural, clinical): | savings in error and to determi-
€2.01,€2.91, handling ne whether the
Microlevel costing | €19.38 costs intervention should
Indeterminate No PSA be considered good
cost-effectiveness value for money.
due to absence of
applicable threshold
values
Risor et al. Model-based | 6 months | 3 automa- Medicines de- | Euro (€) Number of errors | Handling, waste, | ICER per type of Scenario ‘PSAMS was the
2018 CEA ted systems: livered in origi- | converted from | in medication pharmaceutical avoided error (admi- | analysis for most cost-effective
Denmark Healthcare psAMS, nal packaging | Danish kronor | administration services, dose nistration, proce- different alternative in all
Haematology | perspective cAMS, and dispensed | (€ 1 = DKK with procedural | bags, PDA, ADC dural, clinical) and levels of dose | scenarios with all
ward and npsAMS by nurses in 7.45) and clinical error intervention utilization realistic values of
acute the medication | 2016 sub-classifications | Microlevel costing | psAMS (15000 and | avoided errors. The
medical unit Tablets, sup- room at the €5.21,€8.07, 45000 doses) | psAMS showed a
positories and | ward €23.98 npsAMS 100% probability of
other pharma- PSA being cost-effective
ceutical forms at a valuation of €25
(unspecified) PSA with per avoided error
exclusion of | regardless of error
investment type’
cost for ADC
in CAMS

Abbreviations: AMS, Automated medication system; cAMS, Complex automated medication system; CEA, Cost-effectiveness analysis; ICER, Incremental cost-effectiveness ratio; PDA, Personal digital
assistant; psAMS, Patient-specific automated medicated system; npsAMS, Non-patient-specific automated medication system; PSA, Probabilistic sensitivity analysis | Note: AMS Automated Medication
System components: 1) A pharmacist-performed technical control of prescriptions, 2) automated unit dose dispensing of medication packed for individual patients delivered every 24 hours, 3) barcode
medication administration with bedside barcode scanning using a personal digital assistant (PDA) psAMS Patient-specific Automated Medicated System components: 1) Pharmacist-performed technical
control of prescriptions, 2) Automated unit dose dispensing of medication packed for individual patients delivered every 24 hours, 3) Barcode medication administration with bedside barcode scanning
using a personal digital assistant (PDA) cAMS Complex automated medication system components: 1) Pharmacist-performed technical control of prescriptions, 2) Automated unit dose dispensing of
tablets packaged (not patient specific), 3) Automated dispensing cabinet, 4) Barcode medication administration system with bedside barcode scanning using a personal digital assistant (PDA) npsAMS
Non-patient-specific automated medication system components: 1) Automated unit dose dispensing of medication delivered every 24 hours, 2) Barcode medication administration with bedside barco-
de scanning using a personal digital assistant (PDA)
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Studien av Risor et al. (2018) [2] jimforde tre olika automatiserade dispenseringssystem med konven-
tionell, manuell dispensering och administration av likemedel av sjukskoterskor vid hematologi och
akutvirdsavdelningar. Utvirderingen baserades pa data fran tvd kontrollerade fore-och-efter studier av
tre olika medicineringsadministrationssystem pa olika vardavdelningar. Den férsta studien var Risor
etal 2017 [9]. Den andra var en studie som genomfordes pa tva akuta enheter. Vid tidpunkten for
publiceringen av den hilsoekonomiska analysen hade studiedata frin den underliggande studien (eller
protokollet) dnnu inte publicerats. Den publicerades dock senare och redovisas i den kliniska delen av

rapporten. Systemen som jimfordes bestod av:

1. Ett patientspecifikt automatiserat likemedeldelningssystem (patient-specific automated medi-
cation system pAMS) bestdende av: 1) Receptkontroll av farmaceut (eMAR), 2) Automatiserad
patient-specifik enhetsdospackning, 3) Administrering med streckkodsscanning (BCMA) vid sidngen
med en personlig digital assistent (PDA).

2. Ett komplext automatiserat likemedelssystem (complex automated medication system cAMS)
bestdende av: 1) Farmaceut kontroll av recept, 2) Automatiserad dosering av forpackade tabletter (ej
patientspecifik), 3) Likemedelsautomat (automated dispensing cabinet ADC), 4) Administrering
med streckkodsskanning (BCMA) vid singen med hjilp av en PDA.

3. Ett icke-patientspecifikt automatiserat medicineringssystem (non-patient specific automated med-
icated system npsAMS) som bestar av: 1) Automatiserad dosutdelning av medicin, 2) Administre-

ring med streckkodsscanning (BCMA) vid singen med hjilp av PDA.

Analysen genomfordes med ett sjukvardsperspektiv, en 6-ménaders tidshorisont och rapporterade resul-
tat for ett bas-scenario av 30,000 doser, samt ytterligare scenarier med 15,000 och 45,000 doser. Medi-
cineringsfel definierades pa ett liknande sitt som i tidigare publikationer av forskargruppen, med tilligg
av en ytterligare kategori (dvs. 'wrong colour in the eMAR’) [2, 9]. Automatisering ver sexmanaders-
perioden forknippades med en varierad effekt pa likemedelshanteringstiden. For psAMS och npsAMS
forknippades inférandet med en minskning om 170 timmar (psAMS) och 125 timmar (npsAMS).
Andringarna handlade ocksi om ett tilligg i farmacevt-relaterade arbetstimmar (psAMS 90, npsAMS
39), samt tid for en ny arbetsuppgift f6r psAMS, dvs. tid f6r att packa upp likemedel fran deras for-
packning (72 timmar). Ytterligare analyser av besparingarnas fordelning mellan olika yrkeskategorier av
vardpersonal och farmaceuter presenterades inte. Inforandet av cAMS férknippades med ett tilligg av

257 timmar av farmacevternas tid pga. systemets komplexitet.

Kostnaderna som inkluderades handlar om personal, bortkastade tabletter, dosforpackning och inves-
tering. Studien inkluderade kostnader for automatiserade dispenseringsskap pd avdelning pad €67,571
for cAMS. Studien foljde samma metodik som Risor et al. [1] gillande kostnadsberikningar kring t.ex.
dospackningskostnader, investeringskostnader osv. Medelkostnaden per bortkastad tablett beriknades
pa €0.45, nistan tre ganger si hog kostnad jaimfort med den tidigare studien. Analysen anvinde logistik

regression och beriknade effektiviteten med standardisering av felproportionerna mellan jimférda vard-
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avdelningar och anvindning av difference-in-difference analysis for att undvika 6verestimering, men
det ir inte alltid tydligt eller transparent nir det giller antaganden som anvinds for att kontrollera for
heterogeniteten vad giller ursprungliga egenskaper hos de jimférda avdelningarna. Studien inkluderade
inga utbildningskostnader relaterade till anvindningen av de olika systemen. Det betyder att kostna-
derna relaterade till utbildningen av personalen har uteslutits och detta har lett till en underskattning
av relevanta kostnader. Pi ett liknande sitt har inga inldrningseffekter relaterade till anvindningen av
systemet av personal redovisats eller modellerats, vilket i sin tur indikerar att systemens effektivitet har

overskattats.

Analysen rapporterade variation i minskningen av medicineringsfel och resultaten stratifierades enligt
typ av fel och implementerat system. Antalet kliniska fel som undviks under en sexmanadersperiod
rapporterades vara 812 psAMS, 671 npsAMS och 266 cAMS. psAMS férknippades med statistiskt
signifikanta minskningar for alla typer av fel (OR administration 0.4, procedur 0.8, klinisk 0.24). np-
sAMS forknippades med statistiskt signifikanta minskningar enbart for kliniska fel (OR 0.27; 95% CI
0.15-0.93). cAMS rapporterade statistiskt signifikanta minskningar f6r administrations- och procedur-
fel, men inte kliniska fel (OR 0.75 ; 95% CI 0.29-1.94). Systemet med psAMS rapporterade de ligsta
inkrementella kostnaderna per fel oberoende av typen av fel som undviks, dvs. administration €5.21,
procedur €8.07, klinisk €23.98. Den inkrementella kostnaden per typ av fel som undviks minskades
vidare i scenariot med 45,000 doser. Den inkrementella kostnaden per administrativa fel estimerades till
€4.75 (psAMS), €13.01 (npsAMS) och €34.26 (CAMS), dvs. ju hogre antal doser desto mer kostnads-
effektivt blir systemet. Den inkrementella kostnaden per kliniskt fel som undviks och implementerat
system var €21.89 (psAMS), €24.46 (npsAMS) och €286.82 (cAMS). Samtidig paverkan av den ge-
mensamma parametersosikerheten analyserades med PSA som visade psAMS att vara 100% kostnadsef-
fektivt for troskelvirden hogre dn €24 per fel. For npsAMS var det motsvarande virdet €26. Resultaten
fran kostnadseftektivitetsanalysen var robusta till en ytterligare analys dir kostnaden for automatiserat
dispenseringsskip i cAMS exkluderades, fast pa en ligre virderingsniva. Det bor noteras att studien

inte modellerade forhallandet mellan de undersokta felen och kliniska patient-relevanta utfall som t.ex.

mortalitet, biverkningar, livskvalitet osv.

