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Thesis Abstract

Despite the increased focus on medication safety in the last two decades, it is
difficult to know if anticipated improvements are occurring as medication safety is
not routinely measured in healthcare settings. To address this issue within the UK
National Health Service (NHS), the Medication Safety Thermometer (MedsST)
was developed in 2013wiihe aim of enabling organisations to collect routine

data to monitor medication safety and related improvement over time. Guidance
about use of the MedsST was developed, but a knowledge gap existed about how
it had been implemented into practice, usewtotor medication safety and to
facilitate improvements. This programme of research aimed to examine these
issues by conducting four related studies.

The initial part of the programme of research explored how the MedsST has been
designed, developed amghlemented nationally. Study One investigated the
design, development and national implementation of the MedsST and found that
measuring harm from medication errors is complex and requires several steps to
measure individual errors, triggers of harmaudl darm. Improvement science
methods, particularly Pi@xo-StudyAct cycles, were found to be useful for
developing complex systems. Study Two was a qualitative study that explored how
the MedsST had been implemented within individual organisatisrssudyi

found that all staff involved with the MedsST understood what the tool was and
why measurement was vitalffanilitating improvements in medication safety.
However, less understanding existed about how MedsST data could be used for
improvement. Seral issues with the MedsST implementation were also
highlighted such as it being unsuitable for use in primary care settings.

The second part of the programme of research investigated how MedsST data
were used or could be used for learning about ara/ingpmedication safety.

Study Three was a qualitative study that used quantitative MedsST data to find out
how data had been used for improving medication safety in hospitals. The study
found that only a small amount of data had been used for improwerdehtt

this was often at walevel. Although some improvement had occurred,
communication about improvements was poor and most data remained not
viewed and unused. Study Four was quantitative and used nationally aggregated
MedsST datto determine thprevalence, nature and predictors of patients
experiencing medication administration omissions in hospitals, as an exemplar of
how MedsST data could led to learn about medication safety iS$wess

found that30% of patients experienced omissi@b%(confidence interval [CI]

29-30) (excluding valid clinical reasons). The rates found were similar to that of
previous research, reiterating that omissions are a substantial problem.

The research presented in this thesis demonstrated that there baddessnn

the implementation of the MedsST for data collection, but limited success in terms
of using collected data for learning and improvement purposes. In order for more
improvements in medication safety to occur, more work needs to be done within
the NHS to successfully implement a system of data collection, review and use of
MedsST data as a holistic system. This thesis has provided specific
recommendations to increase engagement with this holistic system, and for
healthcare organisations and rebess to benefit from collected MedsST data

with the aim of improving medication safety.
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Rationale for Submitting in the Alternative Thesis Format

The alternative thesis format has been used as the structure for thisighesis.
background, methods and discussion chapters of the alternative format is
similar to that of standard format theses. However, in the alternative format,
empirical work is organised as stnde papers in a format similar to a
manuscript submitted fpublication. This format was chosen based on the

aim of this programme of research, which was to explore how the MedsST has
been designed, developed and used and to inform and help improvements in
medication safety practice. Findings from each studgdiit& design of the
subsequent studies. The construction of this programme of research, therefore,
allowed individual papers to be written and submitted to suitable journals. The
alternative format thesis was chosen as a method to disseminate fitiings to
wide range of healthcare staff using the MedsST to ensure best use. The
alternative format also assisted the author in acquiring the skills and experience

required for publishing journal articles.
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Introduction to the Research Stugks and Thesis Structure

This thesis comprises a series of research studies related to a programme of

research evaluating the NHS Medication Safety Thermometer (MedsST), a tool

that was developed to assist healthcare organisations to measure medication

sd ety, by providing a O0temperature checkE¢
improvement over time. To date, the MedsST has been used by over 100

organisations to collect data about patients but evaluating the use of the

MedsST is not just about reviewing cdbtbdata. It is about understanding

what the MedsST is and how its data can be used for-paiead

improvement of healthcare. This requires focus on the social and cultural

factors affecting the implementation and use of the tool.

Each of the studs included in this thesis aims to add to the current
understanding of patient safety measurement tools in the context of
medication safety and to suggest ways of improving engagement with the
MedsST.

As the thesis is presented in the alternative fahmathapters presenting the
empirical studies of this programme of research have been written and
presented as journal articles (ChaptesNBne). As these studies have

already been published or submitted to journals, formatting and layout of each
of the study chapters are consistent with the published paper or target journal
guidelines. Furthermore, references and appendices that were published or
submitted with the article are placed at the end of each of these chapters rather
than at the end of thtkesis. This has been clearly indicated at the start of each

chapter with the most #p-date submission status.

16



Brief Overview of Thesis Sections

Section One
Section One comprises three chapters that provide an introduction and

background to this progmme of research. Chapter One provides a brief
introduction to and description of this programme of research. Chapter Two
provides the necessary background information about medication safety.
Chapter Three provides the necessary background about Ingotovem

Science, the Safety Thermometers, and a detailed description of the MedsST.
The summary of Section One outlines the current gaps in knowledge that this

programme seeks to address.

Section Two
Section Two comprises two chapters about the aims antivelsj of this

programme of research and the methodology that has been used to achieve
them. Chapter Four states the aim and objectives that this programme of work
seeks to address. Chapter Five provides a rationale for the overall approach
taken for thigprogramme of research and a description of the methods

employed in each study. The underpinning theoretical framework,
methodological issues and ethical considerations in this programme of research

are also presented and discussed.

Section Three
SectionThree comprises two empirical studies presented in journal article

formats. These studies investigated how the MedsST has been designed,
developed and implemented nationally, and locally within organisations.
Chapter Six presents Study One, which invalwedrative literature review of

the design, development and implementation of the MedsST. Chapter Seven
presents Study Two, which was a qualitative interview study exploring how the
MedsST has been implemented across English healthcare settings using

implementation theory.

17



Section Four
Section Four comprises two further empirical studies presented in journal

article formats. These studies investigated how the data collected by the
MedsST can be used to improve medication safety. This included lvaw data
be used at local levels within individual hospitals (Chapter Eight) and how
nationally aggregated data can be used to investigate medication omissions
(Chapter Nine).

Chapter Eight presents Study Three, which used amexaolds approach to
explore low the MedsST has been used locally to aid improvement within
Greater Manchester, where it was originally designed and has been used for the

longest period of time.

Chapter Nine presents Study Four, which was a retrospecticenirdti

study exploringhe prevalence, nature and risk factors for medication
administration omissions in hospital inpatients by using MedsST. This study
demonstrated how MedsST data can be aggregated and used at national levels

and used omissions data as an exemplar MedsSiiemeasu

Section Five
Section Five, consists of Chapter Ten, which draws the programme of research

to a conclusion. It summarises the key findings from each study in this
programme of research, outlines the key strengths and limitations, and
discusses the comiution of findings to the existing literature. This chapter
also outlines the implication of the findings for policy and practice and

suggests areas for further research.
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Chapter One:

Introduction

1.1 Introduction
The UK NHS was launched on July 848. It aims to provide a

comprehensive hidacare service to all citizens in the UK and is funded by
public taxes. Its main principles include ensuring the highest standards of
excellence and putting patients at the heart of everything it does, and therefore

it is held accountable to the publattih serveés).

In the last two decades, there has been an increased focus on patient safety

within the NHS, since the publication of reports both in the UK and globally

highlighting that approximately one in ten patients are harmed by h€althcare

8These reports, s ©Onthedls Ingtifliteof Er r i s Human
Medicine (1l oM) and 06A@O)Wthgdkni sati on with
Department of Health (DoH), led to an increased focus on patient safety both

within the UK NHS and internationally. Bothoss highlighted that adverse

events had occurred frequently in healtl{fadel )|and that many events were

preventabl¢l2, 13)

Much publicised clinical care failures in NHS healthcare settings have further

increased focus on patient safety. Inqodatti, the failures at M&taffordshire

NHS Foundation Trust between 2005 and 2008ed to the Government

commissioning a subsequent public inquiry, the results of which were
published in 0The Francis Reportdé. The i
cost £13 million and resulted in 290 recommendations to improve patient

safety across the health ser{dég

One of the problematic areas highlighted by Francis was medication safety.
For example the omissions of medication at scheduled timesnidteation

was found to be an issue at{8tdffordshire NHS Foundation Tr(5) It

is thought that 15% of harms to patients are associated with merhtaigon
incidentg8)and that they are the single largest source of repetitive healthcare

error(16)
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In order to reduce harm from medication, the World Health Organization

(WHO) has made the improvement of medi cal
Pati ent Sa {1é) Within@is ahbllenge \¢/ldGhave invited health

ministers to initiate nahal plans addressing four domains of medication

safety (explained in more detail below):

1) Engaging patients and the public.
2) Medication as products.
3) Education, training and monitoring of he@line professionals.

4) Systems and practices of naidic management.

Globally, a number of initiatives have been developed to improve the four

domains highlighted above, examples of which have been provided in Chapter

2 (see Section 2.2, Table 1.0). However, even prior to the Global Patient Safety

Challege the need for initiatives to improve medication safety was highlighted

in the aforementioned patient safety reports by the DoH andaQl@) The

DoH report, which was specifically about
where the NHS could draw valuable lessons from the experience of other

sectors to reduce the rate of preventabl
was safety culture, wheggen reporting and balanced analysis are encouraged,

which can have a positive and quantipabl
management of preventable hafb@3 The second area was reporting

systems, which were considered vital in providing soundemnéires

information on which to base analysis and recommen(Eljons

Within the NHS, initiatives to better address the problem of patient safety

have been introduced prior to the Global Patient Safety Challenge. For

example, the National Reporting Badrning System (NRLS), was established

in 2003 by the National Patient Safety Agency (NPSA) to help monitor patient

safety incidents, including medicatalated incidents, within NHS

organisations in Englandand WEl8 T he NRL S i etahdhe wor | dods
most comprehensive patient safety incident reporting system and receives over

two million reports each y€ap, 20)The NRLS is a system that helps
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organisations to link their internal reporting systems to a wider national system

by monitoring daty incidents.

Voluntary reporting systems, such as the NRLS, that assist with monitoring

and learning from medication safety events are vital for improving medication
safety and use of them is in line with the fourth domain of the WHO Global

Patient Saty Challenge, listed above: Systems and Practices of medication
management. Such systems, have allowed research and healthcare organisations
to learn a great deal about medication harm. However, voluntary reports do

not allow us to measure medicatioatgatnd monitor associated

improvement. It has been difficult to ascertain if medication safety initiatives

have led to improvements, as medication safety has not traditionally been

routinely measurdgdl, 22)

In addition to voluntary reporting, to hedpnitor systems related to

medication safety, measurement tools are vital to help organisations to know
whether medication safety improvement is occy22ydgveasurement of
medication safety will allow those introducing initiatives, related to all four

domains, know whether improvements have occurred.

Following the introduction of the NRLS, a further improvement initiative was
introduced within the NHS in 2012 by a large faisktiplinary collaborative.

Based on the original Safety Thermometer (&I péxtion 3.4.1) they

developed a tool called the Medication Safety Thermometer (MedsST) as part
of a wider group of ST83) The STs are a group of quality improvement

tools developed using improvement science to measure different areas of
patient safgt(see Section 3.4.3).

The focus of the programme of work presented in this PhD thesis is to

evaluate the MedsST. As with any quality improvement initiative that is
introduced to healthcare, it is vital to evaluate the use of this tool. Evaluation
helpsto assess whether healthcare staff are engaging with the MedsST, to learn
how it may be improved to ensure the most effective use and to help other

settings translate how improvements can occur.
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Chapter Two:

Background on Medication Safety

2.1 Patientsafety
WHO has defined patient safety as ofreed:

harm or potenti al h a (24) Despite affarts tat ed wi t h h
ensure this, approximately 10% of patients are harmed whilst in hédJthcare
25, 26)

As mentioed in Chapter One, a number of patient safety reports have led to
increased focus on patient safety both in the UK and internafibha®ly,

28) These reports highlighted that many adverse events that occur in hospitals
are preventabld2, 13) A recent systematic review of preventable patient

harm across healthcare settings found that 6% of patients experience
preventable harm and 13% of this preventable harm leads to permanent
disability or patient deat?o)

Furthermore, many healthcare syd$édinres are often repeated, and more

emphasis is required on learning from these events to prevent reoccurrence.

Following the largscale failures at the Mid Staffordshire NHS Foundation

Trust mentioned in Chapter Ofiel) Professor Donald Berwick (agened

international expert in patient safety) was commissioned to write a report to

aid |learning within the NHS.daHi s report
Commi t me n30)ard placédgted emphasis on organisational culture

and rgective, learning environments, recommending that the NHS should

make patient saf e(3Q)Thesrebommendatonisone pri or i |
appropriate, considering the morbidity and mortality that could be prevented

and the resources that could be séBd

In his report, Berwick highlighted that improvement requires a system of
support, and that the capability to measure and continually improve the quality
of patient care needs to be taught and learned or improvement of safety will
not occur(30) Spedically, tools are required within healthcare systems to

allow measurement of baselines and related improvement in different areas of
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safety. The measurement of patient safety allows concerns to be identified and

0 al ar meefore potemtial prapblénoscur and lead to largeale failures,

as they did in Mi&taffordshire. At the time of the report, Berwick stated that

OMost health care organisations at preseil
learn from safety and quality infGrati. gap i s co3) |y, and sht

Since then, a number of initiatives to improve healthcare have been developed

and introduced within healthcare settings to encaurgqgea | i ty i mpr ovemen
Quality improvement describes the combined effbhsalthcare

professionals, patients and their families, researchers, payers, planners and

educators to make the changes that will lead to better patient outcomes, better

system performance and better professional develd@2ektany quality

improvemat initiatives have usédi mp r o v €3@)anremerging corcept e 0

that focuses on exploring how to undertake quality improvement well. A

number of terms have been used to refer to improvement science concepts,

including the science of improvemenplé@mentation science, translational

research, quality improvement science, science of quality improvement,

measurement for improvement and quality improvement mé8yds

Marshall et a{34) have previously proposed that the lack of a single

definitionfor improvement science may be because it has been in a state

previously described as éheparadigm phase of the emergence of a new

di s¢3b)pl Noredt hel ess, Ol mprovement Sciencedc
and is used by the UK Health Foundaf8®)and therefore will be used in

this programme of work.

