A needs-based approach
to patient-relevant
information delivery

Paulina Stehlik

B. Pharm (Hons), GCPP

A thesis submitted for the degree of:

DOCTOR OF PHILOSOPHY (PhD)

June 2014

Centre for Medicine Use and Safety,
Faculty of Pharmacy and Pharmaceutical Sciences,
Monash University, Melbourne, Australia

& MONASH

— University



Notice 1

Under the Copyright Act 1968, this thesis must be used only under the normal conditions of
scholarly fair dealing. In particular no results or conclusions should be extracted from it, nor should it
be copied or closely paraphrased in whole or in part without the written consent of the author.

Proper written acknowledgement should be made for any assistance obtained from this thesis.



ADDENDUM

Page 6, after “and sedative burden tools such as the Drug Burden Index(77) and CPG...” ADD:
“Electronic tools which assist in clinical decision making are known as clinical decision support
systems (CDSS).[1] CDSS encompass a variety of different tools, from diagnosis to treatment
management and imaging; all of which can influence patient outcomes.[2] The type of CDSS can also
vary widely, from simple, single user systems focusing on one aspect of the care process to multi-

user or even multi-hospital all-encompassing systems.[3]

Some CDSS provide solicited information where health professionals (HPs) actively seek advice from
the system. Examples of this type of system include MYCIN, which recommends both diagnosis and
treatment for infectious diseases based on patient symptom input, and QMR, which assists with
diagnosis of diseases in internal medicine.[2, 4] Other systems deliver unsolicited information during
usual care processes, such as prescribing or dispensing, including alerts for suggested tests or usual
doses.[3] Unlike CDSS that provide unsolicited information, systems that provide solicited
information can be standalone systems, whereas both can be integrated into other computer
systems used in health such as computerised physician order entry (CPOE) or dispensing software.[3]
Some of the primary benefits of using CDSS to help improve clinical decision making is that they are
able to simplify complex disease state management guidelines and assist in individualisation of
patient care and potentially improve patient outcomes.[3] How effectively CDSS can improve patient
outcomes is difficult to determine and needs to be evaluated on a case-by-case basis;[3] however,
there has been some considerable work evaluating individual systems and reasons for their
successes and failures (Chapter 4: Ingredients of a Successful Clinical Decision Support System:

Results from Design, Development and Usability Testing).

Overall it seems that CDSS are able to change practitioner behaviour by improving overall
practitioner performance[5] and adherence to evidence-based practice,[6, 7] decreasing medication
errors and reducing adverse drug reactions [8] and potentially decreasing treatment costs.[9] There
is also some evidence that CDSS can improve medication dosing and frequency choice, compliance
with local guidelines, decrease pharmacist interventions due to inappropriate medication choice,
and improve patient satisfaction and outcomes, [6, 10-13] although there are some difficulties
described concerning interpretation of CDSS effectiveness, due to poor study reporting and lack of
publication guidelines, as well as difficulty making comparisons because of vast differences in CDSS
purpose and design .[5, 8, 14] Despite difficulties in evaluating and comparing CDSS effectiveness,
broad areas required for successful CDSS have been defined, such as developing user friendly CDSS,

ensuring workflow integration and high quality data use in knowledge base (Chapter 4: Ingredients



of a Successful Clinical Decision Support System: Results from Design, Development and Usability

Testing).[15, 16]”

Page 6, after “...however they have been criticised for being difficult to use...” ADD: “The
exponential growth in health data means that the use of CDSS as an essential tool during clinical
decision making is inevitable;[15] however, discussion of the types of information that should be

used and displayed to best improve clinical decisions appears to be lacking.”
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Page 102 paragraph 5 after “...Conversely, if the CDSS is more comprehensive, in order to answer
specific practitioner queries, an opt-in or “plug in” that utilises patient data in the CPOE may be
more appropriate.” Add “The level of information displayed should reflect CDSS purpose and HP

requirements and should be designed in consolidation with HP end-users.”