Kvalitetsgranskning

Publikationerna kvalitetsgranskades med st6d av SBUs hilsoekonomiska granskningsmallar f6r hal-
soekonomiska studier [6]. Overforbarheten av studiernas ekonomiska resultat har utvirderats som
medelhog. Trots att studierna handlar om danska sjukvardsverksamheter, avviker metodiken fran
etablerade svenska hilsoekonomiska riktlinjer. Studiernas kvalitet vad giller interventionens effekter och
biverkningar har utvirderats som lagt pga. hog risk for bias och forvixlingsfaktorer (confounding) i de
underliggande studierna. Kvaliteten vad giller studiernas ekonomiska aspekter har bedomts lagt for Ri-
sor et a. (2017) [1] och medelhdg for Risor et al. (2018) [2] pga. avsaknad av virdering av kliniska fel,
otydliga antaganden kring virdering och val av specifika kostnadskategorier, selektionen av modellens

tidshorisont samt skillnader i anvindningen av PSA for att hantera osikerheten i studiernas resultat.
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Figure 4 Quality assessment of included health economic studies
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Diskussion

Centraliserad automatiserad likemedelsdelning representerar en ny utveckling for sjukvardsorganisa-
tioner och befintliga vardgivarverksamheter. Férekomsten av flera steg dir likemedelsfel kan uppsta har
gett upphov till olika tekniker som syftar till att mojliggora minskning eller forebyggande av sidana

fel. I den utstrickning sddana system ar effektiva for att uppnd sina uttalade mal, kan patientsikerhet
och behandlingsresultat forbattras. Samtidigt kan dessa system innebira ett skift i interna arbetsfldden.
Vardpersonal kan tillbringa mindre tid pa att dela ut mediciner, medan farmaceuter kan se sin roll ut-
vidgas. Med tanke pa effekterna av dispenseringssystem pa patientsikerhet och arbetsflode 4r det nod-

vindigt att sidan teknik utvirderas for att avgdra deras kostnadseffektivitet.

De selekterade studierna har forsoke att besvara frigan genom att anvinda observationsdata frin danska
sjukvirdsverksamheter och att modellera kostnader och effekter 6ver en sexmanadersperiod. Studierna
anvinde en disaggregerade definition av fel som syftar till att finga de flesta, om inte alla, av de viktigas-
te fallen dir medicineringsfel kan uppstd. Denna detaljerade definition kan méjliggora battre forstielse
for de olika typer av fel som kan uppstd inom vardaglig praxis. Kostnadsinformation extraherades frin
tillforlitliga killor och kostnadseffektivitetsinformation stratifierades enligt felkategori dvs. administra-

tion, procedur och kliniska fel.

For att beddma interventionens kostnadseffektivitet behéver man veta virden som hilsoplanerare och
beslutsfattare skulle vara villiga att betala for att undvika ett medicineringsfel. Virden anvindas ocksa
for mer avancerad kinslighetsanalys enligt nationella hilsoekonomiska riktlinjer for att avgora osikerhe-
tens paverka pé sannolikheten kring behandlingens kostnadseffektivitet jimfort med alternativet. Sada-
na bedomningar kan inte goras i Risor et al. (2017) [1]. A andra sidan, visade Risor et al. (2018) [2] att
psAMS (npsAMS) var 100 % kostnadseffektivt f6r virde hogre an €24 (€26). Teknikens kostnadseftek-
tivitet 6kade vidare for hogre antal doser som betyder att sddana system kan vara mer kostnadseffektiva i

verksamheter som har hog kapacitet eller som ticker omraden med hogt befolkningsantal.

Det bér noteras att analyserna anvinde en definition av medicineringsfel som inte kopplades till en ut-
virdering av konsekvenserna som kan forknippas till olika typer av fel samt antalet patienter som skulle
behova ytterligare behandling och/eller 6kad vardtid (eller inte). Forfattarna modellerade inte samban-
det mellan olika typer av medicineringsfel och likemedelsbiverkningar eller patienternas dverlevnad och
halsorelaterad livskvalitet pa grund av dessa. Analyserna rapporterade inte kostnader per kvalitetsjus-
terade levnadsir (QALY) eller modellerade sambandet mellan surrogat- och slutpunkter, som rekom-
menderas av nationella hilsoekonomiska riktlinjerna [10]. Dessutom presenterade studierna ingen
ytterligare evidens for att stotta det metodologiska beslutet att begrinsa valet av utfallsmitning i stillet
for att undersoka likemedelsfelens direkta paverkan pé patientsikerhet och dodlighet. Trots att detta 4r i
overensstimmelse med synpunkten som framforts att en sddan strategi skulle ha introducerat ytterligare
osikerhet i utvirderingen, ir valet ovintat med tanke pé att kostnadseffektivitetsanalysens syfte ar att

klargéra just det, for att mojliggora for hilsoplanerare att fatta bittre beslut.
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Aven om franvaron av modellering kring sambandet mellan likemedelsfel och patient-relevanta utfall
kan betraktas som en konservativ strategi i utvirderingen av automatiserade dispenseringssystem, tillater
analysen inte slutsatser av hogre sikerhet kring de totala resurs- och hilsoeffekterna av systemen, samt
deras roll i aktuella kliniska verksamheter. Detta dr en begrinsning, sirskilt for kliniska fel, som kan

ha storre konsekvens for patientsikerheten 4n den andra citerade typen av fel. En surrogatslutpunkt

kan inte noédvindigtvis eller automatiske 6versittas till fordelar som ar bra f6r pengarna f6r hilso-och
sjukvardssystem pga. de inte fingar den verkliga risk-nyttaprofilen fér en innovation och kan leda till

missestimering av interventionens effekter [11].

Hilsoekonomiska analyser av centraliserat automatiserat dispenseringssystem gér for nirvarande ge-
nom en utvecklingsperiod pa grund av de begrinsade tillgingliga studierna. Som antyds av antalet och
egenskaperna hos de uteslutna studierna har teknikutveckling och automation lett till implementering
av mycket heterogena losningar vilkas utvirdering oftare utfors i fragmenterade och affirsmissiga dn
hilsoekonomiska termer. Detta kan leda i sin tur till atc viktiga aspekter kring risk-nytta, evidenskva-
litet, patientsikerhet och livskvalitet forbises frin beslutsprocessen. Det befintliga hilsoekonomiska
evidensunderlaget indikerar att vissa system kan vara kostnadseffektiva givet vissa troskelvirden men
evidenskvalitet innebir betydande osikerhet. Analysen av medicinsk teknik behéver modellera kost-
naderna och effekterna av sidan teknik pa ett mer detaljerat och omfattande sitt. Inlirningseffekterna
for personal borde fangas [12]. Samtidigt borde utvirderingshorisonten vara tillrickligt ling for att
finga alla relevanta kostnader och effekter som sddana system forknippas med. Processer for forbattrad
sjukvéirdsorganisation bor idealiskt baseras pa evidens av hog kvalitet, sdsom kliniska prévningar som
bedémer slutresultaten som ir relevanta for patienter, sisom 6verlevnad, biverkningar och hilsorelaterad
livskvalitet [13,14].
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Kunskapsluckor

Ett flertal kunskapsluckor har identifierats kring centraliserad automatiserad dosdispensering for patien-

ter inlagda pé sjukhus. Det saknas hogkvalitativa studier inom omréidet, framfér allt med randomiserad

design som klargor om hur andelen fel i likemedelsdelningen paverkas. Det saknas ocksa studier kring

hur en potentiell reduktion av andelen fel paverkar patientsikerheten, dvs association mellan antalet fel

och klinisk relevans av de fel som uppmits. Det pétriffades inte nagra studier avseende risker med ett

centraliserat och automatiserat likemedelsdelningssystem vad giller transporter, transporttider, drift-

stérningar, och behov av beredskap.

Det saknas hogkvalitativa hilsoekonomiska studier som undersoker kostnadseffektiviteten f6r centralise-

rad automatiserad dispensering och rapporterar granulirt om de fullstindiga effekterna av sidana inter-

ventioner pé patienternas hilsorelaterade livskvalitet, 6verlevnad och vardpersonalens resursanvindning.

Vidare saknas inom forskningsfaltet gemensamma definitioner och klassifikation av likemedelsdelnings-

fel eller hanteringsfel.

I detta projeke har vi inte sokt efter andra relevanta fragestillningar sisom lingtidseffekter pa kompetens

inom likemedelsomradet for olika yrkeskategorier vid annat system f6r likemedelsdelning.

Sammanfattande slutord och underlag for prioritering

En kartldggning av primirstudier kring centraliserat automatiserat likemedelsdelningssystem pa sjukhus

visade ett oklart kunskapslige.