2.2  Medication Safety
Improving medication safety is an important aspect of patient safety.

Medication errors (MEs) have been found to be the largest cause of
preventable patient ha{By 9)andarel e f i ned as Oany preventahb
may cause or lead to inappropriate medication use or patient harm while the

medication is in the control of the health care professional, patient, or

c 0 n s u(deln the@JK, around 5% of hospital admissions hage b

related to preventable dmejated morbidity and preventable harm from

medicine$37)
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A recent report by Elli@t alestimated that approximately 237 million MEs

occur in the NHS every year and that almost one in four is likely to result in
harmto patientg38) Elliottetalf ound t hat &édefinitelyo
reactions (ADRs) are estimated to cause 712 deaths per year, contribute to
1,708 deaths and cost a minimum of £98.5 million every year to tf@8BNHS

The aforementioned §tics concerned both primary and secondary care

NHS settings. However, the MedsST tool that this programme of work is
assessing has predominantly been used in secondary care settings. In secondary
care specifically, ADRs are estimated to cost apprdyiizte3 million,

cause 85 deaths and contribute to 1,081 deaths af@®)ally

The remainder of this chapter will specifically focus on secondary care settings.
However, the report by Ellicgt alhighlighted that there is a lack of data from
hospitad to monitor MEs. In the report, data from the various UK studies

were extrapolated against NHS England Statistics about bed availability and
occupancy38)to generate information about ME rates in the NHS hospitals,

which may have led to underestima3&)

Monitoring medication safety is an important aspect of improving medication
safety overall. As mentioned in Chapter One, WHO have identified four
domains of medication safety in which using medications can cause avoidable
harm(17, 39)Any initiatves introduced to tackle these four domains need

some aspect of monitoring, to assist organisations to evaluate whether

improvement is occurring.
Table 1.0 presents the four domains of the WHO global patient safety

challenge. The table also provideseriggion of each domain and examples

of initiatives introduced within the UK NHS to tackle the four domains.
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Table 1.0: The Four domains of the
Patient Safety Challenge: Medication Without Harn§39)
Domain Descripton Example initiatives
1) Patients and | Engaging patients andtheputk The 6 Shared | nv
the Public. with the medicines use proces Medication Management Educatio
and empowering themtoplay|pr oj ect 6 was a |
their part in making the proceg developed to promote shared
safer. This contrasts with the | decisioamaking in medication
passive role patients have manageme(#0)
traditionally takenlven
decisions are made about thei
medicineg17, 39)
2) Medicines Perceiving medies as Initiatives aimed to reduce errors (¢

medicinal products. Medicines
can often be complex and
puzzling in their names, or
packaging and sometimes lacl
sufficient or clear information.
Conf usialkg, 01 o0¢
soundal i ked mg
and/or labelling and packaging
are frequent sourcekesror and
medicatiorrelated harnil7, 39)

to unclear medicine labels, for
example, using Tall Man lettering 1
help reduce loclllike medication
errors(41)

3) Healthcare
Professionals

Educating, training and
monitoring of healtfcare
professionals, as treymetimes
prescribe and administer
medicines in ways and
circumstances that increase th
risk of harm to patien{d7, 39)

The recently developed WHO

Pharmacovigilance Core Curriculu
that has been designed aevelope
for University Teaching of multi
disciplinary healthcare studdA®)

4) Systems and
Practices of
Medication
Management

Systems arpractices of
medication management are
complex and often
dysfunctional. If these systemg
and practices aresivdesigned,
they can be made more resilie
to risk and harnfiL7, 39)

The Medication Safety Thermome
developed to be used as part of

routine practice in organisations ta
monitor measures related to
medication safety over tirflg

The domains areohmutually exclusive, and initiatives may target more than

one domain. For example, the Shared Involvement in Medication Management

Education project (mentioned in Table 1.0) increased the engagement of

patients and carers with medication managementi(i3ocdrae and Four) by

educating them about shadetision making. This included educating them

about specific drugs and side effects (Domain Two), the project also involved
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training healthcare professionals about shared decaiorg (Domain

Three)40) All of the domains are interlinked and initiatives under any domain
have the common goal of improving medication safety. However, in order to
know if any of these initiatives are having an impact on medication safety,
initiatives to assist measurementnaonitoring of medication safety are

required as part of routine practice (Domain Four).

In order to measure medication safety, standardised definitions and
classification system for MEs are required. As mentioned previously, the rate
of MEs is greatlynderestimated and this is partly due to varying definitions
and classification systef88, 43) Some commonly used definitions and

classification systems are described and discussed in the following section.

2.2.1 Definitions and Classification Systéses for Medication Errors

Estimating the prevalence of MEs is difficult due to the varying definitions and
classification systems employed. Rates can vary depending on the denominator
used (e.g. patient, prescription or a specific medi@&gjon)

The dorementioned report by Ellicgt alidentified definitions of ME and
classification systems that have been used in UK studies. Some definitions may
not be relevant to this programme of work. Howeveimpisrtant to

acknowledge their existence, lebkterogeneity, and then determine which

might be the most appropriate to adopt for each given cdrtiextesearch is

more concerned with errors that occur with medicines under the direct control
of healthcare professionals, particularly in hosgitalgs as mentioned

previously. Therefore, definitions used for ME and severity ratings from

studies conducted in secondary care have been focussed on. Table 2.0
summarises some key definitions of MEs as summarised by Ellj@8¢tral.
Elliotetab s report, intervention studies were
additional commonly used definitions from intervention studies have been
added to Table 2.0 as they were relevant to this programme of work. The
definitions in Table 2.0 cover all stages in tdecat®n use process. MEs can

occur at various stages of the medication use process, resulting in many types
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of ME (44) The most common MEs are prescribing errors, dispensing errors

and administration erroi5)
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Table 2.0: Definitions of Medication Erras and Severity in Studies Undertaken in NHS Secondary Care. Adapted from Eligtal. (38)

Medication Study Definition of Error Error Severity Definition
Error Group
General Covvey | Prescribing, administration and monigerrors associated with antimicrobig Incident severity: Negligible, Minor,
Medication et al(46) Moderate, Major, Severe.
Errors
Cottney |A dose administered differentl y tf Severity of error was categorized
and chart. An opportunity feerror was defined as a dose that was either obsery according to a previously reported
Innes being given or omittgd8) systen{49) Minor clinical severity,
47 negligible clinical severity, potential
serious clinical consemeces,
potentially life threatening.
Ghaleb | Administration erfidre administration of a dose of medication that deviates| Study authors report that the sever
et al(50) | the prescription, as written on the patient medication chart, or from standg of these medication errors remains
hospital policy and procedures sTihcludes errors in the preparation and be explored.
administration of intravenous medicines on the ward.
Administration
Errors
Hawet |[A deviation from a prtersec rhiolseri @ sa |\ Medication administration errors
al.(49) | relation to drug administration, including failure to correctly record the categorised as follofwg) Grade 1:

administration of a medicati@8, 51)

errors or omissions of doubtful or
negligiblemportance. Grade 2: erro
or omissions likely to result in mino
adverse effects or worsening
condition. Grade 3: errors or
omissions likely to result in serious
effects or relapse. Grade 4: errors (
omissions likely to result in fatality.
Grade X: urateable.
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Kellyet | Using the British National Formul&sy) British Association of Parenteral Severity not assessed.
al.(53) | Nutrition guideline¢5)a nd Whi t e and Bradnamos
appropriateness of administration was evaluated. The results were then
categorised s i n g (5B)adapted American Society of Hospital Pharmag
(ASHP) classificatiqg7) Ti me error s, and 0ot f
classification to give anfidint classification system. Severity not assessed
Morton and Errer&8) Eight cgegories of serious clinical incidents were
identified in advance by an expert panel including drug error (not defined
Jameet | UK Dispensing Error Analysis Schemaa established system for reporting | Severity not assessed.
al.(59) | standardised dispensing error data, classified in accordance with the UK
Patient Safety Agency guidance to ensure consistency with the UK Natior
Dispensing Reporting and Learning Sys({@&®62)
Errors James el Deviations frona written prescription occurring during the dispensing proc( Seerity not assessed.
al. selecting and assembling medication (drug/content errors), generating an
5563) | affixing of dispensing labels (labelling errors) and issue of the dispensed |
to patients (issue errors).
Prescribing | Ashcroft| This study was part of a wider study; the EQUIP pi6é@rError was one Severity categories included minor,
Errors et al(64) | which occurs when, as a result of a prescribing decision or prescription w| significant, serious, or potentially
process, there is an unintended,fagni reduction in the probability of lethal errors and weebased on rating
treatment being timely and effective, or increase in the risk of harm when| scales used in previous medication
compared with generally accepted praéje error researcf67, 68)
Bagiret | Any intervention the clinical pharmacist had to make to ensure that the | Severity not assessed.
al.(69) | prescribing was clinically correct and legal. Errors were classified accordi
EQUIP study by mentioned abq6®)
Boltet | Difference between prescribed and calculated doses. Severity not assessed.
al.(70)
Denison | The study authors created a pool of potential prescribing errorsrbasedies | Potentially Lethal (Category A) Ser
Davieset| of quality statements based on I6¢a] 73)nationa(74) and international (Category B) Significant (Category
al.(71) | guideline¢75, 76) Minor (Category D) Severity
categories not defined
Franklin | A prescribing error was defined as a prescribing decision or presgripptign | Study authors chose not to assess
et & (77) | process that results in an unintentional, significant: (i) reduction in the pro| severity or type of errors.
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of treatment being timely and effective or (ii) increase in the risk ovhamm,
compared to generally accepted pra@it;e/8)

Franklin | A prescribing error was defined as a prescribing decision or preseriftign | Study authors chose not to assess
et al(77) | process that results in an a@itional, significant: (i) reduction in the probab| severity or type of errors.
of treatment being timely and effective or (ii) increase in the risk of harm,
compared to generally accepted pra@i;e/8)
Franklin,| A practitionefled definition of a prescribing er(66) Severity not assessed
et al(79)
Ghaleb | Prescribing edattinically meaningful prescribing error occurs when, as a r( Study authors report that the sever
et al(50) | of a prescribing decision or prescriptioningriprocess, there is an unintentiol of these medication errors remains
significant: (1) Reduction in the probability of treatment being timely and e be explored.
or (2) Increase in the risk of harm when compared with generally accepte
practicg80)
Huynhett A di screpancy was defi ned admisaiond i| Unintentional discrepancies were
al.(81) | medication (PAM) compared with the initial admission medicationorders(c | assi fi abl e i nt

written by the hospital doctohd discrepancies were classified into intentio
and unintentional discrepancies. The unintentional discrepancies were as
potential clinical harm.

classificatiof82)

Jones |Potentially inappropriate medi c at Severity notassessed.

and criteria(84)as any medication deemed inappropriate by the authors if it wa

Bhandar | contraindicated or prescribed at an inappropriate dose for the level of ren

i (83) function

Keerset | A clinically meaningful prescribing error occurs when, as a result of a preg Prescribing error classificati(@b)

al.(85) | decision or prescription writing process, there is an unintentional significa| Not clinically relevant: Minor.
reduction in the probability of treatment geimely and effective, or an incre{ Clinically relevant prescribing error
in the risk of harm when compared with generally accepted (6&38cepe Significant, Serious, life threatening
extended to include prescribing a drug without first registering a patient w
appropriate monitoring service and prescribing aalttgat mental health
illness without authorisation from a Mental Health Act form.

Ryanet | One which occurs when, as a result of a prescribing decision or prescriptii Severity not assessed.

al.(86) | writing process, there is an unintentional significant reduction in the proba
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treatment being timely and effective or an increase in the risk of harm wh¢
compared with gerally accepted pract{66)

Sederet | A clinically meaningful prescribing error occurs when, as a result of a preg A modified EQUIP study criter{@5)
al.(87) | decision or prescription writing process, there is an unintentional significa| was used for error categorisation a
reductionm the probability of treatment being timely and effective or (2) in¢ severity (minor, serious or potaity

in the risk of harm when compared with generally accepted ((8&gtice life-threatening).
Tully et | Pharmacists judged whether a prescribing error had occurred and catego| Severity was defined using the
al.(88) | using the definition and typology of De&nl(66) categorization of Lesetra(67)

(problem oders, potentially
significant, potentially serious and
potentially severe or fatal)
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One of the main types of MEs that this programme of work will focus on is
administration errors, which are a common(88see section 2.2.4).

However, other meass of the MedsST are related to all three types of error
and all of them will be discussed in the followingactibns. Furthermore,

the MedsST was designed to measure harm from medication, regardless of
whether the harm is due to error. Thereforepse2iB will discuss harm from

medication.

The following suisections will also discuss reported rates of each MEs at each
stage of the medication use process. As reports are voluntary, they greatly
underestimate the actual rate of errors. The presencerodr does not

necessarily lead to patient harm but increases the probability of harm, including
serious patient harm and occasionally death, which is why they are still

particularly important to study with the aim of future prevention.