Page 162 paragraph 1 after “multiple evaluation techniques” add “(post demonstration

questionnaire and focus group)”

Page 162, after “system purpose and study rationale...” add “A case vignette was used to
demonstrate the features of the system and how the information is presented to the user. Questions
from the audience were answered throughout the demonstration in order to clarify any areas of

confusion.”

ERRATA

Page 176 after CONCLUSION change “The tested system...” to “The demonstrated system...”



“Somewhere, something incredible is

waiting to be known”

-Carl Sagan
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Definitions

Definitions

Accredited Pharmacist
A registered pharmacist that has the necessary qualifications to provide pharmacy consultations

such as home medication reviews.

Adverse Drug Reaction
A response to a drug that is noxious and unintended, and which occurs at doses normally used in
humans for the prophylaxis, diagnosis or therapy of disease, or for the modification of physiological

function; for example, an allergic reaction to a drug at normal dosing.

Clinical Decision Support System

A decision support system that is used during the provision of health care.

Code

Any collection of computer instructions using human-readable computer language.

Drug

A substance that has a physiological effect when introduced into the body.

Decision Support System
A system that utilises one or more computers in order to assist in decision making through the

provision of information.

Geriatrician

A registered medical practitioner holds a specialist registration in geriatric care.

General Practitioner

A registered medical practitioner who holds a specialist registration in general practice.

Medical Practitioner
Those who are studying or are already registered to practice medicine under the Australian Health

Practitioner Regulation Agency.

Pharmacist
Those who are studying or are already registered to practice pharmacy under the Australian Health

Practitioner Regulation Agency.

Pharmacological agent

See drug
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Definitions

System

Any large software or program.
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Abstract

The plethora of medical studies that are published annually leaves many health professionals (HPs)
overwhelmed with new health information. To assist HPs, information from research is often
summarised and presented in a practice ready fashion through disease specific guidelines, drug
monographs, and up-date newsletters. Although these have been effective in improving the quality
of medical care, criticisms of these resources are focused on their inability to deal with complex
patients such as those with comorbidities and the aged. Resources tailored specifically to the aged
are either simplistic and do not take into account all issues surrounding complex patient
management, drug therapy individualisation and end of life care or are impractical to use at the
point of care. The hypothesis of this research was that HPs’ information needs were not currently
being met and would require the identification, development and testing of an information delivery

framework that would address their needs.

The overall aim of this research was to identify HP information needs when delivering healthcare to

complex patients, such as the aged, and was conducted in three phases.

The first phase of this research used fifteen personal interviews with key HPs (geriatricians, GPs and
accredited pharmacist) from the Melbourne metropolitan area to explore whether they felt
currently available information resources meet their needs during complex patient healthcare
delivery. Specifically it explored what HPs consider when making a clinical decision during healthcare
delivery, what resources they use to assist in decision making and what features they desire in an
information resource. Findings suggested that currently available resources did not meet HPs
information needs. Issues identified included exclusion of complex patients from the literature, lack
of relevance to the Australian environment and inability to access the literature due to lack of time
to search for appropriate information and costs associated with subscriptions. Other identified
hurdles included HPs inability to interpret and contextualise the literature and incomplete patient
information that would otherwise influence their management choices. Features that were thought
to make an information resource useful included clear formatting, simplicity, use of peer-reviewed
evidence-based recommendations, local relevance and ready access via an easy to use electronic

interface.

A new framework for delivering disease state management information to HPs that took into
account all the complexities of care but did not jeopardise clinical autonomy was designed and
developed in the second phase of this research. Past successes and failures of other electronic

systems were identified to inform the basis of system design. These fundamental elements included
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adherence to usability guidelines when developing user interface, provision of recommendations
based on up-to-date reputable information sources accompanied by rationale and additional
information links or references, identification of all important interactions clearly identifiable by
level of importance, good integration into workflow and HP involvement throughout the design and
development process. In order to take into account all of the complexities of appropriate care, the
clinical decision making process was modelled by reviewing Australian and international literature
regarding quality prescribing, medication review, disease state management and drug monographs.
Features common across all sources included making a correct diagnosis, making a decision whether
to treat a patient with non-pharmacological or pharmacological treatment, documenting care, and
reviewing progress. Common considerations that influence treatment choice can be divided into
patient characteristics and drug attributes. The clinical decision making model developed was used
to design the system framework. Issues with updating the system knowledge and subsequent
retesting were overcome by developing a business rule engine rather than coding decision making
algorithms. Clinical autonomy was maintained by allowing HPs to choose the guideline for the
system to use as the basis of decision support, as well as display of recommendations and associated

potential issues based on patient data rather than providing absolute recommendations.