Prioriteringsobjekt

Effektstorlek

Evidensstyrka

Kostnadseffektivitet

Prioritet

Centraliserat
automatiserat
dispenseringssystem

Oklar effektstorlek,
baserat pa observation
av frekvensen fel i
lakemedelshantering;
inget om klinisk
relevans

Mycket lag,
fa studier och
endast fore-,
efter design

Obestamd —
potentiellt
gynnsam men
hog osakerhet

Camto kommenterar inte prioritetsordning utan det limnas till lisare och beslutsfattare.
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Appendix 1

Literature search (clinical effects)

PubMed 20190923

Soktermer

Antal traffar

Automated medication dispensing

(" Electronic Data Processing"[Mesh]) OR Automation[MeSH
Terms]) OR Robotics[MeSH Terms]) OR automation[Title/Abstract]) OR ro-
bot[Title/Abstract]) OR robotics[Title/Abstract]) OR automatic[Title/Abstract])
OR automated[Title/Abstract]) OR electronic[Title/Abstract]) OR compu-
terized[Title/Abstract]) OR bar coding[Title/Abstract]) OR bar code[Title/
Abstract]) OR barcode[Title/Abstract]) OR barcode system([Title/Abstract]))
AND (((((((((((((" Medlication Systems"[Mesh]) OR medication dispensing[Title/
Abstract]) OR drug dispensing[Title/Abstract]) OR drug dispenser[Title/Ab-
stract]) OR drug distribution[Title/Abstract]) OR drug administration[Title/Ab-
stract]) OR medication dispenser[Title/Abstract]) OR medical dispensing|[Title/
Abstract]) OR medicine dispensing[Title/Abstract]) OR medication manage-
ment[Title/Abstract]) OR drug management[Title/Abstract]) OR medication
administration[Title/Abstract])))

3,735

CCCCCCCCCeCeautomated medication dispensing|[Title/Abstract]) OR
automated medication dispenser[Title/Abstract]) OR automated dispensing|-
Title/Abstract]) OR automated dispenser|[Title/Abstract]) OR automated dose
dispensing[Title/Abstract]) OR dispensing robot[Title/Abstract]) OR dispensi-
ng robots[Title/Abstract]) OR pharmacy robot[Title/Abstract]) OR pharmacy
robots[Title/Abstract]) OR robotic dispensing[Title/Abstract]) OR robotic
dispenser|[Title/Abstract]) OR automated drug dispensing|[Title/Abstract]) OR
automated drug dispenser[Title/Abstract]) OR automated drug distributionl[-
Title/Abstract]) OR automated drug administration[Title/Abstract]) OR auto-
mated medication management[Title/Abstract]) OR automated medication
distribution[Title/Abstract]) OR automated dispensing device[Title/Abstract])
OR medication dispensing technology|[Title/Abstract]) OR drug dispensing
technology[Title/Abstract]) OR medication dispensing technique[Title/Ab-
stract]) OR drug dispensing technique[Title/Abstract]) OR automated dispen-
sing cabinets[Title/Abstract])) OR automated medication technology|Title/
Abstract])) OR computerized medication management[Title/Abstract]) OR
computerized drug management[Title/Abstract]) OR computerized medical
administration[Title/Abstract]) OR electronic medication management[Title/
Abstract]) OR electronic drug management[Title/Abstract]) OR electronic
medication administration[Title/Abstract])

1,392

Medi

cation erro

rs

Medication errors[MeSH Terms] OR error*[Title/Abstract] OR mistake*[Title/
Abstract] OR incident*[Title/Abstract] OR adverse drug event*[Title/Abstract]
OR ADE[Title/Abstract] OR risk*[Title/Abstract] OR safety[Title/Abstract]

2,815,822

4.

1.OR 2.

4,262

5

3. AND 4.

2,203

Limits: Ar 2000-
Exkluderat: Reviews, Systematic Reviews och Meta-analysis

Engelska

6.

1,664
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Embase 20190923

Soktermer Antal traffar

Automated medication dispensing

(("drug distribution'/exp OR 'drug administration'/exp OR (medication:ab,- 15,244
ti AND dispensing:ab,ti) OR (medication:ab,ti AND dispenser:ab,ti) OR
(drug:ab,ti AND dispenser:ab,ti) OR (drug:ab,ti AND dispensing:ab,ti) OR
(drug:ab,ti AND distribution:ab,ti) OR (drug:ab,ti AND administration:ab,ti)
1. OR (medical:ab,ti AND dispensing:ab,ti) OR (medicine:ab,ti AND dispensi-
ng:ab,ti)) AND (‘automation'/exp OR 'robotics'/exp OR (automation:ab,ti
OR robot:ab,ti OR robotics:ab,ti OR automatic:ab,ti OR automated:ab,ti OR
electronic:ab,ti OR computerized:ab,ti OR 'bar coding':ab,ti OR 'bar co-
de':ab,ti OR barcode:ab,ti OR 'barcode system':ab,ti))))

(((((automated:ab,ti AND medication:ab,ti AND dispensing:ab,ti) OR (auto- 9,840
mated:ab,ti AND medication:ab,ti AND dispenser:ab,ti) OR (automated:ab,ti
AND dispensing:ab,ti) OR (automated:ab,ti AND dispenser:ab,ti) OR (au-
tomated:ab,ti AND dose:ab,ti AND dispensing:ab,ti) OR (dispensing:ab, ti
AND robot:ab,ti) OR (dispensing:ab,ti AND robots:ab,ti) OR (pharmacy:ab,ti
AND robots:ab,ti) OR (automated:ab,ti AND medication:ab,ti AND distribu-
tion:ab,ti) OR (automated:ab,ti AND dispensing:ab,ti AND device:ab,ti) OR
(pharmacy:ab,ti AND robot:ab,ti) OR (robotic:ab,ti AND dispensing:ab,ti) OR
(robotic:ab,ti AND dispenser:ab,ti) OR (automated:ab,ti AND drug:ab,ti AND
dispensing:ab,ti) OR (automated:ab,ti AND drug:ab,ti AND dispenser:ab,ti)
OR (automated:ab,ti AND drug:ab,ti AND distribution:ab,ti) OR (automa-
ted:ab,ti AND drug:ab,ti AND administration:ab,ti) OR (automated:ab,ti AND
drug:ab,ti AND management:ab,ti)) OR (computerized:ab,ti AND medica-
tion:ab,ti AND management:ab,ti OR (computerized:ab,ti AND drug:ab,ti
AND management:ab,ti) OR (computerized:ab,ti AND medical:ab,ti AND
administration:ab,ti) OR (electronic:ab,ti AND medication:ab,ti AND manage-
ment:ab,ti) OR (electronic:ab,ti AND drug:ab,ti AND management:ab,ti) OR
(electronic:ab,ti AND medication:ab,ti AND administration:ab,ti)))

(‘'medication error'/exp OR (error*:ab,ti OR mistake*:ab,ti OR incident*:ab,- | 4,010,344
3. ti OR (adverse:ab,ti AND drug:ab,ti AND event*:ab,ti) OR ade:ab,ti OR
risk*:ab,ti OR safety:ab,ti)))

4. 1.0R 2 21,653

5 3. AND 4. 7,499

Limits: 2000-, Engelska
Exkluderat: Conference abstracts, Conference Reviews, Editorials, Letters, Notes, Reviews,
Systematic reviews, Cochrane reviews, Meta-analysis

6. 2,317

Efter dubblettkontroll | 1,340
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Cochrane 20190925

Soktermer

Antal traffar

Automated medication dispensing

(automated medication dispensing OR automated medication dispenser OR
automated dispensing OR automated dispenser OR automated dose dispen-
sing OR dispensing robot OR dispensing robots OR pharmacy robot OR phar-
macy robots OR robotic dispensing OR robotic dispenser OR automated drug
dispensing OR automated drug dispenser OR automated drug distribution
OR automated drug administration OR automated medication management
OR automated medication distribution OR automated dispensing device OR
medication dispensing technology OR drug dispensing technology OR med-
ication dispensing technique OR drug dispensing technique OR automated
dispensing cabinets OR automated medication technology OR computerized
medication management OR computerized drug management OR compu-
terized medical administration OR electronic medication management OR
electronic drug management OR electronic medication administration):-
ti,ab, kw

2998

MeSH exp: [Medication Systems] OR medication dispensing OR medication
dispenser OR drug dispensing OR drug dispenser OR drug distribution OR
drug administration OR medical dispensing OR medicine dispensing OR med-
ication management OR drug management OR medication administration

284,381

MeSH exp: [Automation] OR [Robotics] OR [Electronic Data Processing] OR
(automation OR automatic OR automated OR robot OR robotics OR electro-
nic OR computerized OR “bar coding” OR "“bar code” OR barcode OR
"barcode system”):ti,ab,kw.

35,731

3.

2. AND 3.

5,293

4.

1.OR 3.

5,441

Medication erro

rs

5.

MeSH exp: [Medication Errors] OR error* OR (mistake* OR incident* OR
adverse drug event* OR "ade" OR risk* OR safety):ti,ab,kw.

434,805

6

4. AND 5.

2,537

Limits: 2000-, Engelska, Trials
Exkluderat Systematic Reviews, Meta-analysis.

8.