2.2.2 Prescribg Errors

What constitutes a prescribing error can be subjective, and many studies

develop their own definitions, whilst many do not provide any defi(d®)ns

One of the most commonly used definitions in UK studies for prescribing
errors, developed Bean and Barber, has been defined below. Table 2.0
highlights that this definition has been used by seven papers, reporting six UK
studieg64, 77, 79, 857, 90)

OErrors which occur when, as @ess,esult of
there is an unintended, significant reduction in the probability of treatment being timely and
effective, or increase in the risk of hai
(66)

Reasons for prescribing errors were explored in matysteeview conducted

by Tullyet al(91) In the review, causes of prescribing errors were grouped
according to Reason's accident- causation
provoking conditionsd and9lpReasthesnt condi t i

accident causation model is a human error model based on the assumption that
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coactive failuresdé, by front | ine healthc:
conditions in which t{phewokomlg, cofntden i toarsi
Theseinturnarethee sul t of 0 a tpeonetdecisions miade i ons 6, e
at organisational levels. Initiatives may or may not be able to prevent this chain

of events from resulting in harm. There is therefore less focus on the

individual who makes the error and morererexisting organisational factors

(92)

E .
Latent —— rodr[i:n Active >
conditions procucing failures
conditions

Accident

Defences

Figure 1.0- Reason's Model of Accident Causatioi92, 93)

Causes of prescribing errors are often multifactorial, with several active failures
and erroiprovoking conditions acting togethio cause them. Tudyal.

found that the active failure most frequently cited was a mistake due to
inadequate knowledge of the drug or the pgéig&hSkillsbased slips and

memory lapses were also comii®dn Where erreprovoking conditions
werereported, there was at least one per error. These included lack of training
or experience, fatigue, stress, high workload for the prescriber and inadequate
communication between healthcare professi®iglkatent conditions

included reluctance to questsenior colleagues and inadequate provision of

training(91)

Previous research has found prescribing errors to be a common type of ME
(94)and in the UK, 16% of medication safety incidents reported to the NPSA
between January and December 2007 et/phescribing erro(62) A

systematic review of studies focussed on prescribing errors found a median of
7% of all medication orders are affected by prescribing errors and
approximately 50% of all hospital admisg@dsThe systematic review, by

Lews et al.found that error rates also varied greatly between §a0jli€hey
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concluded that this may partly be explained by different definitions of a
prescribing error and different methods used for collection of data and
settings. This systematiciegwfurther highlighted that many variations exist
between definitions used in studies, and that this can lead to difficulties in

operational us®0)

2.2.3 Dispensing Errors

Dispensing errors are another type of ME, which may occur at any stage of th
dispensing process, ranging from receiving the prescription in the dispensary to
supplying the patient or administrator with the medication. Dispensing errors
may involve the wrong drug, wrong patient or selection of the wrong strength

or product(45) One definition that covers all stages the dispensing process is:

oDeviations from a written prescription occurring during the dispensing process of selecting
and assembling medication (drug/content errors), generating and affixing of dispensing labe

(a1 I i ng errors) and issue (B8f the dispens

The review looked at external and internal errors, which were referred to as

unprevented and prevented dispensing errors respectively. Dispensing errors

can be divided tia the following categories:

A External errors: dispensing errors detected and reported after
medications have left the pharmacy.

A Internal errors (also known as Ae#sses): dispensing errors detected
during dispensing before medications have been isshegpabdent,

ward, or clinical area.

In the UK, 18% of medication safety incidents reported to the NPSA between
January and December 2007 involved preparation and dispensi(@Rgrrors

A systematic review of studies looking at incidence, type amaf cause

dispensing errors was performed by James et al. (2009). In UK hospitals, it was
found that external dispensing errors ranged from 0.008 to 0.02% and
prevented dispensing errors occurred more frequently at a raté2o7 %11

Jamegt alproposed thiathe wide range of error rates reported for dispensing

errors may be attributed to differences in research methods, dispensing
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systemsind operational definitio{@5) Jamest alalso found that there is

great variation in terms and definitions usedégoribe dispensing errors and

that terminology was being used interchang8&bllyactors most commonly

cited as contributing to dispensing errors, in the papers reviewed by James et
al., were workload, similar drug names, similar drug packaging |staft,

interruptions and poor handwriti(8%)

2.2.4 Administration Errors

Administration errors occur in situations where a discrepancy occurs between
the drug treatment that the prescriber intended the patient to receive, whether
any medication waeceived and what medication was actually received. A

frequently used definition is:

0The administration of a dose of medicat.
the patient medication chart, or from standard hospitalyebcy hisdnuiockes

errors in the preparation an®) administr af

There are various types of administration errors including:
1 Incorrect administration techniques
1 Administration of incorrect or expired preparations

1 Some omissions of medicati¢4s)

A recent systematic review of administration errors found that they are

common in hospital settin(@9) The review reported an estimated median of

19.1 % of o6tot al opportunitnies for error ¢
administration erro89) The way that medication administration error rates

are calculated also varied greatly as a product of differing ME definitions, data

collection methods, and settings of included st{@d@e# order to calculate

omissions ttas, a suitable numerator and denominator are régéjred

Some studies -havesede@dnwmpartr ateamts and denc
calculating medication administration errors, where the numerator is the total
number of patients with a medication adstration error, and the

denominator is the total number of patients prescribed medicines. However,
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studies have maifmolcy suesdedd nwanreir oau so r 6sd casned
denominators to calculate omissions rates. These include studies where the

numerator was theimber of doses with one or more MEs or the total

number of ME96) For the denominator, the majority of studies use the sum

of the total number of doses ordered plus any unordered doses, often

described as o0t ot @9, 96pApgthe dehominatot i es f or er |
used in studies include the number of doses observed (which therefore

excludes omitted mediciné®) However, medication administration

omissions (henceforth referred to as omissions) are a large medication safety

issue that can lead teisaes harm and it is important to include ti{@w 98)

Often medication safety research studies have investigated the rate of
omissions as the number of doses that have not been admif8Steoq)

rather than the number of patients that have nelvesttheir medicines.

Whilst it is useful to know about the former, it is also useful to know about the
latter so that specific patient groups can be prioritised for improvement of

omissions.

Focussing on patients experiencing errors, rather thafethedadloses, is

consistent with the NHS O0Harm Free Carebd
promoteamingd et of providing al/l patients with
avoiding har n@B) ThesMedsSTIsepart of tloe marm3 fred gare

programme andhérefore uses focuses on the proportion of patients

experiencing MEs, which will be used in Studies Three (Chapter Eight) and

Four (Chapter Nine) of this thesis.

2.2.5 Definitions Used in this Programme of Work

Whilst there has been guidance for orgamsaabout how to use the MedsST
(23) it has not provided specific definitions for ME, or the for the three types
of ME described in the above sections. Therefore, this programme of work
will use the most common definitions used by the UK studiespstatiedisly

(36, 50, 63, 6aowever, the operational definitions provided by the latest
version of the main MedsST form (Version 16b for hospitals) will be adhered
to (see Appendices 1.0, 2.0 and 3.0).
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Establishing appropriate operational definitionsié&asuring medication

safety is difficult, and improvement science (see Section 3.2) was used to test
and develop the operational definitions used by the MedsST (see Study One,
Chapter Six). In particular, developing standardised operational debnitions t
measure harm from medication can be very complex and often requires input

from several from healthcare s(a#f, 103)

2.3 Types of Harm from Medication

As mentioned above, MEs are failures in the process of medical management,
and are the cause of soharms to patienf22) However, not all harms from
medications are due to MEs. In some instances, patients experience
medicatiorrelated harm despite no failures occurring in the process of medical
management. Both medicatrefated harms due to ereord those not due to

error can be defined as Adverse Drug Events (ADE). As mentioned above,
few MEs result in ADEES8) It has been suggested that all preventable ADEs
are MEY104) Other MEs that occur do not lead to actual harm but have the
potential ® lead to ADEs and are classified as potentially harmful. Minor
errors that have little or no potential for harm are not considered potential
ADEs. These relationships have been represented by Matielbtdow

(Figure 2.0)104)
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Preventable

Medication errors

Potential
ADEs

Adverse drug
Ameliorable reactions

Figure 20- The Relationship Between Adverse Drug Events, Potential

Adverse Drug Events, and Medication Error$104)

2.4 Measuring Medication Safety and Associated Harm

Attributing harm to MEs can be challenging as it is often difficult to ascertain
whether a ndicationrelated harm is preventable or not, and therefore an ME.
For example, Angiotengtonverting Enzyme (ACE) inhibitor drugs, a type

of drug used to |l ower patientsd blood
coughing symptoms, and alternative ciresl should be used for lowering

their blood pressuf&05) If coughing symptoms develop in a patient given an
ACE inhibitor without a history of this problem previously, this would not be
an ME(104) If a patient is given an ACE inhibitor drug, batéhhistory of

an ACE inhibitor induced cough previously, this can be classified as an ME,
unless it was prescribed asehedlenge test to confirm whether the ACE
inhibitor caused the cough. In addition to the difficulties in identifying MEs,
another rason that MEs are greatly underestimated is that medication safety
data has predominantly been collected in the form of voluntary reports.
Voluntary reporting greatly underestimates the number of MEs and the quality
of reports are variab(&8, 106and wlilst they are useful for learning purposes

(18) they cannot be used for measurement pur(@&ddany studies in this
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area have outlined the great difficulty associated with getting clinicians to
report either MEs or adverse drug events volun@22jy-urthermore, it has

been highlighted thhealthcare practitioners often struggle to assign severity
ratings to incidents that they have encountered. In particular, inconsistencies in
severity ratings have been noted when different healthcare prdsdssuena

reported the same ME, or wheglb6)dnear mi ss:i

Research studies investigating the prevalence of MEs have often-used non
voluntary reporting methods, including retrospective chart or electronic record
reviewq22, 107)Medication safety is a complex process and measurement of
medication safety requires focus on different areas of MEs including actual and
potential errors and related harms. Therefore, many of the innovations to
improve medication safety have consistadvafiety of measures for both

actual and potential harm. These use a combination of measures of actual
harm and process measures, as it is thought if processes are correct the
likelihood of errors decredg4). The MedsST is one of the tools that has

used a combination of steps and process measures to measure both potential

harm and actual harm.

Most measurement of medication safety that has occurred has been for
research projects, and recent studies have shown that medication safety has not
improved oer timeg(38) This is true for other areas of healthcare and patient
safety alsd and still 1 in 10 patients are harmed by healthcare. This has called
for us to start thinking about improvement of healthcare in a differeht way

for example, by using ingwpement science. Improvement science is healthcare

is an emerging discipline that is becoming popular for helping healthcare
organisations to develop new tools and innovations to improve different

aspects of healthcare (see Sectio(33,1}08)

2.5 Sunmary of Chapter

Medication safety is a priority area within patient safety as highlighted by the
current Global Patient Safety Challenge. Medication use processes are very
complex and there are many types of errors at various stages of different

processedDefinitions for errors at these different stages are often subjective
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and difficult to make generalisable between contexts. Defining severity of
errors and the harm they lead to is also difficult, as highlighted by the many
variations of severity catagerdescribed in Table 2.0.

Most of the information we have about MEs are from research studies or
voluntary reports. Voluntary reports greatly underestimate errors and research
studies are timeonsuming and expensive. Furthermore, aggregated data from
reports and research studies can take several months to reach staff on the
frontline. Routine data about medication safety is not available and the report
by Elliott et al. where data from the various UK studies were extrapolated
against NHS England Statistabout bed availability and occupé3®)o

generate information about ME rates in the NHS hospitals highlighted that
initiatives for monitoring medication safety in hospitals are required. Such
systems to enable measurement as part of routineepreetiequired to help

avert risks as per domain 4 of the WHO Global Patient Safety Challenge. This
programme of work focuses on the MedsST which is a routinely used
medication safety data collection tool and an example of an initiative that has
been desited to assist with monitoring of medication safety overall. Initiatives
developed using Improvement Science, such as the MedsST, focus holistically
on systems, rather than individuals, and could aid measuring medication safety.
A Background of Improveme8tience and a description of the MedsST and

other STs will be provided in the following chapter.
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Chapter Three:

Background on Improvement Science and the Safety

Thermometers

3.1 Improvement Science

Improvement science is a concept which focuses oniegpiow to improve

the quality of healthcare efficiently. It inhabits the sphere between research and
guality improvement by applying research methods to help understand what
impacts on quality improvem&88) Improvement science stems from
operationsesearch, industrial engineering and management and the
overarching goal of using it in healthcare is to ensure that quality improvement
efforts are based as much on evidence as the best practices they seek to
implemen{33) Improvement science combiaeademic expertise to

improve the decisions made about the organisation and delivery of care, with
the pragmatic science of the health service, and knowledge and practical
wisdom held by healthcare clinicians and marta@8yg his overlap between

t heealHt h Service Worl do and OAcademi
Figure 3.0.

Health service world Academic world

Non-health related disciplines

Pragmatic Data-driven
decision s decision
-making -making

Clinical Basic

HSR F—ciences ™™ *sciences

provement science

N S———

Rigorous QI Shared space for High quality
methodology innovation health services
research

Figure 3.0- Framing the Science of Improvemen{108)
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3.2 Using Improvement Science to Improve Patient Safety

The use of improvement science in healthcare has graduallgdrasrdas

number of patient safety improvement initiatives have been developed using

improvement scien¢g09, 110) For exampl e, the 61000 Liv
Waleswasatwoe ar | mprovement initiative adapt e
100, 000 Lgnw the WBSA ua by tha Institute for Healthcare

Improvement (IHI). These programnaésed to improve patiesdifety and

increase healthcare quality by targeting medicines management, healthcare

associated infections and better medical and surgi¢a06adel 0)Both the

American and Welsh programmes were reported to have aided improvements

in healthcare; it was estimated that the American campaign had helped to save

122,300 lived 11)and that the Welsh campaign had helped to save 1,199 lives

(112)

Another programme conducted within the NHS based on an American

programme was the O0Matchi rbgseddnanhi gand pr ¢
i mprovement programme conducted in the U!
Keystone pisoale mogett desighlay a graup gf elinicians and

health service researchers in Michigan (USA) that focussed on improving

central venous catheters and bloodstream infections. The Michigan Keystone

project was found to be successful in reducing rates of eatladber

bloodstream infections by 66%43) Though Matching Michigan reproduced

many of the components of the original Keystone project, it did not reproduce

the same succdd444) To see why certain components of an intervention

succeed or fall, evaluations araired to see whether the changes could be

related to the interventighl5, 116)The importance of the evaluation of the

quality improvement initiatives has been discussed further in Section 3.3.

A number of improvement science methods have been usselmp and
implement the interventions in healthcare, for example, organisdiaselly
initiatives such as using FlamStudyAct (PDSA) cycled 17) It was
reported that PDSA cycles played a particularly instrumental role in the
development of th8Ts and were chosen for development of the

Thermometers as they enhanced the chances of application at scale as it
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all owed testing of a planned change i

strengths and weaknesses before adaption of the STéortasting118)
The following section focuses on PDSA methodology and examples of PDSA
cycles used to develop the MedsST can be found in the tables of Study One

(Chapter Six).

3.2.1 Plaibo-StudyAct Cycle Methodology

The PDSA cycle is one of the moatnmonly used improvement science
methodq119)and is part of the quality improvement model (FigurEl2@)

PDSA cycles provide a framework for developing, testing and implementing
change$121) It helps users of improvement science specify whiairthe

trying to accomplish, how to tell whether a change is an improvement, and

what changes can be made that will result in improvement. When PDSA cycles
are used, usually changes are first implemented on a small scale and tested and

refined before scalegh and rolled out on a larger s¢aleb)

I' What are we trying to .
f accomplish? 1

[*

| &

f How willl we know that a {
i change is an improvement? |

|
[ What change can we make that
f will result in improvernent?

At Plan \
Study Do

=1

Figure 4.08 The Quality Improvement Model (120)

The four steps of the cycle include the following:

fPlan- the change to be tested or implemented
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fDo - carry out the test or change
fStudy data before andtaf the change and reflect on what was learned

TAct - plan the next change cycle or full implementéitizir)

As mentioned above, use of the PDSA cycles for developing the STs enhanced

the chances of applicati omettngtndscal e as i |
considered strengths and weaknesses of the STs at each change before

adapting it for further testing. At each stage of testing, evidence was gathered

to find the best way to implement the programme aghheate if it is not

successful. Thogramme of work will explore specific examples of how

PDSA cycles were used to develop the MedsST (Study One, Chapter Six).

3.3 The Importance of Evaluating Improvement Initiatives

Whilst many initiatives to improve patient safety have been introbleiced

often a lack of knowledge about how effective the initiatives have been. To

fully |l earn about the impact of interveni
both qualitative and quantitative approaches are required. Quantitative

approaches allow tesmeasure associated changes, such as the number of

lives potentially saved. Qualitative evaluation allows us to understand what

aspect of the programme has worked and what has not. Furthermore, just

because an initiative is successful in one contaitndt automatically be

successful in another. As mentioned previously, the Michigan Keystone project

was found to be successful in reducing rates of ca#lated bloodstream

infections. However, andepth evaluation of the UK Matching Michigan

programme found that there was no difference in the reduction of infections in

intensive care units who were on the matching Michigan programme compared

to those that wereno6ét, suggesting that t|
it did work it is difficulto prove thig116, 122)The evaluation found that the

UK programme was challenged both in showing that it was outperforming the

secular trend and in defending against the decline effect for reasons relating to

the design and execution of the programmdtienal context into which it

was introduced, the impact of individual

to measurement and engager(ie2)
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The authors of the abemeentioned evaluation, Dixdoods et al., reported

that the Matching Michiganemtentions themselves (data collection, non

technical and technical) o6workd to reduc:
bloodstream infections, however, Matching Michigan did not fully work as a
programme because of c e ddsign, delivdrye at ur es of
and context of implementation. For example, staff engagement with the

programme was an issue because staff did not like the introduction of

Matching Michigan and felt it was a failure to respect what they had already

achieved, and, givére other challenges facing hospitals, a misdirection of

resourcegl24) When designing and delivering improvement initiatives, it is

vital to have a good understanding of programme mechanisms and contexts of
implementation and the evaluation of the pragne enabled clinicians and
researchers to understand why the progr at
importance of involving frontline staff in development and evaluation of

future innovations in the NHS to ensure success. Innovations such as the NHS

Sdety Thermometers have therefore had more involvement of frontline

clinicians in the development process.

3.4 The NHS Safety Thermometers

Another NHS improvement innovation that has recently been developed and

evaluated is the Safety Thermometer (Siish wonsist of simple audit tools

to provide monthly data about different areas of (E25) STs are part of a

wi der O6Harm Free Cared programme, which 1
collect reliable data it is vital to ensure that there is @facus6 Har m Fr ee
Cared and patient cthenattofendasurethent ove ment t hi
6Harm Free Cared pr ogrsetofprevidiagaihs t o pr omo
patients with O6excell e@3 HeHalrtmh cFarreee wWhairles
is a term usear aninnovative patiedevel composite measure of the

absence of har(i25)

3.4.1 The Original Safety Thermometer
ThefirstSTt he or i gi nal ST, resulted from the

2011, in which approximately 1,000 healthcare profdssi@re asked to
design and test innovative ways to achieve a reduction of patigh2barm
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127) The paper version of the original ST can be found in Appendix 4.0. The
original ST was then developed to provide a quick and simple method for
surveying @tient harms and analysing results so that healthcare staff could
collect data to enable the measurement and monitoring of local improvement
and harrvfree care over time, but that could also be aggregated to learn about
harms at a national ley®18, 128)

The original ST helped organisations to measure the prevalence of four
common harms; pressure ulcers, harm from falls, urinary infection in patients
with catheters, and venous thromboembolism (VIZ5) These four harms

were chosen as they accounaftarge proportion of avoidable injury in
healthcare settings and incur high human and econom{d 28sBata were
collected on one day per month and inputted into Statistical Process Control
(SPC) charts to enable healthcare teams to track impropergees$125)

A composite measure that looked at the proportion of patients who lacked the
four harms was also used, where patients who had not incurred any of these
har ms wer e -fdregg@iped O har m

Testing and refinement of the NHS ST invothed®DSA method.

According to Powest al.this method was chosen as it enhances the chances

of application at scale, as it tests a pl
considers its strengths and weaknesses before adapting it for further testing

(118) Poweret alstated that there was a mixed reaction to this m@th&p

Some organisations and individuals appreciated that their feedback was being

used to build and refine the tool and were more engaged as a result, whereas

others preferred only t@e the finished version and were uncomfortable with

the concept of spending staff time and resources in order to improve versions

(23, 118)

The ST was devel oped to provide a O0tempe.]
term 0t her momet e 619 ateniperaturetcleeckénoolvése x t o f an
obtaining data to measure the level of harm occurring due to a particular type

of patient safety incident. Therefore, a
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occurring and can indicate that something is wrong and neests furth
investigation and improvement.

The introduction of the ST was a result of a shift in government policy to

focus on improving outcomes in health, leading the DoH to commission
programmes such as the Quality, Innovation, Productivity and Prevention
(QIPP) programme. The QIPP programme comprised of 12 national work
streams, one of which was a O0safety work
harms that the original ST has been developed to measure: falls, pressure
ulcers, VTEs and catheter associated (1213. The first two of these harms

were highlighted as improvement areas in Domain 5 (Safety) of the NHS
outcomes framework 2010/2011 (Figure(®33)) and were estimated to

affect over 200,000 patients a year, costing £430 million in Englag8ilalone

The NHS outcomes framewaskas developed by NHS England to provide a

way of measuring the actual outcomes that are achieved, in terms of healthcare
(131)

Domain 2 Domain 3

Helping

Enhancing .
quality of life people to . Effectiveness
recover from

episodes of ill
health or
following

injury

for people

with long-
term

conditions

Ensuring people have a positive

Domain 4 . ~ Experience
experience of care
Treating and caring for people in a safe
Domain 5 environment and protecting them from avoidable - Safety

harm

Figure 5.0 NHS Outcomes Framework 2010/201130)

The original ST is a point of care survayithcarried out on 100% of patients
within the chosen wards or organisation on the chosen day of the month. It
has predominantly been nursing and healthcare assistant staff that have been
involved with collecting data for the original ST. Staff usaghe@bST to
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first collect data about simple patient demographics (age group and gender),
and second, data about how many patients have suffered from the four harms
on that day125) To date, it has been used to perform over 10 million patient

surveysopver 8 yearfl 32)

The original ST was introduced under the Commissioning for Quality and
Innovation (CQUIN) scheme, which uses financial levers, in addition to
baseline funding, to incentivise healthcare organisations to reach certain targets
(133) Organisations with baseline data can therefore compare their previous
data to current data to measure improvement. Improvements are incentivised
using the CQUIN target payments. Improvement had to be demonstrated by
evidence of special cause variation (3€¢ymmarised in Table 3.0, to

receive payment for achieving the improvement CQUINIg28IThe
incentivisation for using the original ST has continued, and the most recent
NHS Standard Contract guidance states that organisations must report the
resuls of the original ST data collection, together with analysis of trends and
action taker(135)

Table 3.0:Run ChartRules for Special Cause Variatiofl136)

System Shifts Eight or more consecutive points abo
or below the mean line

Trends Seven or me@ consecutive increasing ¢
decreasing points

Too many/too few runs The number of times data crosses the
mean line is too many or too few (bas
on the total number of observatiohs)

Astronomical points Data points outside control limits

3.4.2 Ewluation of the Original Safety Thermometer

As previously when the original STd3ds ste:
original ST, t h e icostmagmaticeystem to pravides et up a |
monthly data on four harms across care settings and prozhstees that
could be used locally for improvement but also aggregated to determine the
burden of h(&lB,t28)ihe teview sumdested that the
af orementioned aim had been achieved, st
a system for measugiharm nationally through standardisation and merging
of locally refld8)ted datadé achieved
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However, whilst a tool for data collection had successfully been developed,
unexpected issues had arisen by using the original ST in regards to improving
hedthcare, as was identified by a subsequent qualitative evaluation led by
independent researchers from the University of Lei(E23¢iThe evaluation
highlighted thatvhilst measurement to ensure a safe, high quality healthcare
system was important aihét the original ST was helping organisations to do

this, there was also some tension between blame and accountability when using
collecting datfl28) The introduction of the original STwaa n at t empt t o s
our focus f l@anB7mhovevarehe evaluatioa af the drigingl o

ST found NHS staff using the original ST saw the-8[Hfrimarily as a

blame allocation device, informed by their previous experiences of

performance management and accountability. Armstrong et al. proposed that
the focus in healthcare organisations on accountability had not allowed the
aforementioned shift of focus from blame to learning to @r28)
Armstrong et al.0s evalwuation of the ori
identifying that the tool was nohaving the aim of moving away from a

blame culture in NHS cultures, and has encouraged stakeholders to consider
how the use of the original ST could be used. The evaluation was led by
independent researchers not involved with the development of the MedsST
which is an important aspect for evaluation initiatives so that the findings are
understandable for people who have not been involved in the development

and do not have the background knowledge developers do. Furthermore it
helps to ensure that collectlda can stand independently so that another

trained researcher could analyse the same data in the same way and come to

essentially the same conclugi@8)

Following the rolbut of the original ST there were requests for similar
ST tools to be delaped to help measure other speciality afdssalthcare
where measurement tools did not exist, al
generationd Safety Ther mometers that wer
programmes for the next generation aétgafthermometers have also been
introduced since 2013, and this PhD programme evaluates the use of the
MedsST (See Section 3.5).
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3.4.3 The Next Generation Safety Thermometers

Four6 Next generation Safety Ther mometers

onwardsfoomng t he o0Safety Ther momet er Fami
that they covered wemental health, paediatrics, maternity and medication

safety to measure and prevent @30 This programme of work focuses on

the ST that measures medication safdyy(the MedsST), and the other three

areas measured by STs will not be considered in this programme of work.

The original Safety
Thermometer

Medication
Safety

Maternity Mental Paediatric
Safety Health Safet Safety
Thermomete Thermomete Thermomete

Thermometer

Figure 6.0 The Safety Thermometer Family

After the originalST,the mostwidelyusednextgeneratiois T hasbeenthe
MedsSTwhichhasbeenusel to surveyover200,00patientsUnlike the

original ST, nurses and pharmacists have equally been involved with the
development and implementation of the MedsST. Study One (Chapter Six)
briefly highlights differences in how different healthcare proddsstribute
harm to ME and previous studies have reported differences in attitudes to
reporting(139)

3.5 The Medication Safety Thermometer

The introduction of an ST to focus on safe medication use was deemed
appropriate considering that medicatiocidents have been identified as one

of the main causes of preventable patient harm, as mentioned in Section 2.2
(18, 29)Therefore, following the rollout of the original ST, many healthcare
professionals called for a next generation ST to focus ontimediagety.

These calls were actioned upon and in 2011 a steering committee was formed
to develop the Meds$23)
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3.5.1 Development of the Medication Safety Thermometer

The national steering group led by David Cousins started the development of
the Ma@sST by investigating whether it was possible to measure harm from
MEs in a similar way to the original(33) The steering committee aimed to
develop a tool with the overall purpose of providing snapshot data about the
burden of harm due to medicatignfbcusing on four high risk medication
groups. It has been suggesiedsimple act of collecting data should not be
underestimated and, as data are mainly collected at the point of care by the
multidisciplinary team (MDT), this process alone may heipriove safety

culture and awareness at a local(i&4@)

The MedsST was designed to be used on a monthly basis and the data for
measuring medication safety and related improvement over time.

The design, development and national implementationtobliias been

reported in Study 1 (Chapter Six). A number of improvement science methods
were used such a driver diagrams and PDSA cycles, examples of which have

been given the aforementioned study.

In summary, the steering committee decided to focketsST on potential

harms, such as medication omissions, and actual harms related to four classes

of drugs that can cause patient harm if not prescribed, dispensed or

administered appropriatebnticoagulantgjectable sedativ@ssulinand

opiatesAll of these had been identified and reported to the NRLS as the most

likely classes of drug to cause death and severe harm betw2eh®08%

The data collected can be used to highlight areas that require further

investigation by organisations, fareple, to see if policies are being followed

or need updating. Although not all medications are included, collecting data

about high risk medication groups all ows
the level of harm that is occurring and can measu/aenen(23) During

the development phase numerous PDSA cycles were used to decide the
operational definitions for each measur e
Six, Study One).
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3.5.2 The Current Medication Safety Thermometer Tool: Version 16

Thecurrent tool (version 16) was rolled out in August 2014 and involved 3
steps. Furthermore, since 2014 there are tweessibns, one for acute

settings (Version 16a, Appendix 1.0) and one for community settings (Version
16b, see Appendix 2.0). Versioa {6r acute settings) has been used more
predominantly than version 16b (for community settings). The steps of the two
tools are the same: Step 1 collects information about patient demographics
about each of the patients on the ward or nursing homé. 8sepasks
guestions about each patientds medicati ol
enable detection of critical medication. For example, the number of regular
medicines, allergy status, medication omissions and the number of critical
medicine omissisnIf a patient is receiving any of the listedrisgh

medicines then the data collector is prompted to move to Step 2.