2,087

Efter dubblettkontroll

1379
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Cinahl 20190925

Soktermer

Antal traffar

Automated medication dispensing

(automated medication dispensing OR automated medication dispenser OR
automated dispensing OR automated dispenser OR automated dose dispen-
sing OR dispensing robot OR dispensing robots OR pharmacy robot OR phar-
macy robots OR robotic dispensing OR robotic dispenser OR automated drug
dispensing OR automated drug dispenser OR automated drug distribution
OR automated drug administration OR automated medication management
OR automated medication distribution OR automated dispensing device OR
medication dispensing technology OR drug dispensing technology OR med-
ication dispensing technique OR drug dispensing technique OR automated
dispensing cabinets OR automated medication technology OR computerized
medication management OR computerized drug management OR compu-
terized medical administration OR electronic medication management OR
electronic drug management OR electronic medication administration):ti,ab.

2,485

MH "Medication Systems" OR (medication dispensing OR medication dis-
penser OR drug dispensing OR drug dispenser OR drug distribution OR drug
administration OR medical dispensing OR medicine dispensing OR medica-
tion management OR drug management OR medication administration):-
ti,ab.

68,913

(MH "Automation" OR MH "Robotics") OR (automation OR automatic OR
automated OR robot OR robotics OR electronic OR computerized OR" bar
coding” OR" bar code” OR barcode OR" barcode system”): ti, ab, kw.

109,702

3.

2. AND 3.

3,669

4.

1.0R 3.

3,921

Medication erro

rs

5.

(MH "Medication Errors") OR error* OR (mistake* OR incident* OR adverse
drug event* OR "ade" OR risk* OR safety):ti,ab,kw.

805,965

6

4. AND 5.

1,942

Limits: 2000-, Engelska
Exkluderat: Editorials, Letters, Reviews, Systematic Reviews.

8.

1,588

Efter dubblettkontroll

618
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Appendix 2  Excluded studies (clinical effects)

No.

Year

Author | Title

Reason

2019

Berdot S, Boussadi A, Vilfaillot A, et al. Integration of a Commer-
cial Barcode-Assisted Medication Dispensing System in a Teaching
Hospital. Appl Clin Inform. 2019;10(4):615-624

Wrong focus

2019

Elkady T, Rees A, Khalifa M. Nurses Acceptance of Automated
Medication Dispensing Cabinets. Stud Health Technol Inform.
2019;262:47-50.

No control group

2019

Berdot S, Blanc C, Chevalier D, et al. Impact of drug stora-
ge systems: a quasi-experimental study with and without an
automated-drug dispensing cabinet. Int J Qual Health Care.
2019;31(3):225-230.

No control group

2019

Berdot S, Korb-Savoldelli V, Jaccoulet E, et al. A centralized au-
tomated-dispensing system in a French teaching hospital: return
on investment and quality improvement. Int J Qual Health Care.
2019;31(3):219-224

Wrong focus

2018

Portelli G, Canobbio M, Bitonti R, et al. The Impact of an Automa-
ted Dispensing System for Supplying Narcotics in a Surgical Unit:
The Experience of the National Cancer Institute Foundation of
Milan [Article in Press]. Hosp Pharm. 2018

Wrong focus

2018

Risor BW, Lisby M, Sorensen J. Comparative Cost-Effectiveness
Analysis of Three Different Automated Medication Systems Im-
plemented in a Danish Hospital Setting. Appl Health Econ Health
Policy. 2018;16(1):91-106.

Same data

2017

de-Carvalho D, Alvim-Borges JL, Toscano CM. Impact assessment
of an automated drug-dispensing system in a tertiary hospital.
Clinics (Sao Paulo). 2017;72(10):629-636.

Wrong focus

2017

Risor BW, Lisby M, Sorensen J. Cost-Effectiveness Analysis of an
Automated Medication System Implemented in a Danish Hospital
Setting. Value Health. 2017;20(7):886-893.

Same data

2017

Hodgkinson MR, Larmour |, Lin S, et al. The impact of an integra-
ted electronic medication prescribing and dispensing system on
prescribing and dispensing errors: A before and after study [Artic-
le]. Journal of Pharmacy Practice and Research. 2017;47(2):110-
120.

Wrong focus

10

2016

Cochran GL, Barrett RS, Horn SD. Comparison of medication sa-
fety systems in critical access hospitals: Combined analysis of two
studies. Am J Health Syst Pharm. 2016;73(15):1167-73.

No separated data

1"

2016

Fanning L, Jones N, Manias E. Impact of automated dispensing
cabinets on medication selection and preparation error rates in
an emergency department: a prospective and direct observational
before-and-after study. J Eval Clin Pract. 2016;22(2):156-63.

Wrong focus

12

2015

Oldland AR, Golightly LK, May SK, et al. Electronic inventory
systems and barcode technology: impact on pharmacy technical
accuracy and error liability. Hosp Pharm. 2015;50(1):34-41.

No separated data

13

2015

Arrowood SD, Yaniv AW. Use of automated dispensing cabinets
to enhance processes for safe handling of high-alert drugs in
pharmacy cleanrooms. Am J Health Syst Pharm. 2015;72(1):18-21

Wrong publication type
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No.

Year

Author | Title

Reason

14

2014

Cousein E, Mareville J, Lerooy A, et al. Effect of automated drug
distribution systems on medication error rates in a short-stay geri-
atric unit. J Eval Clin Pract. 2014;20(5):678-84.

Wrong focus

15

2014

Rochais E, Atkinson S, Guilbeault M, et al. Nursing perception of
the impact of automated dispensing cabinets on patient safety
and ergonomics in a teaching health care center. J Pharm Pract.
2014;27(2):150-7

Wrong focus

16

2013

James KL, Barlow D, Bithell A, et al. The impact of automation
on workload and dispensing errors in a hospital pharmacy. Int J
Pharm Pract. 2013;21(2):92-104.

Wrong focus

17

2013

Palttala I, Heinamaki J, Honkanen O, et al. Towards more reliable
automated multi-dose dispensing: retrospective follow-up study
on medication dose errors and product defects. Drug Dev Ind
Pharm. 2013;39(3):489-98

No control group

18

2012

Rodriguez-Gonzalez CG, Herranz-Alonso A, Martin-Barbero ML,
et al. Prevalence of medication administration errors in two med-
ical units with automated prescription and dispensing. J Am Med
Inform Assoc. 2012;19(1):72-8.

No control group

19

2011

Jimenez Munoz AB, Muino Miguez A, Rodriguez Perez MP, et al.
Comparison of medication error rates and clinical effects in three
medication prescription-dispensation systems. Int J Health Care
Qual Assur. 2011;24(3):238-48

Wrong focus

21

2010

Chapuis C, Roustit M, Bal G, et al. Automated drug dispensing
system reduces medication errors in an intensive care setting. Crit
Care Med. 2010;38(12):2275-81.

Wrong focus

22

2010

Higgins T, Heelon M, Siano B, et al. Medication safety improves
after implementation of positive patient identification. Appl Clin
Inform. 2010;1(3):213-20

Wrong focus

23

2009

Bepko RJ, Jr., Moore JR, Coleman JR. Implementation of a phar-
macy automation system (robotics) to ensure medication safety at
Norwalk hospital. Qual Manag Health Care. 2009;18(2):103-14

Wrong publication type

24

2007

Franklin BD, O'Grady K, Donyai P, et al. The impact of a clo-
sed-loop electronic prescribing and administration system on
prescribing errors, administration errors and staff time: a befo-
re-and-after study. Qual Saf Health Care. 2007;16(4):279-84

Wrong focus

25

2007

Oswald S, Caldwell R. Dispensing error rate after implementation
of an automated pharmacy carousel system. Am J Health Syst
Pharm. 2007;64(13):1427-31

Wrong focus

26

2007

Wu RC, Laporte A, Ungar WJ. Cost-effectiveness of an electronic
medication ordering and administration system in reducing adver-
se drug events. J Eval Clin Pract. 2007;13(3):440-448

Wrong focus

27

2006

Dib JG, Abdulmohsin SA, Farouki MU, et al. Effects of an au-
tomated drug dispensing system on medication adverse event
occurrences and cost containment at SAMSO. Hosp Pharm.
2006;41(12):1180-1184

Wrong focus
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No.

Year

Author | Title

Reason

28

2006

Cina J, Fanikos J, Mitton P, et al. Medication errors in a pharma-
cy-based bar-code-repackaging center [Article]. Am J Health Syst
Pharm. 2006;63(2):165-168+100

Wrong focus

29

2005

Fitzpatrick R, Cooke P, Southall C, et al. Evaluation of an automa-
ted dispensing system in a hospital pharmacy dispensary [Article].
Pharm J. 2005;274(7354):763-765

Wrong focus

30

2003

Fontan JE, Maneglier V, Nguyen VX, et al. Medication errors in
hospitals: computerized unit dose drug dispensing system versus
ward stock distribution system. Pharm World Sci.
2003;25(3):112-7

Wrong focus
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Appendix 3  Classification of medication dispensing errors used in
the included studies

Author
Year
Country

Term

Type of error

Risor B.W. et al
Danmark
2018

Administration errors
(AE)

Clinical errors:

Wrong drug

Omission of dose

Wrong dose

Wrong substitution

Wrong administration form

Wrong patient

Procedural errors:

Wrong colour mark in eMAR

Wrong strength per unit

Wrong administration time

Lack of documentation of a substitution
Lack of documentation of the administration
Lack of prescription check

Lack of barcode scanning*

Risor B.W. et al
Danmark
2016

Administration errors
(AE)

Clinical errors:

Wrong drug

Omission of dose

Wrong dose

Wrong substitution

Wrong administration form

Wrong patient

Packaging error*

Procedural errors:

Wrong strength per unit

Wrong administration time

Lack of documentation of a substitution
Lack of documentation of the administration
Lack of prescription check

Lack of ID on the medicine box

Lack of ID control

Lack of barcode scanning*

Franklin, B. D.
2008,
UK.

Dispensing error (DE)

Content
Labelling
Documentation

*Error types only relevant in the intervention ward post-intervention
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Appendix 4

PubMed 190926

Health economic literature search

Soktermer

Antal traffar

Automated medication dispensing

(" Electronic Data Processing"[Mesh]) OR Automation[MeSH
Terms]) OR Robotics[MeSH Terms]) OR automation[Title/Abstract]) OR ro-
bot[Title/Abstract]) OR robotics[Title/Abstract]) OR automatic[Title/Abstract])
OR automated[Title/Abstract]) OR electronic[Title/Abstract]) OR compu-
terized[Title/Abstract]) OR bar coding[Title/Abstract]) OR bar code[Title/
Abstract]) OR barcode[Title/Abstract]) OR barcode system([Title/Abstract]))
AND (((((((((((((" Medlication Systems"[Mesh]) OR medication dispensing[Title/
Abstract]) OR drug dispensing[Title/Abstract]) OR drug dispenser[Title/Ab-
stract]) OR drug distribution[Title/Abstract]) OR drug administration[Title/Ab-
stract]) OR medication dispenser[Title/Abstract]) OR medical dispensing|[Title/
Abstract]) OR medicine dispensing[Title/Abstract]) OR medication manage-
ment[Title/Abstract]) OR drug management[Title/Abstract]) OR medication
administration[Title/Abstract])))

3,735

CCCCCCCCCcecetautomated medication dispensing|[Title/Abstract]) OR
automated medication dispenser[Title/Abstract]) OR automated dispensingl-
Title/Abstract]) OR automated dispenser([Title/Abstract]) OR automated dose
dispensing[Title/Abstract]) OR dispensing robot[Title/Abstract]) OR dispensi-
ng robots[Title/Abstract]) OR pharmacy robot[Title/Abstract]) OR pharmacy
robots[Title/Abstract]) OR robotic dispensing[Title/Abstract]) OR robotic
dispenser|[Title/Abstract]) OR automated drug dispensing[Title/Abstract]) OR
automated drug dispenser[Title/Abstract]) OR automated drug distributionl[-
Title/Abstract]) OR automated drug administration[Title/Abstract]) OR auto-
mated medication management[Title/Abstract]) OR automated medication
distribution[Title/Abstract]) OR automated dispensing device[Title/Abstract])
OR medication dispensing technology|[Title/Abstract]) OR drug dispensing
technology[Title/Abstract]) OR medication dispensing technique[Title/Ab-
stract]) OR drug dispensing technique[Title/Abstract]) OR automated dispen-
sing cabinets[Title/Abstract])) OR automated medication technology(Title/
Abstract])) OR computerized medication management[Title/Abstract]) OR
computerized drug management[Title/Abstract]) OR computerized medical
administration[Title/Abstract]) OR electronic medication management[Title/
Abstract]) OR electronic drug management[Title/Abstract]) OR electronic
medication administration[Title/Abstract])

1,392

3.

1.0OR 2.

4,262

Medication errors

Medication errors[MeSH Terms] OR error*[Title/Abstract] OR mistake*[Title/
Abstract] OR incident*[Title/Abstract] OR adverse drug event*[Title/Abstract]
OR ADE[Title/Abstract] OR risk*[Title/Abstract] OR safety[Title/Abstract]

2,815,822

Health economic aspects

(((((costs[Title/Abstract] OR cost analysis[Title/Abstract] OR evaluation|[Title/
Abstract] OR cost-benefit analysis[Title/Abstract] OR cost-effectiveness ana-
lysis[Title/Abstract] OR cost- utility analysis[Title/Abstract] OR budget impact
analysis[Title/Abstract] OR resource utilisation[Title/Abstract] OR resource uti-
lization[Title/Abstract] OR resource use[Title/Abstract] OR material burdenl-
Title/Abstract] OR healthcare costs[Title/Abstract] OR financial impact([Title/
Abstract]))) OR ((" Cost-Benefit Analysis"[Mesh]) OR "Costs and Cost Ana-
lysis"[Mesh]))) OR ((((drug storage/economics) OR drug therapy, computer
assisted/economics) OR (drug storage/organization and administration)) OR
pharmacy service, hospital/economics)

1,474,874
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Soktermer

Antal traffar

6.

3. AND 4. AND 5.

426

Limits: Ar 2000- Engelska
Exkluderat: Reviews, Letters, Editorials

7.

323
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Embase 190926

Soktermer

Antal traffar

Automated medication dispensing

(("drug distribution'/exp OR 'drug administration'/exp OR (medication:ab,-
ti AND dispensing:ab,ti) OR (medication:ab,ti AND dispenser:ab,ti) OR
(drug:ab,ti AND dispenser:ab,ti) OR (drug:ab,ti AND dispensing:ab,ti) OR
(drug:ab,ti AND distribution:ab,ti) OR (drug:ab,ti AND administration:ab,ti)
OR (medical:ab,ti AND dispensing:ab,ti) OR (medicine:ab,ti AND dispensi-
ng:ab,ti)) AND (‘automation'/exp OR 'robotics'/exp OR (automation:ab,ti
OR robot:ab,ti OR robotics:ab,ti OR automatic:ab,ti OR automated:ab,ti OR
electronic:ab,ti OR computerized:ab,ti OR 'bar coding':ab,ti OR 'bar co-
de':ab,ti OR barcode:ab,ti OR 'barcode system':ab,ti))))

15,244

(((((automated:ab,ti AND medication:ab,ti AND dispensing:ab,ti) OR (auto-
mated:ab,ti AND medication:ab,ti AND dispenser:ab,ti) OR (automated:ab,ti
AND dispensing:ab,ti) OR (automated:ab,ti AND dispenser:ab,ti) OR (au-
tomated:ab,ti AND dose:ab,ti AND dispensing:ab,ti) OR (dispensing:ab, ti
AND robot:ab,ti) OR (dispensing:ab,ti AND robots:ab,ti) OR (pharmacy:ab,ti
AND robots:ab,ti) OR (automated:ab,ti AND medication:ab,ti AND distribu-
tion:ab,ti) OR (automated:ab,ti AND dispensing:ab,ti AND device:ab,ti) OR
(pharmacy:ab,ti AND robot:ab,ti) OR (robotic:ab,ti AND dispensing:ab,ti) OR
(robotic:ab,ti AND dispenser:ab,ti) OR (automated:ab,ti AND drug:ab,ti AND
dispensing:ab,ti) OR (automated:ab,ti AND drug:ab,ti AND dispenser:ab,ti)
OR (automated:ab,ti AND drug:ab,ti AND distribution:ab,ti) OR (automa-
ted:ab,ti AND drug:ab,ti AND administration:ab,ti) OR (automated:ab,ti AND
drug:ab,ti AND management:ab,ti)) OR (computerized:ab,ti AND medica-
tion:ab,ti AND management:ab,ti OR (computerized:ab,ti AND drug:ab,ti
AND management:ab,ti) OR (computerized:ab,ti AND medical:ab,ti AND
administration:ab,ti) OR (electronic:ab,ti AND medication:ab,ti AND manage-
ment:ab,ti) OR (electronic:ab,ti AND drug:ab,ti AND management:ab,ti) OR
(electronic:ab,ti AND medication:ab,ti AND administration:ab,ti)))

9,840

3.

1.0R 2.

21,653

Medication errors

(‘'medication error'/exp OR (error*:ab,ti OR mistake*:ab,ti OR incident*:ab,-
ti OR (adverse:ab,ti AND drug:ab,ti AND event*:ab,ti) OR ade:ab,ti OR
risk*:ab,ti OR safety:ab,ti)))

4,010,344

Health economic aspects

'health economics'/exp OR costs:ab,ti OR 'cost analysis':ab,ti OR evalua-
tion:ab,ti OR 'cost-benefit analysis':ab,ti OR 'cost-effectiveness analysis':ab,ti
OR 'cost- utility analysis':ab,ti OR 'budget impact analysis':ab,ti OR 'resource
utilisation':ab,ti OR 'resource utilization":ab,ti OR 'resource use':ab,ti OR 'ma-
terial burden':ab,ti OR 'healthcare costs':ab,ti OR 'financial impact':ab,ti

2,494,026

6.