Steps 2 and 3 focus on harm free care. Step 2 involves assessing each of the

pat i e nriskdnedicnes grid aims to detect p@teptoblems. If the

answer to any of these questions about Al
trigger of potential harm and the patient should be discussed in Step 3 through

an MDT huddle as described previously.

Step 3 involves a MDT huddle where #gept and the trigger of potential

harm are discussed between a nurse, pharmacist and doctor. In community
settings, this may take the form of a phone call to the GP practice. The
discussion should determine whether harm has been caused by ME, and the
graup then report the level of harm, record learning (i.e. how to improve
practices to prevent reoccurrences) from the discussion and whether or not an
incident report has been or should have been completed. The three steps of
the MedsST have been summaiis@able 4.0.
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Table 4.00 Steps of the Medication Safety Thermometer Version 16 (Adapted from Cousins et(2B)

Step:

Step 1

Step 2

Step 3

Patients surveyed:

All Patients.

Patients on high risk medicines.

Patients who have any signs of harr

from highrisk medicines.

Suggested data
collectors/staff

involved:

Ward Nurse and Pharmacist.

Pharmacist.

Ward Nurse, Pharmacist and doctor|

looking after patient.

Data
collected/actions

taken

i Patient demographics.

Medicines reconciliation

==

initiation.
Allergy stats completion.
Omissions.

Reasons for omissions.

= =4 -—a -

Whether patient take any higl
risk medicines*.

1 If patient is on highisk

medicines Step 2 is triggered

Does the patient have any indicator
harm from the highisk medicines?

E.g. If the patient iskang an

anticoagulant:

1 Have they had a bleed?

1 Have they been administered
Vitamin K?

1 Are their INR** levels outside of
limits (>6).

If the patient has any indications of
harm from highrisk medicines, a mull
disciplinary huddle (discussion) sho
occur b discuss whether a harm has
actually occurred due to the hiigk
medicines. If so:

T What is the level of harm?

1 What are the learning points?

*High risk medicines include: Insulin, Injectable Sedatives, Anticoagulants and Opioids, **INR: InternattisatiNRatio
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Currently version 16 of the MedsST is in use (since October 2013), and since
1st April 2014 the testing phase has been completed for Stepg23and 2

3.5.3 MedsST Guidance

Guidance for the MedsST was provided by the developmengsteer

committee, specifically for hospitals in the Greater Manchester region when a
CQUIN financial scheme was in place to receive payments for collecting data
(first six months) and then for showing signs of improvement (last six months)
(see Section 3.5.2he guidance described the purpose of the MedsST as:

0o(the MedsST) can be used to: measure ac.|
medications safety, engage nurses, pharmacists and medical staff in improving medication
errors and understand thelle n of har m23)r om medi cati on e

Organisations that use the MedsST use have been provided various forms of
guidance by facilitating NHS organisations including NHS England, Haelo and
NHS Improvement. The guidance has included guides thakastdewia

the website, webinars, one to one meetings and there was an event specifically
about the launch of the MedsST in Bolton in January 2014. However, there
have not been any more recent events. Since early 2017, MedsST data collected
has been subtted to Quality Observatory team at South, Central and West
Commissioning Support Unit on behalf of NHS Improveifi&®) Despite

the change in management the same guidance from 2013 have been provided
to users and no changes in the MedsST has ocouceedi3. This guidance
recommends that the sample for data collection on one day of each month is

as follows:

91 For acute services: 100% of patients on 5 surgical wards and 5 medical
wards each month (the same wards should be used each month)

1 For communitgervices, 100% patients on one day each month, up to
200 patients. The same wards or teams should collect data for each
month for consistency.

1 Similarly to the original ST, data collection occurs on one day of each
month.
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3.5.4 CQUIN Targets

CQUIN targés are financial levers in addition to baseline funding, to

incentivise healthcare organisations to reach certain(ie88efdl NHS
organisations were offered financial incentives to use the original Safety
Thermometer through the CQUIN mechanism betwApril 2012 and March
2013. However, only regional and local financial incentives have been provided
for organisations to use the MedsST. Only the Early Adopters (EA) of the
MedsST (who joined the national programme during thetedpihg phase,

betwen January 2013 and March 2013) based in the Greater Manchester
region, received a regional financial incentive for using the MedsST, between
April 2013 and March 2014. The sole remaining EA organisation that was
based outside of Greater Manchester, aedAdopter (LA) organisations,

who joined during the betiasting phase or after (April 2013 onwards), have

not received financial incentives unless they were separately agreed with their

local commissioning groups.

3.5.6 Medication Safety ThermometeaDat

Originally all data collected were submitted to Haelo, who managed the data
collection between 202817. However as mentioned previously, the
management of the MedsST data has been trangfaméddiaelo to the

Quality Observatory team at South, Ceat@/West Commissioning Support
Unit on behalf of NHS Improvemetit32)

Since 2013, MedsST data collected has been openly available for organisations

to view and download onlinevakw.SafetyThermometans.uk Downloaded

data is presented in a dedicated dashboard and allows organisations to view

data at national, organisational and ward [Begdshas been compiled for

both acute settings and racute settings, however, there has been much

more dad collection in acute settirf@d1) Whilst patient level data is

anonymous, the name of the organisation data are submitted for are not

anonymised. The fact that organisations can access this information may lead

to organisations competing with eachrotheand o0 gami ngdé t he syste
been suggested to occur with other national hospital data such as mortality

rateg142)and original ST d41£28) Gaming the system could include being
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http://www.safetythermometer.nhs.uk/

selective about which patients to collect data on and which dataito su
(142)

3.5.7 Evaluation of the Medication Safety Thermometer and Use of its Data

Whilst data generated by the original ST has been used for a number of studies,
and the use of the tool has been evaluated qualitatively, there is a lack of
knowledge adut the MedsST and its data, and how they can be used.

Whilst some of the lessons learnt from the evaluation of the ST is transferable

to use of the MedsST, there are also large differences in how the original ST

has been taken up by organisations in @oson to the MedsST. For

example, Bucklet al(2014) have published in their paper that the original

ST has been a success in their organigh#éndespite this they have not

been using the MedsST. Buckl eywds trust t
decided not to use it after this. A striking difference is that pharmacists are

inevitably much more involved with the development, use and commissioning

of the MedsST and previous research has suggested that different healthcare

professionals havefdrent attitudes to reporting incidents

As highlighted in Chapter Two, improving medication safety is a large aspect

of addressing patient safety overall, and medicalaved injury has posed a

significant burden to healthcare resources. The puepase of the MedsST

is to measure improvement over time. However, medication safety initiatives

are not just about the development and roll out of a tool, it is also important to

evaluate the use of the tool, in particular whether improvement is g@surrin

a result of an initiatives introducti on,
ci r ¢ u m@43pAs DieosVWoodset alfound when evaluating the

programme OMatching Michigand (see Secti ¢
social and cultural aspecttherathan solely assessing whether a programme is

owor ki ngod. Understanding these aspects |

programmes worfd 23)

There is no published research about the MedsST, and in addition there is a

lack of research about the social@nidiral aspects of data collection tools
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that attribute harm to ME. It is also apparent that there is no universal
definition for ME, making it difficult to assign one definition to ME that is
suitable across settings, countries and time. Howevaernpirignt that a tool
has clear operational definitions that can be used by frontline and senior

healthcare staff and stakeholders.

As mentioned previously (section 3.5.3) there is guidance and published

materials detailing how the MedsST is supposedisetdittle is known

about the MedsST is actually used. Furthermore, little is known about the use

of medication safety measurement tools as a whole because measurement of

medication safety has not traditionally occurred in healthcare settings. The

genea | guidance about the STs specifies th
itds caringd6, highlighting that the STs
culture shiff132dmovi ng away from a bl ame cul ture
towards a culture that focusesimproving systems and therefore outcomes

for patients regardless of whooés fault al

3.6 Summary of Chapter

Medication related harms are a large cause of overall harm to patients in
healthcare. However, it is difficult for organisatemkeow whether
improvement has occurred within their organisations as medication safety is

not measured.

The increase in the use of Improvement Science for tackling healthcare issues
has been beneficial for developing new innovations to help improws var
aspects of healthcare. However, if innovation programmes are not evaluated
and improved they can lead to wasting of resources. As qualitative research
focuses on understanding meanings and experiences it is particularly useful for
unpacking some ofétcomplex issues inherent to improvement initiatives

such as the Meds$li44) therefore this programme of work will mainly use
gualitative approaches, the methods for this programme of work are discussed
in Chapter Five.
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Although literature exists ealng the original Safety Thermometer and other
largescale patient safety systems, to date there is very little evidence evaluating
patient safety measurement systems that focus specifically on measuring
medication safety, which can be a more compleavena@?2)as stated by

the developers who have described the MedsST as the most difficult ST to
develop (personal communication with Haelo and NHS England, 2014). Using
implementation theory to evaluate the implementation would also help
understand the levance to how a similar tool to the MedsST may be
implemented in other healthcare settings. Many difficulties can arise from the
measurement of medication saf2®) and the MedsST measures are far more
complex than the original ST measures and th&Medolves more steps

and staff involvement. There are similarities and differences between the
MedsST and the original ST. For example, they both aim to improve patient
safety by preventing patient harm, data is collected in a similar manner and in
terms of development similar feedback systems have been in place for users of
the MedsST.

In conclusion, it is important to use the learning from the original ST when
researching the MedsST, but there are major differences between the tools and
it is evidenthat separate research to assess the use of the MedsST is
warranted. Hence, the overall aim of this programme of research being as

follows:

To evaluate the use of the MedsST, with focus on how it has been designed,
developed, implemented and can be atsieoth national and local levels.

A programme of research consisting of four studies (submitted for publication
as four journal articles) was conducted in order to address this overall research
aim. The structure of this programme of research is daugshapter

Three.
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Chapter Fourd Thesis Aim

As mentioned previously, the overall aim of this thesisvaltate the use of
the MedsST, with focus on how it has been designed, developed, implemented

and can be used at both national and local. levels

In order to evaluate an intervention, an understanding of how it has been
developed is required, therefore the initial segment of this programme of work
aims to understand the design, development and implementation of the
MedsST both at national leyalsd local levels within various healthcare
organisations. This programme will then explore how the MedsST can be used
to learn about medication safety and aid improvement. The specific objectives

are as follows:

1) To investigate how the MedsST has tesigned, developed and
implemented into practice nationally, to help thoroughly understand the tool
and its purpose.

2) To understand how the MedsST has been implemented into practice at a
local level, and the barriers and facilitators associatdd imfiiementation.

3) To identify whether MedsST data have been used to influence and measure
improvements in medication safety in, and if so how.

4) To identify positive practice associated with use of the MedsST to aid
medication safety improvement.

5) To explore how nationally aggregated MedsST data cantbdased

more about medication safety at scale within the NHS.

6) To make recommendations forsggling positive practice, and for general
best use of the MedsST and its data.
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SECTION TWO: ME THODOLOGY
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Section Two Introduction

The first section of this thesis provided an outline of the organisation of this
thesis and introduced this programme of research (Chapter One). Chapters
Two and Three provided background about patient safety, mediatdty

and improvement science as a facilitator for improving patient safety. A
detailed background of the MedsST was also provided in Chapter Three. The
thesis aims and objectives highlighted that this programme of research seeked

to address the knowbgel gap regarding evaluation of the MedsST.

As highlighted in Chapter Two and Three, evaluation of complex quality
improvement initiatives requires various approaches, including qualitative and
guantitative methods to consider both the social and cadipeats of tools

such as the MedsST. Therefore, a nm@ttiods approach was chosen for
conducting this programme of work which is discussed in Section Two which
consists of Chapter Five only. Chapter Five presents a detailed description of

the philosophil stance or paradigms in conducting mixeithods research.

Descriptions of the four main paradigms used in research studies are
highlighted in section 5.1. This is followed by stating the pragmatist paradigm
has been used in this programme of worktanchtionale for its selection
(Section 5.2). Section 5.3 provides background information about mixed
methods before Section 5.4 gives the rationale for using @neikeds

approach. Section 5.5 provides a more detailed information about various
mixedmethods research designs and 5.6 gives the rationale for the mixed

methods research design used in this programme of work.

Sections 5.7 and 5.8 describe the qualitative and quantitative research methods
used in this programme of work, respectively. Fi8altjion 5.9 discusses the

key methodological issues and ethical considerations related to this programme
of work.
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Chapter Five:
Methods

This programme of work employed a mixehods approach, where both
guantitative and qualitative methodologers wsed. To discuss the
methodologies used in this programme of work, it is essential to explain first
the underlying philosophical assumptions of research studies. This will then
strengthen the rationale for selecting a nmettiods approach, given the

chosen paradigm.

5.1 Paradigms

A paradigm refers to a distinct set of beliefs, concepts or thought patterns, to
guide a researcherds actions and beliefs.
existence and nature of reality (ontology), the perceivedskiptwith the

object being studied that is considered real (epistemology), the process of
knowing something considered to be real (methodology) and the ethical
considerations required to conduct related research (aXiziéyyhese

fundamental princips of ontology, epistemology, methodology and axiology
guide, inform and shape how a researcher sees the world and acts accordingly
(146) Researchers must recognise the paradigm that guides their work because
it enables them to identify their own rabethé research process, determine

the course of any research project and decide other persfietiives

A large number of paradigms have been proposed by researchers, but four

main paradigms are commonly used to underpin research(s48]i249)

The four paradigms, also referred to as ©6
postpositivism, constructivism, transformatism, and pragmatism. The

following suksections discuss each of these paradigms.

5.1.1 Postpositivism

Postpositivism has been moshowonly associated with quantitative research
(148, 150) This paradigm has also been referrt
or doing science resea(th9) Studies guided by postpositivism often begin

with a theory, then collect data that either supmorégects the theory and
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revise the theory accordingly before performing additional tests if necessary

(148) Postpositivist researchersd approach

can be seen and measured. Knowledge of anything beyond that, & positivis
would hold, is impossib&46) Postpositivism derives from positivism, but
extends the traditional concepts associated with positivism, which concern the
absolute truth of knowled@®49) Postpositivism was developed as positivist
researchers realidbdt they cannot be positive about their claims of

knowledge when it comes to studying the attitude and behaviour of people
(149) and what might be the truth for one person or cultural group may not be

the truth for another.