3. AND 4. AND 5.

1,842

Limits: 2000-, Engelska
Exkluderat: Conference abstracts, Conference Reviews, Editorials, Letters, Note, Reviews

7.

638

8.

Efter dubblettkontroll

453
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Cochrane 190926

Soktermer

Antal traffar

Automated medication dispensing

(automated medication dispensing OR automated medication dispenser OR
automated dispensing OR automated dispenser OR automated dose dispen-
sing OR dispensing robot OR dispensing robots OR pharmacy robot OR phar-
macy robots OR robotic dispensing OR robotic dispenser OR automated drug
dispensing OR automated drug dispenser OR automated drug distribution
OR automated drug administration OR automated medication management
OR automated medication distribution OR automated dispensing device OR
medication dispensing technology OR drug dispensing technology OR med-
ication dispensing technique OR drug dispensing technique OR automated
dispensing cabinets OR automated medication technology OR computerized
medication management OR computerized drug management OR compu-
terized medical administration OR electronic medication management OR
electronic drug management OR electronic medication administration):-
ti,ab,kw

2998

MeSH exp: [Medication Systems] OR medication dispensing OR medication
dispenser OR drug dispensing OR drug dispenser OR drug distribution OR
drug administration OR medical dispensing OR medicine dispensing OR med-
ication management OR drug management OR medication administration

284,381

MeSH exp: [Automation] OR [Robotics] OR [Electronic Data Processing] OR
(automation OR automatic OR automated OR robot OR robotics OR electro-
nic OR computerized OR” bar coding” OR “bar code” OR barcode OR
"barcode system”):ti,ab,kw.

35,731

3.

2. AND 3.

5,293

4.

1.0R 3.

5,441

Medication errors

5.

MeSH exp: [Medication Errors] OR error* OR (mistake* OR incident* OR
adverse drug event* OR "ade" OR risk* OR safety):ti,ab,kw.

434,805

Health economic aspects

MeSH exp: [Costs and Cost Analysis] OR [Cost-Benefit Analysis] OR [Phar-
macy Service, Hospital]:[economics - EC] OR (costs OR "cost analysis" OR
evaluation OR "cost-benefit analysis” OR "cost-effectiveness analysis" OR
"cost- utility analysis" OR "budget impact analysis" OR "resource utilisa-
tion" OR "resource utilization" OR "resource use" OR "material burden" OR
"healthcare costs" OR "financial impact"): ti, ab kw.

185,772

7.

4. AND 5. AND 6.

711

Limits: 2000-, Engelska

8.

694

9.

Efter dubblettkontroll

588
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Web of Science 190926

Soktermer

Antal traffar

Automated medication dispensing

(automated medication dispensing OR automated medication dispenser

OR automated dispensing OR automated dispenser OR automated dose
dispensing OR dispensing robot OR dispensing robots OR pharmacy robot
OR pharmacy robots OR robotic dispensing OR robotic dispenser OR auto-
mated drug dispensing OR automated drug dispenser OR automated drug
distribution OR automated drug administration OR automated medication
management OR automated medication distribution OR automated dispensi-
ng device OR medication dispensing technology OR drug dispensing tech-
nology OR medication dispensing technique OR drug dispensing technique
OR automated dispensing cabinets OR automated medication technology
OR computerized medication management OR computerized drug mana-
gement OR computerized medical administration OR electronic medication
management OR electronic drug management OR electronic medication
administration):Topic.

9,167

(medication dispensing OR medication dispenser OR drug dispensing OR
drug dispenser OR drug distribution OR drug administration OR medical
dispensing OR medicine dispensing OR medication management OR drug
management OR medication administration) AND (automation OR automa-
tic OR automated OR robot OR robotics OR electronic OR computerized OR
"bar coding” OR "bar code” OR barcode OR "barcode system”):Topic.

11,590

3.

1.0R 2

13,230

Medication errors

4.

(error* OR mistake* OR incident* OR adverse drug event* OR "ade" OR
risk* OR safety):Topic.

4,747,158

Health economic aspects

(costs OR "cost analysis" OR evaluation OR "cost-benefit analysis" OR
"cost-effectiveness analysis” OR "cost- utility analysis" OR "budget impact
analysis" OR "resource utilisation" OR "resource utilization" OR "resource
use" OR "material burden" OR "healthcare costs" OR "financial impact"):
Topic.

3,472,920

6.

3. AND 4. AND 5.

1,407

Limits: 2000-, Engelska
Exkluderat: Reviews, Letters, Editorials, Meeting Abstracts.

7.

1,007

Efter dubblettkontroll

608
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EconLit 190926

Soktermer

Antal traffar

Automated medication dispensing

(automated medication dispensing OR automated medication dispenser OR
automated dispensing OR automated dispenser OR automated dose dispen-
sing OR dispensing robot OR dispensing robots OR pharmacy robot OR phar-
macy robots OR robotic dispensing OR robotic dispenser OR automated drug
dispensing OR automated drug dispenser OR automated drug distribution
OR automated drug administration OR automated medication management
OR automated medication distribution OR automated dispensing device OR
medication dispensing technology OR drug dispensing technology OR med-
ication dispensing technique OR drug dispensing technique OR automated
dispensing cabinets OR automated medication technology OR computerized
medication management OR computerized drug management OR compu-
terized medical administration OR electronic medication management OR
electronic drug management OR electronic medication administration):-
Ti,Ab.

19

(medication dispensing OR medication dispenser OR drug dispensing OR
drug dispenser OR drug distribution OR drug administration OR medical
dispensing OR medicine dispensing OR medication management OR drug
management OR medication administration) AND (automation OR automa-
tic OR automated OR robot OR robotics OR electronic OR computerized OR
"bar coding” OR "“bar code” OR barcode OR "barcode system”):Ti,Ab.

20

(automation OR automatic OR automated OR robot OR robotics OR electro-
nic OR computerized OR "bar coding” OR "bar code” OR barcode OR "bar-
code system”) AND (Medicine OR medical OR drug* OR medication):Ti,Abs.

236

Health economic aspects

(costs OR "cost analysis" OR evaluation OR "cost-benefit analysis" OR

" cost-effectiveness analysis” OR "cost- utility analysis" OR "budget impact
analysis" OR "resource utilisation" OR "resource utilization" OR "resource
use" OR "material burden" OR "healthcare costs" OR "financial impact"):
Ti,ab.

170,776

5.

1.0R2.OR 3.

240

6.

7. AND 8.

82

Limits: 2000-, Engelska

7.

76

Efter dubblettkontroll

57
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Appendix 5

Excluded studies (health economics)

No.

Year

Author | Title

Reason

2019

Berdot S, Blanc C, Chevalier D, et al. Impact of drug stora-
ge systems: a quasi-experimental study with and without an
automated-drug dispensing cabinet. Int J Qual Health Care.
2019;31(3):225-230.

ADC

2019

Berdot S, Korb-Savoldelli V, Jaccoulet E, et al. A centralized au-
tomated-dispensing system in a French teaching hospital: return
on investment and quality improvement. Int J Qual Health Care.
2019;31(3):219-224

Not a full health economic
evaluation

2017

de-Carvalho D, Alvim-Borges JL, Toscano CM. Impact assessment
of an automated drug-dispensing system in a tertiary hospital.
Clinics (Sao Paulo). 2017;72(10):629-636

ADC

2016

McCarthy BC, Jr., Ferker M. Implementation and optimization
of automated dispensing cabinet technology. Am J Health Syst
Pharm. 2016;73(19):1531-6

ADC

2016

O'Neil DP, Miller A, Cronin D, et al. A comparison of automa-
ted dispensing cabinet optimization methods. Am J Health Syst
Pharm. 2016;73(13):975-80

ADC

2016

Roman C, Poole S, Walker C, et al. A 'time and motion' evalua-
tion of automated dispensing machines in the emergency depart-
ment. Australas Emerg Nurs J. 2016;19(2):112-7

Wrong setting

2015

Westbrook JI, Gospodarevskaya E, Li L, et al. Cost-effectiveness
analysis of a hospital electronic medication management system. J
Am Med Inform Assoc. 2015;22(4):784-93

eMAR

2013

Beard RJ, Smith P. Integrated electronic prescribing and robotic
dispensing: a case study. Springerplus. 2013;2:295

Wrong setting

2013

Gray JP, Ludwig B, Temple J, et al. Comparison of a hybrid medi-
cation distribution system to simulated decentralized distribution
models. Am J Health Syst Pharm. 2013;70(15):1322-35

ADC

10

2010

Temple J, Ludwig B. Implementation and evaluation of carousel
dispensing technology in a university medical center pharmacy.
Am J Health Syst Pharm. 2010;67(10):821-9

ADC

1"

2005

Awaya T, Ohtaki K, Yamada T, et al. Automation in drug inventory
management saves personnel time and budget. Yakugaku Zasshi.
2005;125(5):427-32

Inventory management

12

2004

Poley MJ, Bouwmans CA, Hanff LM, et al. Efficiency of different
systems for medication distribution in an academic children's
hospital in The Netherlands. Pharm World Sci. 2004;26(2):83-9

Reorganization

13

2018

Bonnabry P, Francois O. Return on investment: A practical calcu-
lation tool to convince your institution [Article in Press]. European
Journal of Hospital Pharmacy. 2018

ADC
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No.

Year

Author | Title

Reason

14

2018

Portelli G, Canobbio M, Bitonti R, et al. The Impact of an Automa-
ted Dispensing System for Supplying Narcotics in a Surgical Unit:
The Experience of the National Cancer Institute Foundation of
Milan [Article in Press]. Hosp Pharm. 2018.

Wrong setting

15

2008

Franklin BD, O'Grady K, Voncina L, et al. An evaluation of two
automated dispensing machines in UK hospital pharmacy [Article].
Int J Pharm Pract. 2008;16(1):47-53

Not full health economic
evaluation

16

2007

Wu RC, Laporte A, Ungar WJ. Cost-effectiveness of an electronic
medication ordering and administration system in reducing adver-
se drug events [Article]. J Eval Clin Pract. 2007;13(3):440-448

CPOE

17

2006

Dib JG, Abdulmohsin SA, Farouki MU, et al. Effects of an automa-
ted drug dispensing system on medication adverse event occur-
rences and cost containment at SAMSO [Article]. Hosp Pharm.
2006;41(12):1180-1184

ADC

18

2005

Fitzpatrick R, Cooke P, Southall C, et al. Evaluation of an automa-
ted dispensing system in a hospital pharmacy dispensary [Article].
Pharm J. 2005;274(7354):763-765

Not full health economic
evaluation

19

2003

Klibanov OM, Eckel SF. Effects of automated dispensing on inven-
tory control, billing, workload, and potential for medication errors
[Article]. Am J Health Syst Pharm. 2003;60(6):569-572

ADC

20

2016

Bourcier E, Madelaine S, Archer V, et al. Implementation of auto-
mated dispensing cabinets for management of medical devices in
an intensive care unit: organisational and financial impact [Artic-

le]. European Journal of Hospital Pharmacy-Science and Practice.

2016;23(2):86-90.

ADC

21

2016

Schoenhaus R, Lustig A, Rivas S, et al. Using an Electronic Medica-
tion Refill System to Improve Provider Productivity in an Accoun-
table Care Setting [Article]. Journal of Managed Care & Specialty
Pharmacy. 2016;22(3):204-208.

Wrong setting

22

2015

Chapuis C, Bedouch P, Detavernier M, et al. Automated drug
dispensing systems in the intensive care unit: a financial analysis
[Article]. Critical Care. 2015;19:5

ADC

23

2007

Mahoney CD, Berard-Collins CM, Coleman R, et al. Effects of
an integrated clinical information system on medication safe-
ty in a multi-hospital setting [Article]. Am J Health Syst Pharm.
2007;64(18):1969-1977

CPOE

24

2007

Ampt A, Westbrook JI. Measuring Nurses' Time in Medication
Related Tasks Prior to the Implementation of an Electronic Medi-
cation Management System. In: Westbrook JI, Coiera EW, Callen
JL, et al., editors. Information Technology in Health Care 2007.
Studies in Health Technology and Informatics. Vol. 130. Amster-
dam: los Press; 2007. p. 157-167

eMAR

Abbreviations: ADC — automated dispensing cabinet; eMAR — electronic medication administration record;
CPOE - Computerized physician order entry
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Appendix 6

Included studies (health economics)

acute medical
unit

room at the ward

Author | Country I @ . . Time . Curren.cy Effectiveness .
. economic | Perspective . Intervention Comparator Reporting year Discount rate
Year and setting . horizon measure
evaluation
Risor et al. | Denmark Model-based | Healthcare / 6 months | Automated Medicines delivered | Euro (€) Medication administra- | Not applicable due to time
2017 CEA hospital Medication System in original Year not explicitly | tion errors with proce- | horizon of less than a year
Two hospital AMS! packaging and stated but sources | dural and clinical error
haematology dispensed by nurses | indicate 2013 sub-classifications Capital costs annuitized with
wards in the medication an interest rate 5% over
room at the ward 17 years
Risor et al. | Denmark Model-based | Healthcare / 6 months | 3 automated Medicines delivered | Euro (€) Number of errors in Not applicable due to time
2018 CEA hospital systems: in original converted from medication administra- | horizon of less than a year
One psAMS, packaging and Danish kronor (€ 1 | tion with procedural
haematology cAMS, dispensed by nurses | = DKK 7.45) and clinical error Capital costs annuitized with
ward and one NpsAMS in the medication 2016 sub-classifications an interest rate 5% over

17 years

Abbreviations: AMS, Automated medication system; cAMS, Complex automated medication system; CEA, Cost-effectiveness analysis; ICER, Incremental cost-effectiveness ratio;
PDA, Personal digital assistant; psAMS, Patient-specific automated medicated system; npsAMS, Non-patient-specific automated medication system; PSA, Probabilistic sensitivity

analysis

Note: AMS Automated Medication System components: 1) A pharmacist-performed technical control of prescriptions, 2) automated unit dose dispensing of medication
packed for individual patients delivered every 24 hours, 3) barcode medication administration with bedside barcode scanning using a personal digital assistant (PDA)

psAMS Patient-specific Automated Medicated System components: 1) Pharmacist-performed technical control of prescriptions, 2) Automated unit dose dispensing of
medication packed for individual patients delivered every 24 hours, 3) Barcode medication administration with bedside barcode scanning using a personal digital assistant (PDA)
cAMS Complex automated medication system components: 1) Pharmacist-performed technical control of prescriptions, 2) Automated unit dose dispensing of tablets
packaged (not patient specific), 3) Automated dispensing cabinet, 4) Barcode medication administration system with bedside barcode scanning using a personal digital assistant

(PDA)

npsAMS Non-patient-specific automated medication system components: 1) Automated unit dose dispensing of medication packed for individual patients delivered every 24
hours, 2) Barcode medication administration with bedside barcode scanning using a personal digital assistant (PDA)
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Appendix 7 Costs and resource utilization
Sl | G . LB Unit costs Cost data sources Inf.latlon Resource utilization
Year categories approach adjustment
Risor et | Handling; waste; | Microlevel | Nurse hourly labour Staff costs: hospital personnel system N/A Conventional medicine delivery
al. 2017 | pharmaceutical | costing cost: €24.12 Unit dose bag costs and handling time costs: Administered doses: 47152
services; personal Pharmaceutical staff hospital pharmacy staff Handling time per administered
digital assistant; hourly labour cost: Pharmaceutical service and waste costs (period medicine dose: 0.84 min
dose bags; €42.25 14 days): hospital pharmacy staff Number of wasted tablets: 2147
personnel and Cost per wasted PDA purchase costs: Source not given Pharmaceutical service hours: 104
facility; tablet: €0.15 PDA connectivity costs: haematology
intervention Purchase price per department Automated medication system AMS
planning and dose bag: €0.06 AD purchase cost & integration with eMAR: Administered doses: 47152
implementation Unit dose bag cost: Source not given Handling time per administered
€0.58 Facility cost: National estimate of cost per sq medicine dose: 0.33 min
meter for new hospital construction Number of wasted tablets: 1723
Handling time cost: Source hospital pharmacy Number of wasted dose bags: 1224
(calculated)
Pharmaceutical service hours: 198
Dose bags: 32778
Risoret | Handling, waste, | Microlevel | Hourly nurse labour Staff costs: hospital personnel system N/A Administered doses: 30000
al. 2018 | pharmaceutical | costing cost: €24.12 Unit dose bag costs and handling time costs: Number of PDAs: 10
services, dose Hourly hospital pharmacy staff Wasted tablets: 1 500

bags, PDA, ADC

pharmaceutical staff
labour cost: €42.25
Hourly service staff
labour cost
(unpacking psAMS):
€20.74

Cost per wasted
tablet: €0.42
6-month connectivity
cost per PDA: €75.33
Purchase price per
dose bag: €0.06
Dose bag cost: €0.58
6-month cost of the
ADC: €67,571

Pharmaceutical service and waste costs (period
14 days): hospital pharmacy staff

PDA purchase costs: Source not given

PDA connectivity costs: Respective clinical
department

Facility cost: National estimate of cost per
square.meter for new hospital construction
Handling time cost: Source hospital pharmacy

Wasted dose bags: 150
Pharmacy service (hours): 96

Additional pharmacy service by system
(hours)

pSAMS: 90 npsAMS: 39 cAMS: 257
Unpacking time (hours) psAMS: 72

Mean handling time per administered
dose at baseline (min): 0.82

Difference in handling time (min) at fol-

low-up by system implemented:

PSAMS -0.34 npsAMS -0.25 cAMS 0.49
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Appendix 8 Effectiveness parameters from selected
health economic studies
Average baseline .
Author Proportion of errors at

proportion of type

Odds ratio (OR)

Procedural errors 0.10
Clinical errors 0.04
npsAMS

Administration errors 0.14
Procedural errors 0.10
Clinical errors 0.04

cAMS

Administration errors 0.14
Procedural errors 0.10
Clinical errors 0.04

(95%CI 0.06-0.18)
Procedural errors 0.18
(95% Cl1 0.09-0.35)
Clinical errors 0.24