5.1.2 Constructivism

Constuctivism is usually associated with qualitative research and is also
referred to as interpretivig®9) Constructivist researchers investigate,
interpret and describe social realitiés, 149)n contrast to postpositivism,
researchers guided by comngivism (constructivists) propose that reality is
subjective and socially constructed by its participants, therefore constructivist
researchers aim to rely as much as
situation being studi€tl49) Constructivis believe that individuals look for

an understanding of the world in which they work and live. Individuals acquire
subjective meanings of their experiences, and meanings focussed on objects
and situations. These meanings are diverse and multiple,adHich le
researchers to look for the complexity of interpretations instead of narrowing
the meanings into a few idéb49) Constructivist researchers recognise that
their backgrounds, cultures and experiences shape the way they interpret the
meanings, sti¢y generate a theory rather than starting with a theory as
postpositivists d(149)

5.1.3 Transformatism

The transformative paradigm is mainly associated with qualitative research, but

can also be a foundation for quantitative res€st®h The tansformative
paradigm provides a framework for examining assumptions that explicitly
address power issues, social justice and cultural complexity throughout the

research procesg@%1) The research contains an action agenda for reform
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that may transfam the lives of the participants, institutions where people work
or |ive and (149 The tersfermatice nesearoher uses & e
programme theory of beliefs about how the programme works and why

problems of oppression, domination and powatioathip existl52)

5.1.4 Pragmatism

Pragmatism, which has guided this programme of work, is associated with
mixedmethods research consisting of both qualitative and quantitative
research. This paradigm is relatively new compared to the parastigbeside
previously. Pragmatism was developed in response to the disputes between
guantitative and qualitative paradigms, and uses philosophy to enhance use of
both qualitative and quantitative approaches to gain a practical @8)ion
Pragmatist resehers use different methods to understand a problem (i.e.
mixedmethods), instead of focusing only on one met¥s) Pragmatist
researchers focus their attention on a research problem and then duse mixed
methods approaches to develop knowledge abqubtiiem(147) The

pragmatist researcher has the freedom to choose methods, techniques and
procedures of research to meet the purpose of the study. The pragmatist
researcher | ooks to the 6whatd and 6howd
consequences. Tk#ore, they have their justifications for mixing approaches,
and reasons for why quantitative and qualitative data need to @ %dixed
Pragmatism holds characteristics allied with both the positivist and
constructivist paradignis48, 149)

5.2 Useof the Pragmatist Paradigm to Guide this Programme of Work
The pragmatist paradigm was chosen to underpin thismexsods
programme of work because it allowed use of both qualitative and quantitative

methods to explore the research questions.

In thisstudy, the researcher believed that the pragmatist paradigm was more
appropriate than other paradigms for achieving the study aims. Pragmatism
allows researchers to be free from mental and practical constraints by the
66f orced choi ce pdoiscihtoitvoi nsym baerfldseceonn sptorsutc t i
Pragmatist researchers have the flexibility in choosing the methods and
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procedures that best fit the research question and aim. Thus, pragmatism
opens the door to multiple methods, different worldviews and different
assumptions from the other paradigi4®) The use of the pragmatist
paradigm also allowed for use of different forms of both qualitative and
guantitative data collection and analysis meft@@lsThis use of both
gualitative and quantitative methodsferred to as mixedethods, which is

further defined in Section 5.3.

5.2.1 Reflexivity
The use of the pragmatist paradigm all ow

has been describedrasearchers having an ongoingasedireness during the
reseath process which aids in making visiblerheticeand construction of
knowledge within research in order to procwmce accurat@nalyses

(156) For example, different theoretical approaches were used, the initial
gualitative strand of thisqgramme of work incorporated elements of a
constructivist grounded theory approach (see SectionGorisjuctivist

grounded theory has pragmatist r¢bd3)which maket a useful method for
evaluating a tool such as the MedsST. Pragmatism offeenthffays to

think about evaluating a phenomena and constructivist grounded theory offers
strategies for doing(57)

The grounded theory approach relies on the assumption that social reality is
constructed andherefore, the researcher is an intigramn of that reality,

which should be taken into accodunting the stage of analy$isis means

that researchers should be aware of their preconceptions and reflexivity in
order to ensure accuracy in analysing théld&During the initial stage$
qualitative data collection and analysis, the main researcher purposely did not
acquire knowledge of psychological theories, a process described as bracketing
(A59) This reflexive approach helped to en:
were explorednd data were not forced into predefined categories. Once data
collection was completenergent themes were compared against existing
implementation theories and frameworks, which led to the use of

Normalisation Process Theory (NE®P)(See section 5.Y..4
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5.3 Mixed-Methods Methodology

Creswell (2014) has defined mixathods research@sa n appr oach to an
enquiry involving collecting both quantitative and qualitative data, integrating the two forms
of data and using distinct designs thatphdg<sopbieal assumptions and

frameworks. The core assumption of this form of enquiry includes the combination of
gualitative and quantitative approaches that provide a complete understanding of the resea
problem than either using one apprdagi &)d7O)

Although adopting mixedethods methodology is challenging and time
consuming, as it needs extensive data collection and analysis, it has been
recognised as providing added value to research programmes at various levels.
At the general lelyehoosing mixethethods has its strength of drawing on
guantitative and qualitative research, and overcoming the limitations of both
approaches. At the practical level, it is an ideal method for researchers who
have the need for, or access to, both tyfpeata. At the procedural level,

adopting a mixethethods methodology is a useful strategy for obtaining a

comprehensive understanding of the research pr(zl&in

5.4 Rationale for Using a MixeeMethods Approach
The rationale for using a mixeettods approach to evaluate the MedsST was
to allow the use of a variety of methods to achieve the research aims
mentioned in Chapter Four, in summary these were to:
1 Gain an irdepth understanding of how the MedsST has been
designed, developed and implememaidnally (Study One, Chapter
Six).
1 Explore how the MedsST has been implemented within healthcare
organisations (Study Two, Chapter Seven).
1 Explore how the collected MedsST data has actually been used for
improvement within organisations (Study Thregpt€éhEight).
1 Investigate how the collected data can be aggregated and used for
medication safety research by focussing on the prevalence, nature and
causes of patients experiencing omissions as an exemplar (Study Four,

Chapter Nine).
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Both qualitative amgluantitative methodologies were required to achieve the
above aims and objectiv@fie background chapters (Chapters Two and

Three) highlighted that routine medication safety measurement within
organisations is rare, and prior to the MedsST there Hesenat tool to

collect medication safety data routinely used by different NHS healthcare
settingsCombining qualitative and quantitative approaches can enable a more
detailed interrogation and understanding of the processes involved in using
medicationafety measurement tools, which was previously an underdeveloped

research area.

5.5 Types of MixedMethods Research Designs

A number of mixednethods research study designs exist, which have been
summarised by Johnson and Onwueglfigig(see Figure 7,&heir

summary highlights that mixedthods research must make two primary
decisions: whether one wants to operate largely within a qualitative or
guantitative paradigm or not, and whether one wants to conduct the phases

concurrently or sequentially.

Time Order
Decision
Concurrent Sequential
QUAL ¢ QU
Equal QUAL + QUAN
Status
' QUAN ¢QUA
Paradigm
_ QUAL ¢ g
Emphasis
. QUAL + quan qual ¢ Q
Decision :
Dominant
Status
QUAN + qual QUAN ¢ ¢
qguan ¢ QU
Note. oqual 6 stands for qualit g
stands for concurrent, 0 ¢denot hight
priority or weight, and lower case letters denote lower priority or weig
The approach taken in this PhD programme of work is highlighted.

Figure 7.0 Mixedmethods Design Matrix(161)
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As highlighted in Figure 7.0, this programme of vea#t a sequential mixed
methods approach with a dominant focus of qualitative methods, the decision

for using this approach has been explained in the following section.

5.6 Rationale for Using Sequential MixedMethods Approach

As this research involvecttlvaluation of a novel tool, it was important to

first understand the tool, how it was developed and the proposed purpose of
the tool. This was explored using various qualitative data, including data from
previous versions of the tool, notes from steedangnittee meetings and

input from members of the steering committee group (Study One). It was then
important to understand how the tool has been implemented into practice, this
was also explored using qualitative data, but in the form of interview data to
share the subjective realities of the participants using the tool (Study Two).
Study Two highlighted that whilst participants understood the purpose of the
MedsST for helping to improve medication safety, they did not understand
how this could be done.ddating to Studies Three and Four (Chapter Eight

and Nine, respectively). Study Three explored how data had been used by
using both quantitative and qualitative data from three organisations that had
used the tool for the longest period of time. Study Fasiawuantitative

study that presented an exemplar of how nationally aggregated MedsST data
could be used to learn about medication safety. Study Four focussed on
medication omissions, which were highlighted by Studies Two and Three to be
a problematic aaeof medication safety that was a priority area for

i mprovement for participantsd hospitals.

As highlighted above, qualitative approaches were used initially in this
programme of work to understand what the MedsST was and how it had been
implemented (Stiies One and Two) this was followed sequentially by a
gualitative study informed by quantitative MedsST data (Study Three) and
guantitative (Study Four) study to explore how data were being used and can
be used. The next sections will describe the qualgat quantitative

approaches used in this research
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5.7 Qualitative Strategies Used in this Research

In general, qualitative research refers to types of research that produce findings
that were not arrived at by means of statistical procedures onedhs of
guantificatior{162) Qualitative research uses a naturalistic approach that seeks
to understand phenomena in contgpdcific settings where the researcher

does not attempt to manipulate the phenomenon of in(&883tUnlike

guantitative remrchers who seek causal determination, prediction, and
generalisation of findings, qualitative researchers seek instead illumination,
understanding, and extrapolation to similar situgli6dasAs mentioned

previously, the mixadethods approach usedhrs programme of work had

a dominant focus on qualitative approaches. Whilst the overall programme of
work employed the pragmatic approach, the qualitative strand of this
programme employed the constructivist approach in which individuals
construct knovddge based on their experiences. This means that knowledge is
socially constructed by multiple realities and may, therefore, be context and
time specifi€l65) For example, whilst the MedsST may be aiding

improvement in one setting, it may not be in @notlkewise, whilst data

may be useful at national levels, it may be less useful, or vice versa at local
levels. To account for these different realities, a-metkads approach of

data collection was required to understand the realities constructedeout

experience of different participants in this programme of research.

The majority of studies in this programme of research are based on qualitative
research. A qualitative approach was considered an appropriate method to
address the objectives. Erample, qualitative research allowed for participant
selection that involved purposeful sampling, prioritizing inclusion of
informationrich cases from which one can learn much about issues of central
importance (see Study Three, Chapter Kighit) The qualitative

documentary analysis and the theoretical underpinnings of the qualitative
strand of this programme of work have been discussed in the following sub

sections.
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5.7.1 Qualitative Documentary Analysis

Study Onenvolved a qualitative documentamglysithat enabled the

researcher to build a narrative about how the MedsST was designed, developed
and implemented. This involved useanfoussources ofjualitative data,

including data frorh6versions of the tool, notes from steering committee
meetings and input from members of the steering committee gheupse

of these multiple sources of daltawed triangulationFor example, changes
identified between versions of the MedsST could be investigated using meeting
notes to understand why tlemcurred and this could be confirnbgdalking

with members of the steering committee involved with the changes. Examples

of such changes are given as PDSA examples in the Tables of Study One.

The use of documentary analysis fisistindy was partialy beneficial for a
number of reasonB.ocuments are often the only source of data at an early
stage of a healthcare innovation and they do not present the problems
(practical, ethical, interactive) associated with research involving human
subjects of mearch which can be thm@nsuming to overcon(&66) On the

other hand, documents about the development of a healthcare improvement
tool such as the MedsST, are often partial or superficial, representing plans
rather than realitie€.66) The scope fomalysis can therefore sometimes be
limited and subjecti{@66) However, the researcher used a reflexive approach
and worked with a variety of the MedsST steering committee group members
to overcome any subjectivity and to ensure that a range of pers adactut

the o0design, devel opment aasohglei mpl ement at |
narrative that all contributors agreed on.

5.7.2 Underpinning Theories for the Qualitative Strand of Research

A theory refers to 6a seandprincipesoncepts, d
i nterrel at ¢gIb7)Theoriesaim to explairhaad péedict

phenomen#él68) As the use of the MedsST is a novel research area, the initial

theoretical underpinning of this programme of work was derived from

grounded theory (Semt 5.7.2) which was used to develop themes which were

later found to overlap with the four domains of NPT (Section 5.7.3).
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5.7.3 Use of Grounded Theory

The initial qualitative component of this study used elements of grounded

theory. Grounded theoryhla been defined as a o0gener al
developing theory that is grounded in data systematically gathered and

anal §1682pUsing a grounded theory approach is particularly helpful for

evaluation of tools, such as the MedsST, and allows resdarbbhyr staff

and decision makers understand how a programme functions and why it

functions as it do€447) As the MedsST tool was a novel tool, elements of

grounded theory were used to develop themes generated for the qualitative

data in the sense thhe initial themes developed were grounded within the

collected data that was collected using an inductive process.

As mentioned previously, during the initial stages of qualitative data collection
and analysis, the main researcher purposely diduiot aogwledge of
implementation theory, a process described as brafke@inghis approach
allowed greateeflexivity Bracketing occurred to ensure the true meaning of
data were explored and data were not forced into predefined categories. Once
datacollection was completenergent themes were compared against existing
implementation theories and framew¢tk®) It was found that there was

strong resonance between the data, emergent themes, and the NPT constructs,
and it made sense to extend trayaical process by mapping the emergent
themes onto the four NPT constru($§9, 170)Therefore, NPT was used for
Studies Two and Three.