(95% C10.07-0.83)
npsAMS

Administration errors 0.70
(95% C10.39-1.27)
Procedural errors 0.86
(95% C10.41-1.80)
Clinical errors 0.37

(95% C10.15-0.93)
cAMS

Administration errors 0.47
(95% Cl1 0.25-0.90)
Procedural errors 0.41
(95% C10.19-0.88)
Clinical errors 0.75

(95% C10.29-1.94)

ML of error to total il
Risor et al. | Administrative errors Administration errors AMS
2017 0,2 OR 0.11 (95% 0.06-0.18) Administration errors
Procedural errors Procedural errors 0.022 (95% C1 0.012-0.036)
0,15 OR 0.18 (0.09-0.35) Procedural errors
Clinical errors Clinical errors 0.027 (95% CI1 0.013-0.052)
0,02 OR 0.24 (0.07-0.83) Clinical errors
0.006 (95% C1 0.002-0.020)
Risor et al. | psAMS psAMS psAMS
2018 Administration errors 0.14 Administration errors 0.11 Administration errors 0.015

Procedural errors 0.017
Clinical errors 0.008
npsAMS

Administration errors 0.098
Procedural errors 0.084
Clinical errors 0.013

cAMS

Administration errors 0.066
Procedural errors 0.040
Clinical errors 0.027
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Appendix 9

Health economic studies — results

Author Year

Main economic results

Main effectiveness results

Incremental cost-effectiveness

Risor et al. 2017

Conventional medicine delivery

Total costs: € 20,645

Handling costs: € 15,923

Waste costs: € 331

Costs of pharmaceutical services: € 4,391

Automated medication system AMS
Total costs: € 37,488

Handling costs nurses: € 6,256

Handling costs unpacking: € 1,867
Waste - tablets: € 266

Waste - dose bags: € 710

Costs of pharmaceutical services: € 8,366
Costs PDA: € 898

Costs dose bags: € 19127

Intervention planning, development and
implementation costs: € 31,789

Conventional medicine
delivery

Administration errors: 9,412
Procedural errors: 7,056
Clinical errors: 1,144

Automated medication system
Administration errors: 1,035
Procedural errors: 1,270

Clinical errors: 274

Incremental errors avoided
Administration: 8,377
Procedural errors: 5,786
Clinical errors: 869

Incremental cost-effectiveness ratio (ICER) per type of

avoided error

Administration error: € 2.01 (95% Cl € 1.9- € 2.18)
Procedural error: € 2.91 (95% Cl € 2.62 - € 3.67)
Clinical error: € 19.38 (95% Cl € 15.83 - € 86.63)

Risor et al. 2018

Conventional medicine delivery
Total costs: € 14,200

psAMS

Total costs: € 33,677

npsAMS

Total costs: € 31,331

cAMS

Total costs: € 116,853

Conventional medicine delivery
Administration errors: 4,203
Procedural errors: 2,927

Clinical errors: 1,064

psAMS

Administration errors: 462
Procedural errors: 515
Clinical errors: 252

npsAMS

Administration errors: 2,942
Procedural errors: 2,517
Clinical errors: 394

cAMS

Administration errors: 1,975
Procedural errors: 1,200
Clinical errors: 798

Incremental cost-effectiveness ratio (ICER) per type of

avoided error and intervention

psAMS

Administration error: € 5.21
Procedural error: € 8.07
Clinical error: € 23.98
npsAMS

Administration error: € 13.59
Procedural error: € 41.80
Clinical error: € 25.55

cAMS

Administration error: € 46.08
Procedural error: € 59.44
Clinical error: € 385.75
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Appendix 10 Sensitivity analysis results

Incremental cost per type of error avoided:

-Administration error: € 1.9 - € 2.94

-Procedural error: € 2.62 - € 4.26

-Clinical error: € 15.83 - € 28.35

Scenario analysis: Excluding savings in handling costs
Incremental cost per avoided:

-Administration error: € 2.79 - € 3.19

-Procedural error: € 3.84 - € 5.37

-Clinical error: € 23.17 - € 126.75

No probabilistic sensitivity analysis (PSA)

¢:at:‘ or Sensitivity analysis Key cost-effectiveness drivers
Risor et al. | Yes - assessment of impact of handling costs on AMS cost-effectiveness Not explicitly discussed
2017

Fortsattning

pa nasta sida.
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¢:::\or Sensitivity analysis Key cost-effectiveness drivers
Risor et al. | Yes - scenario analysis for utilization of 15000 and 45000 doses (1), probabilistic sensitivity analysis (PSA) (2), PSA | Simulations reportedly
2018 with exclusion of investment cost for ADC in cAMS (3) conducted for proportion of
1. ICER per avoided error and intervention 15000 doses (45000 doses) errors, handling time, waste costs
pSAMS

Administration error: € 6.6 (€4.75)

Procedural error: € 10.23 (€7.37)

Clinical error: € 30.39 (€21.89)

npsAMS

Administration error: € 15.31 (€13.01)

Procedural error: € 47.12 (€40.03)

Clinical error: € 28.80 (€24.46)

cAMS

Administration error: € 81.54 (€34.26)

Procedural error: € 105.17 (€44.19)

Clinical error: € 682.56 (€286.82)

2. Probability of cost-effectiveness by error type, intervention and threshold value per avoided error
Administration and procedural errors

psSAMS 100% cost-effective for threshold value of €24

npsAMS more cost-effective than cAMS for threshold values of € 50
cAMS more cost-effective than npsAMS for threshold values of € 100
Clinical errors

psSAMS 100% cost-effective for threshold > € 24

npsAMS 100% cost-effective for threshold > € 26

cAMS 30% cost-effective for threshold €150

3. Probability of cost-effectiveness by error type, intervention and threshold value per avoided error
pPsSAMS 100% cost effective for threshold value of €24
Administration and procedural errors

cAMS more cost-effective than npsAMS for threshold values of € 25
npsAMS more cost-effective than cAMS for clinical errors
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Appendix 11 Quality assessment of included health economic studies

Risor et al. 2017

Risor et al. 2018

Assessment of the transferability of the study’s economic results (Section 2):

Assessment of the study quality with respect to economic aspects (Sections 3 and 4)

Assessment of the study quality with respect to the effects and side-effects of the intervention (assessed by project experts):

High @ Medium Low @ Insufficient

1. Study relevance (PICO) in relation to the project research questions

Risor et al. 2017

Risor et al. 2018

a) Is the study population relevant?

)
b) Is the intervention relevant?

) Is the comparator relevant?

d) Is the outcome measure relevant?

2. Transferability of the study’s economic results

a) Are both costs and effects studied (or are the effects assumed to be equal)?

b) Is the intervention implemented in a sector or by an organisation (e.g. hospital care or a local social service office) that is
relevant to the current Swedish context?

) Are the unit costs used in the study relevant to the current Swedish context?

d) Do the extent and type of care or intervention delivered to study participants correspond to what patients/users receive in
the current Swedish context?

e) Does the study have a societal perspective?

3. Potential conflicts of interest

a) Is there a low risk that the conflicts of interest declared by the authors may have influenced the study results?

b) Is there a low risk that a sponsor with an economic interest in the outcome may have influenced the study results?

) Is there a low risk of conflict of interest from other sources (e.g. the authors have developed the intervention)?




Region Orebro lan Centraliserat automatiserat dispenseringssystem for patienter inlagda pa sjukhus 60

4. Quality of the economic analysis

4.1 Choice of analysis

a) Is the type of economic analysis justified in relation to the research questions?

4.2 Model structure

Is the model structure appropriate for the specific research question and the specific health condition?

a)
b)

Is the model structure, including the underlying assumptions, transparent?

) Is the external validity of the model explored?

d) Is the time horizon sufficient to reflect all important differences in costs and effects?

)
e) Markov models: Is the model cycle length motivated by the research question?

4.3 Costs and effects

Have all relevant outcomes been identified (including side-effects)?

a)
b)

Is the data on treatment effects taken from the best possible sources?

) Is the difference in treatment effects, which determines the model outcomes, statistically significant?

d) Are appropriate methods used to extrapolate treatment effects over the chosen time horizon?
e) Has the study considered compliance?

f) Are the quality-of-life weights from the best possible sources?

g) Given the perspective of the analysis, have all relevant costs been identified (including those due to side-effects)?

4.4 Interpretation of results

a) Was an incremental analysis of both costs and outcomes conducted (or is it possible to calculate)?

b) Are appropriate statistical methods used?

) Are the conclusions consistent with the reported results?

i) Are the unit costs taken from the best possible sources?

4.5 Sensitivity analysis

a) Are all important variables explored in sensitivity analyses?

b) Is the uncertainty in the result explored using probabilistic sensitivity analysis?

) Is the result insensitive to changes in examined variables?

4.6 Discounting (for studies with a time horizon exceeding 1 year)

a) Are costs discounted appropriately?

b) Are outcomes discounted appropriately?

il
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