5.7.4 Use of Normalisation Process Theory

After the constant comparative method was used to analyse data, which wer
constantly compared with earlier collected data, to form the themes grounded
within the data. The second stage involved a deductivediieenyanalysis
of the dataThe constructs of NPT, and the relevant themes from the thematic
analysisEEmergent temes from Study Two data mapped onto the four NPT
constructs. The constructs of NPT and the relevant themes from the thematic
analysis are presented Table B.1 of Study Two, Chapter Seven, alongside
working definitions of the NPT constructs for this sjpggrbgramme of
work.
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It was identified that the use of the tool required further research, leading to
Study Four which extended the use of the NPT themes related to use of the
MedsST and its data (Table C.2, Chapter Nine).

Previous quality improvememaluation research has suggested it is not just

about assessing whether a programme is 0\
system behind a programme is assessed, as it is crucial to understand how and

why programmes wo(k23) In terms of evaluatinge MedsST, looking at

the system includes looking at how the activities involved using the MedsST

are linked to improvements in medication safety, and how specific contexts

interact with use of the MedsST.

Understanding the system behind a programvitalito advancing the

science of improvement. Implementing an initiative, such as the MedsST, over
a wider region, simply because it is successful at reducing harm in some trusts,
without understanding the social processes and mechanisms that produced the
outcomes, can lead to a waste of resources, money ai@ 3jifethe

programme is extended to other healthcare organisations without
understanding what makes it successful, new users of the programmes will not
know what must be done to make the progetiective or how they should

direct their efforts and resources. If the social processes are not investigated, if
the program does not result in improvement in other trusts, it is difficult to

know why this is and whether this was due to faulty the®myrgng thing

was done), flawed implementation (the correct thing was done, but in the

wrong way), or some combination of bdi?3)

5.8 Quantitative Strategies Used in this Research

Quantitative research allows the researcher to familiarize himyiidrsbi
problem or concept to be studied, and perhaps generate hypotheses to be
tested. In quantitative uses, data that are in the form of numbers that can be
guantified and summarised and final results are expressed in statistical
terminologie$163) As this programme of work assessed a tool that surveys

patients, it was deemed necessary to use collected data to conduct survey
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research. Survey research is a type of quantitative research that can be
conducted to provide a quantitative or numeric desaorgdta population, by
studying a sample of the popula{i49) One of the stated aims of the
developers of the MedsST was to develop a tool that provides baseline
measurement of medication safety issues and use data for impr@3ament
and the possility of this was explored in Study Four (Chapter Nine) by using

aggregated MedsST omissions data as an exemplar.
5.9 Key Issues in this Programme of Research
A number of issues arose during the programme of research, which have been

discussed in the ssbctions below.

5.9.1 Reliability and Trustworthiness of the Research

Reliability in quantitative research refers to gaining results that are similar,
consistent, regardless of the number of times the method is rép&gted

The statistical tests andthozls that were used in the quantitative methods
(Studies Three and Four) were repeated with the same data set to ensure and

checked by other members of the research team to ensure accuracy.

As the term O6reliabil i ttgstingrepeatafilitya nt i t at i v
it can be an irrelevant measure in qualitative re€e&2§dnd demonstrating
6trustworthinessdé of qualit d65)Ilve resear cl
has been stated that trustworthiness in qualitative research rietateset a

particular study does what it is designed (@ #8) Trustworthiness in this

programme of research was demonstrated using a number of methods. In

Study One a variety of members of the original steering committee were

collaborated with to enguaccurate reporting of the design, development and
implementation of the MedsST. In Study Two, several interviews were

conducted, which were audézorded and transcribed verbatim by the

researcher or a University of Manchester approved transcrédveiews were

conducted until data saturation was reached, themes were compared to

previous implementation theories and the supervisors also confirmed and

developed the findings. In Study Three, qualitative data were compared against

guantitative data to ofirm and explore the emerging findings. Although
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interviews took place in Study Three they were not recorded, as frontline staff
in Study Two had indicated they were more comfortable with discussing use of

data for specific incidents, such as judiciairies| if they were not recorded.

An audit trail was recorded for all three studies with qualitative components

(Studies One, Two and Three); this included management of collected data,

noting how data were collected and how themes emerged from tioe data,

ensure consistency and demonstrate dependability in the research. In addition,

members of the research team for each study conducted peer examination to

check the plausibility of emerging themes and interpretation of data. For
example, when conduct8g udy Two (Chapter Seven), the
supervisory team reviewed data and emergent themes to ensure consistency

and reliability. Furthermore, the published qualitative studies have undergone

peerreview.

5.9.2 Ethical Issues

A number of ethidassues were considered during the design and conduct of

this programme of research. These incl ud:
coercion and the confidentiality of the individual participants, and the

organisations that they were from. Some of tearasdid not require ethics

approval as it involved secondary analysis ofagpess data, or constituted

service evaluation, however, university ethics approval was obtained for the

interviews that required it (Appendix 5.0).

To ensure ethical reseaislconducted it is important that research

participants are fully informed about the purpose of the research, risks

associated with their participation and how research data will (i& 4s&d

ensure this, all potential participants who were intedvigere provided with

a participant information sheet, that was sent with the recruitmaiht e

(Appendix 6.0) or provided in paper copies prior to interviews. Two

participant information sheets were used, one for MedsST Leads (those leading

the implememttion of the MedsST in their organisations [see Appendix 7.0])

and MedsST users (frontline MedsST data collectors [see Appendix 8.0]) that

outlined the aims, requirements and duration of the research, what happens to
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the data collected and, if participghtange their mind after data has been
collected, how confidentiality is maintained, where the research will be
conducted and details on what to do if the participant experiences any issues
regarding the research. Potential participants were also ghpgotheity

to contact the researcher if they had any further enquiries before committing to
their involvement. This ensured participants were not coerced into
participation and that they had the freedom to decide whether they would like
to participate onot. Participants were asked to sign consent forms (Appendix

9.0) or provide verbal consent prior to interviews commencing.

It was also vital to ensure that confidentiality was maintained by keeping

manual and electronic data secure. Data were saféguaahepliance with

faculty procedures from the University of Manchester. All interview data

collected in Study Two were recorded on an encrypted Dictaphone and were
transferred to the researcherds universi:
encrypted ancecordings were deleted from the Dictaphone. Notes from

interviews in Study Three were only shared between the research team, and the
participants who had been interviewed were sent their own data to clarify the

accuracy and meanings in the notes.

Polgamnd Thomas state that othe risks of id
are increased in the study of small, specialispd@ulbtions and in

gualitative studies where direct quotation of the words of the research

participant may be used in the pubticati§¢14) Participant names in Study

Two and Study Three were anonymised by marking them with a pseudonym or

reference number. In Studies Three and Four, any data, such as colleague

names that were accidentally mentioned by the participant weremikleted a

have been replaced with ellipses (€é&) in |

5.9.3 Ethical Approvals

Studies One and Four did not require any ethical approvals, as they did not
collect data and only involved secondary analysis of anonymous data. Studies

Two and Thee recruited various NHS staff who were involved with either
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leading the implementation of the MedsST, using the MedsST to collect data
or using the data collected by the MedsST.

Using the NHS ethics tool, it was confirmed that Study Two did not require
NHS ethical approval. Instead, it required University Research Ethics
Committee (UREC) approval, which was obtained from The University of
Manchester Research Ethics Committee 3 on the 25th November 2015

(reference number 15479).

Study Three did not regaiiapproval from either an NHS Research Ethics
Committee or the university's Ethics Review Panel because it involved service
evaluation rather than research. This wa:

Research Practice Governance Manager.

The university usdise following criteria for determining whether service

evaluations require ethical review:

A oData are collected without personal i
asked for confidential or sensitive information, the issues being researched are

not likely to upset or disturb participants.

A The research involving interviews with participants on subjects deemed

to be within their professional competen:

The work reported here meets the above criteria and sought to evaluate an
existing service. Nongenal or upsetting questions were asked and the
MedsST does not collect patigl@ntifiable data. Verbal consent for

interviewing was obtained from all participants.
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SECTION THREE: INVESTIGATING HOW THE
MEDICATION SAFETY THERMOMETER HAS BEEN

DEISGNED, DEVELOPED AND IMPLEMENTED

NATIONALLY AND LOCALLY WITHIN
ORGANISATIONS
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Section Three Introduction

Section Two provided background about the main paradigms used in research
(Section 5.2), and a rationale for the pragmatist paradigm used in this mixed
method programme of work (Section 5.2). Furthermore, the various designs

of mixedmethods research were summarised, and the use of the sequential
mixedmethods approach was rationalised (Section 5.4). The theories used
throughout this programme of work wesmalescribed, including grounded

theory and NPT (Section 5.7). Methodological issues and ethical considerations
in this programme of research were also highlighted.

As this thesis is presented in the alternative format, this section (Section Three)
and tle next section (Section Four) present the four research studies
conducted in this programme of work as
article has stated the specific methods used within the study. In summary:
1 Section Three explores how the Meds#3Tbeen designed, developed
and implemented into practice and includes Studies One and Two
(Chapters Six and Seven, respectively).
1 Section Four explores how the MedsST and its data can actually be
used to for medication safety improvement and inclugiesSthree

and Four (Chapters Eight and Nine, respectively).
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Learning from the Desgn, Development and Implementation of the
Medication Safety Thermometer

Paryaneh RostaimMaxine PowérAbigail Harrisoih Kurt Bramfitt, Steve D.
Williams? Yogini Jaft, Darren M. Ashcroft, and Mary P. Tully

1 Manchester Pharmacy School, ensity of Manchester, Manchester
Academic Health Sciences Centre (MAHSC), Oxford Road, Manchester,
UK.
2 Haelo, Salford Royal NHS Foundation Trust, Stott Lane, Salford, UK.
3 University Hospital of South Manchester NHS Foundation Trust,
Southmoor Road, Wythérasve, Manchester, UK.
4 Pharmacy Department, University College London Hospitals NHS
Foundation Trust, Euston Road, London, UK.
5 UCL School of Pharmacy, Brunswick Square, London, UK.
6 NIHR Manchester Primary Care Patient Safety Translational Research
Centre, Wiversity of Manchester, Oxford Road, Greater Manchester, UK.
Abstract:
Quality Issue: Approximately 10% of patients are harmed by healthcare, and
of this harm 15% is thought to be medication related. Despite this, medication
safety data used for improverngurposes are not often routinely collected by
healthcare organizations over time.
Initial Assessment:A need for a prospective medication safety measurement
tool was identiped.
Choice of Solution:The aim was to develop a tool to allow measurement and
aid improvement of medication safety over time. The methodology used for
the National Health Service (NHS Saf ety Ther mometer was id
approach. The resulting tool was named t |
Implementation: The development of the Medication Safety Thermometer was
facilitated by a multidisciplinary steering group using a P|&tuby Act
(PDSA) method. Alpha and beta testing occurred over a period of 9 months.
The tool was ofpcially launched in Octob
improved until May 2016 using ongoing user feedback.
Evaluation: Feedback was gained through pamoaline forms, and was
discussed at regular steering group meetings. This resulted in 16 versions of the
tool. The tool is now used nationally, with over 230000 patients surveyed in
over 100 NHS organizations. Data from these organizations are openly
acessible on a dedicated website.
Lessons LearnedMeasuring harm from medication errors is complex and
requires steps to measure individual errors, triggers of harm and actual harm.
PDSA methodology can be effectively used to develop measurement systems.
Measur ement at the point of care is benef
is vital.

Key words:medication errors, harm, measurement, PDSA
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Quality Issue

Approximately 1 in 10 patients are harmed by health@@rdt[is thought

that 15% of these has are associated with medication related incidents [3],
which remain the single largest source of repetitive healthcare error [4].
Despite these statistics, there is a lack of tools to routinely measure medication

safety in healthcare organizations awey. t

Initial Assessment

Previous research indicates that harm to patients involving medication is often
preventable [5]. Therefore, interventions aimed at reducing medication errors
have the potential to make a substantial difference to improvingsadeitnt

[3]. In order to prevent medication errors and reduce the risks of harm,
organizations must detect and measure errors [6], and analyse the information
collected to understand what is happening and why. Medication errors are
currently undereported often because they are corrected before reaching the
patient [7]. Nonetheless, the small proportion of errors that do reach the

patient may potentially cause severe harm, including death [8].

Most medication safety data are obtained through eitlaechestedies or,

more commonly, voluntary reporting. The latter has been the mainstay of

| earning from medication safety incident :
Service (NHS). However, voluntary reporting underestimates &r2dr §8d

even though theumber of reports has continually increased since the

National Reporting and Learning System (NRLS) was established [13], the

numbers and quality of reports from individual organizations remain variable

[12]. Data collected for research studies are niabderéhan voluntary

reports and can be used for | earning O6an:¢
collection methods are rarely used in practice, as they -@wensomaing,

labourintensive and expensive [14, 15]. Hence, they are not sustainable or

practicain the long term for busy healthcare environments.

Previous literature has suggested that it is time to review and update data
coll ection methods with o6fresh eyesdo [ 10]
commissioned Haelo (an independent innovation and impra\saneece
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centre hosted by Salford Royal Hospital NHS Foundation Trust) [16] to
explore whether the NHS Safety Thermometer approach could be applied to
collect medication safety data, which could be used for learning and
measurement, and to support orgaiumns in decreasing the risk of harm

from medication error over time.

Choice of Solution

The NHS Safety Thermometer, developed in 2010 as part of a national safety
improvement programme in England, is a tool that has enabled organizations

to collect dat on common harms on 1 day each month and to track

improvement over time [17]. The original NHS Safety Thermometer measures

harm from pressure ulcers, falls, venous thromboembolism and urine

infections in catheterized patients. It also provides a compeasiare of

Ohar mrferreae@®@ pn@ed as the absence of the me

Following the national rollout of the Safety Thermometer specialist groups

and frontline teams identiped that this |
additional patient s adf eSayf eitsys uTehse.r nioonuert elr
were developed for maternity, mental health, children and young people and,

the subject of this paper, the Medication Safety Thermometer (MedsST).

A national multidisciplinary steering group was commissioned by NHS

England and fadéted by Haelo. This group initiated the development of the

MedsST, an instrument that aimed to support local measurement of harm from

medication, and related improvement. The MedsST also needed to allow for

data to be aggregated and assessed at raggbnational levels, in line with

the NHS Outcomes Framework, which requir

medi cation errors causing serious har mdo |

The steering group adhered to the Safety Thermometer design principles, that
the tool would: havedincal 'y valid depnitions, be efp)p
the patient is treated, provide immediate access to data over time, measure all

harm experienced by the patient regardless of preventability, measure harm at
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the patient level enabling a compositemeas of O har mfreed care &
to aggregate [18, 20].

Approach to Implementation

A plan for developing the MedsST was constructed using a driver diagram

framework (Figure A.1). Alptesting (from January 2013 to March 2013)

involved very early testith eight alphaites in Greater Manchester and one
alphasite in London.Betaest i ng (0t he pilot phased) r a
September 2013. In addition;m@nth regional Commissioning for Quality

and Innovation (CQUIN) payment target was intreddiom April 2013 to

March 2014 to incentivize the Greater Manchester organizations to continue
testing the tool. CQUIN targets are used
baseline funding for organizations in the NHS [21]. Participation in the beta

testirg phase was open to all organizations and led to 43 sites joining the pilot

phase. The national rollout of the MedsST occurred in October 2013 and

collection of feedback for improving the MedsST has continued.

Agreeing on Operational Depnitions
It was deided to focus on harm due to hrggk medicines and develop

measures of harm related to errors involving these (TalBl&s3p.1

Technical Development
Initially, a papebased prototype instrument was tested in-al{gs data
were entered into a spdsheet andraailed to Haelo. Monthly feedback was

used to design the next iteration of the form.

Guidance for Instrument Use and Data Collection

Safety Thermometers have been designed to be used as part of routine
healthcare, in acute and communitingstto encourage continuity of care
[22].

The NHS Safety Thermometer data collection is made at the point of care by a
healt hcare professional whoperf@msi ews t he |
a physical examination where necessary. For examplesdnee of a
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pressure ulcer, when the skin is inspect
Safety ther mometer. Early discussions bel
tests of change revealed difpculties wit
harm fom medicines. In particular, harm from medication may not be

apparent at the time of review. This 6un:q
required a stepped approach to measuring error and harm. This characteristic is

unique to the MedsST and differeasiat from the original NHS Safety

Thermometer.

Guidance documents were developed to support teams in testing the tool [20].

It was recommended that Step 1 data (process errors) were collected by nurses,

and Step 2 data (triggers of harm) by pharmatibtaurses together. The

third step involved a multidisciplinary
occurred. In hospital settings, this would involve at least the nurse, pharmacist

and junior doctor looking after the patient on the ward, anddortiraunity,

this may involve a phone call from a nurse or pharmacist to the GP overseeing

the patientds car e.

Feedback and Satisfaction with the Instrument

The main methods of feedback to the steering group included: monthly
meetings via a virtual cordecing platform, monthly surveys and regular

phone calls andmeails with volunteers who had tested the tool. The data
collected using the tool, and the feedback and satisfaction data were discussed
regularly within the steering group. Once changes vesd,agnew version

of the tool was circulated. The development team hypothesized that, with
increased satisfaction and ease of use, the number of patients surveyed and the

number of organizations using the tool would increase.

Ethics

Data were collectddr NHS service improvement rather than research;

therefore, research ethics committee approval was not required. No patient

identi pable data were collected. The dat :
routine care, therefore causing no burden to padmhthe burden on the

staff was evaluated using surveys and i d:¢
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PDSA Testing and I nstrument Repning
Safety Thermometers have been developed using improvement science, in
particular, Plan, Do, Study, Act (PDSA) cycles, which providetarstfor

iterative testing of changes to improve quality systems. Each measure and

depnition included was developed using ni

To date (May 2016), there have been 16 versions of the MedsST with multiple
small changes per version, with gacsion tested ford3 months. Version 16

has now been used for over a year, with no current plans for Version 17.
Version 16 includes subversions for acute and community settings. The most

recent version of the MedsST is availablevinom.sfetythermometer.nhs.uk

[23.

Agreeing on Operational Depnitions

In order to measure outcomes of harm from medication, proxy measures were
identiped, but early tests revealed that
clinically valid depnitionserrooMs har m. Attt |
complex due to several factors. For example, there may be some time between

an error occurring and the harm being apparent (such as omission of an
anticoagulant) or it may be difpcult to
the harm (such asnfusion due to opiate overdose, which could also be due

to a competing cause, for instance, a severe infection). To ensure only a

manageable proportion of the most High patients were triggering Step 2,

each operational d d¢imes (Table A.D).nn addéien, r e pned s«
process measures that may indicate potential harm were also focused on

including medication omissions, allergy status and medicines reconciliation

completion.

Technical Development
As the number of users increased, aneowérsion using SurveyMonkey®
replaced the spreadsheet method. Once feedback indicated that the form was
suitable, online platforms were developed, including a dedicated web tool and
an application that could be used on phones or tablets, which aésib allow
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of yine data collection. This reduced the
feedback suggests most organizations take <2 minutes per patient (excluding

interruptions and when Step 3 is triggered).

Recommendations for Use and Observations of Use

Throud testing, the steering group agreed a recommended sample for data
collection: all/l patients on pve surgical
hospital, on the same day each month and all patients (up to 200) in

community settings. However, organizationsl @halose to scale up their

collection sample over time. Suggested dates for data collection were published

in the MedsST guidance [20] and were used by the majority of organizations.

Feedback from surveys and observations revealed that data haviebtieh col

by a variety of professionals (Tables A.1 and A.2). Anecdotal feedback
suggested in some, but not all organizations, Steps 1 and 2 data were regularly
analysed at ward and senior management levels. For example, at some sites,
MedsST was analysedé® which wards were showing most improvement.
Additionally, not all organizations have used Step 3 and, when it has been used,
there have been challenges with completing it at the point of care. In hospitals,
for example, the patient surveyed may hdavbhdefiard by the time the

huddle could be arranged. In those organizations that have used Step 3, it has
encouraged voluntary incident reporting of harm to allow local investigation

and identipcation, in turn promoting a c.

Feedbackand Satisfaction with Instrument

Virtual conference meetings allowed users and developers to discuss and
suggest improvements based on testing and learning. It was often highlighted
that organizations were experiencing similar problems, for exammeygrobl

with high numbers of referrals from Step 1 to Step 2, due to eoals@ae
medication posturgery (Table A.2). There has been a steep increase in the
number of hospitals using the Web tool and, more recently, the mobile
application. Some hospitalsénatopped using the MedsST. Anecdotal

feedback suggests some hospitals have stopped using the MedsST due to lack

of time and resources.
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Setting
The MedsST has predominantly been used in secondary care hospitals;
however, has also been used in commutiiygs, including community

hospitals, domiciliary care and nursing homes.

Lessons Learned

Repeated PDSA cycles conprmed that attril
a single time point is highly complex [4, 9], and it is necessary to use different

steps to observe errors, triggers of harm and actual harm. The original plan was

for the MedsST tmvolve a simple bedside point of care audit, similar to the

NHS Safety Thermometer, which focused on harm as an outcome of

medication error. However, the resulting instrument extends this and focuses

on both potential and actual harm due to medicatipn [1

Adverse events are often multifactorial, and it can be challenging to attribute

harm to a medication [9]. By using a number of steps, this complexity was

partially addressed, as only those patients that triggered potential harm

indicators were invégated for actual harm. Previous tools, such as the IHI

global trigger tool, have demonstrated the need for using numerous steps [4].

Although various steps are required, trigger tools must be-antime

resource f pci ent as pos sstubyl using[th2 Bllglo2ab] . A pr ev
trigger tool for Adverse Drug Events (ADES), reported that 20 minutes was
required to screen a single patientds r1 ec¢
pharmacist to spend chelf to one day per site retrospectively ravwjeav

random sample of charts that contained triggers [26]. The study uiecha 39

ADE trigger tool and only nine of the 39 triggers used accounted for 94.4% of

ADEs detected [26]. Focusing review on triggers more predictive of an adverse

event, as the &IsST does, is a better use of resources and may be more likely

to improve patient safety [25, 26].

PDSA methodology can be effectively used to develop a measurement system
As previous research has suggested, it i

on with itd to assess the outcomes and th
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i mprove a system [27]. However, this shoi
and requires an efpcient plan, which may
indicated in Table A.1,sothee pni t i ons were expanded and

the original depnition over several versi

is difpcult to know their impact.

The overarching aim to develop a tool to allow measurement and aid
improvement of medicah safety over time was achieved. Feedback from
organizations using Step 3 suggests the MedsST triggers have been useful to
identify actual harm from higisk medications, and may have contributed to
increased incident reporting and encouraged multidagipeamwork.

However, the focus on actual harm was expanded to also include potential
harm (using process measures) and some organizations have focused on
potential harm only. Although the focus of the MedsST may differ to what was
originally plannethe PDSA cycle approach is quality driven and learning
from O60failedd tests is equally as import
the most valuable lessons are learnt from failure, which enables course
correction [28].

Measuring medicationerrordand r m at t he point of care 1is
multidisciplinary approach is vital. The data collected and analysed provide a

baseline to establish whether further improvement work impacts medication

safety and if it is maintained [12]. The simple acledtony data should not

be underestimated and, as data are mainly collected at the point of care by the
multidisciplinary team (MDT), this process alone may help to improve safety

culture and awareness at a local level [29].

Although more complex thant&ipated, it was possible to collect similar
medication safety data in different settings. Testing revealed that the MedsST
needed to be different in community and acute settings, as the resources in

each setting are considerably different.
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Lessons Leaned from the Data

The focus on medicines reconciliation helps to improve continuity of care

between healthcare settings [22]. Some of the medicines reconciliation rates

observed from the national MedsST data are similar to rates from previous

research.d example, national MedsST data show that ~73% of patients are

having medicines reconciliation within 24 hours (FAgur@ a) . Thi s pgur e i
similar to pndings from a previous study
rates in one UK hospital (n = 70%) [30]. The aforementioned data, however,

indicate that the standard of 95%, previously suggested by the National

Institute br Health and Care Excellence for medicines reconciliation within 24

hours [30, 31], is not being met. Organizations should be encouraged to use

the MedsST when assessing further improvement work to increase medicine

reconciliation completion rates.

Othe MedsST data have varied from data collected in previous research. For
example, MedsST data suggest 22% of patients have at least one dose omission
per day (Figure A.2b) and 5.7% of patients experience an omission of a critical
medication (Figure A.2chdse omission data are lower than omission rates
from previous research studies, which estimate that 80% of patients have an
omitted dose [32]. This variance is may be due to a number of factors such as
whether studies measure the rate of omissions ef dosiee rate of patients

with omitted doses [33]. Other reasons include: studies examining different
drug classes or whether data are collected from electronic prescribing and
administration systems, which have the potential to impact omissions and
identifying the rate of omissions [34]. Therefore, standardization of how
omissions are measured is required and in the context of the MedsST, local
improvement has been encouraged, rather than comparison between

organizations.

Lessons learned from the datavmle many opportunities for further
improvement work, which can be presented in a variety of ways. The Pareto
Chart in Figure A.2d shows that 80% of critical omissions were with only two
of the four critical risk medications (amfiectives and opioidsljherefore, the
most parsimonious approach of reducing omissions may be to focus
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improvement efforts on reducing omissions ofilaf@ttives and opioids in

the prst instance.

Data collected by the MedsST are presented in run charts on the website [23].
This allows users to study variation in data over time and understand the
impact of changes with minimal mathematical complexity [35]. The run charts
make data accessible and understandable to a range of different healthcare
professionals. Special caws@tion occurred in August 2014 (Figure A.2b

and c), when there was a decrease in the number of omissions coincident with
the introduction of Version 16. This was due to a change in the way omissions
data were coll ected anwderteheprospte riantpiloenmaeln t
in Version 16 (Table A.1). To address this, further guidance and support was
provided to organizations. This was done by producing additional guidance
and providing support via group WebExes, andosore phone support to

certain oganizations. The data stabilized from September 2014 onwards,

suggesting that challenges with data collection had been somewhat resolved.

Over 230000 patients have been surveyed using the MedsST in over 100
organizations (June 2016). As the numbetiehmasurveyed using the

MedsST has increased, the denominator for each of the medication safety
measures is larger, which has reduced variation. A decrease in variation
occurred in early 2015, as illustrated in FiguraAr2danuary 2015 the

number 6 patient surveyed was 7425 compared to 5271 patients in December
2015. Furthermore, the hypothesis, that the number of organizations and
patients surveyed would increase as the satisfaction and ease of use increased,
was correct. This is also suggesteédebfact that the majority of Greater
Manchester organizations chose to continue using the MedsST, despite no

longer receiving CQUIN payments after April 2014.

However, some organizations have stopped using the MedsST. Detailed
analysis of such casewasranted for further learning. Individual
organizational data published online [29] demonstrates that, despite the
constraints of using a tool that is relatively new, some organizations have
improved [29]. This suggests that solutions to common prabégnexist in
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the user community. Certain MedsST users, who are positive deviants, may
have knowledge that can be generalized and, if the solutions have been
generated within the MedsST user community, they may be more readily
adopted in other organizatidB6338].

Suggestions for Future Work

Further research is required to explore how the MedsST is used in practice and
to evaluate its utility. A mixetethod approach may be suitable for this.
Investigation of variance in the use of the MedsST is wayfanexample,

to explore the barriers preventing some organizations from using Step 3.
Investigation of variance of the actual MedsST data is also warranted. Lessons
can be learnt from organizations who have shown improvement in their
MedsST data. The @itive deviance approach may be useful to explore how

the MedsST can successfully be used for improvement.

Conclusion

The MedsST provides a repned methodol ogy
and its improvement over time. The PDSA approach has beangéyti

helpful in developing the tool. The increased engagement may be due to the
repnement of the tool relying on regul ar
however, further research is required to ascertain this. The MedsST is

inherently practical and etsyse, and has been used by over 100 healthcare
organizations across the UK. To the best of our knowledge, it is the only tool

measuring medication safety on a monthly basis. Data collection has led to

demonstrable improvement in some organizationspball,nindicating the

need for further development and evaluation.
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Study One Figures

Figure A.1: Project Plan Framework Adapted from Power et a{18)
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Figure A.2: Medicines Reonciliation and Omissions Data over TwentyFour Months
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