The usefulness of the way in which information is provided by the system was evaluated in phase

three using ‘think out aloud’, questionnaire and focus group techniques.

Five pharmacy academics were asked to think-out aloud while using the system to make decisions
regarding the management of newly diagnosed osteoarthritis in a complex patient in order to give
insight into the usability, aesthetics and usefulness of information presentation. Although there
were some minor issues identified, overall participants found the way in which information was

displayed useful.

A validated modified computer system usability questionnaire (mCSUQ) was used to gain feedback
from pharmacists and medical practitioners regarding system usefulness after a demonstration of
the programme. The 17 question mCSUQ used a 7-point scale (1 = strongly disagree, 7 = strongly
agree) and allows for open-ended feedback to measure user satisfaction with the system overall, its
usefulness, the information and interface quality. When validated it demonstrated good internal
consistency and congruent validity. Fifty-two HPs completed the mCSUQ and were invited to
participate in focus group feedback. The system scored well on all domains: overall usability (mean
5.05, SD 1.07), system usefulness (mean 5.06, SD 1.11), interface quality (mean 4.84, SD 1.25) and
highest on information quality (mean 5.09, SD 1.24). Two HPs were successfully recruited for focus

group feedback. Results were used to confirm findings from open-ended question answers.
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Participants felt that the system interface was simple, clear and could be easy to learn but required
colour to help identify important issues. Positive aspects to the system included linking information
to patient data and the comprehensive nature of the information given. Additional information
desired included statistical information on treatment efficacy and provision of medication review
and deprescribing guidance. Major determinants to using the system included ability to integrate
with electronic health records (EHR) and use of high quality information within the knowledge base.
Barriers identified to CDSS implementation in general included lack of access to accurate and

complete patient information and inconsistent medical terminology use among HPs.

This research defines the types of information required during clinical decision-making as well
information delivery preferences of HPs. It has resulted in the development of a new framework for
delivering the information HPs need when requiring guidance during complex patient healthcare
delivery. The framework developed is universal as the clinical decision making model is based on
local and international literature. Only alterations to knowledge are required, rather than changes to
code, to reflect local practice and drug availability. Future work could expand system knowledge,
develop EHR integration capability, implement identified desired features and further evaluate the

usability of the system and whether it is able to improve quality of prescribing.
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Chapter 1: Introduction

Advances in medical care have improved the quality of life and extended the average life span by
preventing and curing disease, or at the very least alleviating symptoms, and decreasing morbidity
and mortality resulting from untreated disease states.(1) Part of this care includes the use of
pharmacologically active agents, or medications, and there are thousands of options on the market,
with more under development or awaiting approval by governing bodies.(2, 3) In addition to
medications, there are non-pharmacological treatment choices to use in place of, or to augment,
pharmacological therapy.(4) With so many choices available for any given problem, which treatment
is best? How do health professionals (HPs) ensure quality use of medications (QUM)? How can HPs

know that their choice is appropriate?

The Australian QUM National Health policy suggests an appropriate medication is one where the

following have been taken into account:(5)

e “Theindividual;

e The clinical condition;

e Risks and benefits;

e Any co-existing conditions;
e Other therapies;

e Monitoring considerations;

e Costs for the individual, the community and the health system as a whole.”

The World Health Organization defines appropriate medication use as “when patients receive the
appropriate medicines, in doses that meet their own individual requirements, for an adequate
period of time, at the lowest cost for both them and the community... (Inappropriate) use of
medicines is when one or more of these conditions is not met.”(6) Inappropriate prescribing can be

grouped under two main headings: polypharmacy or overprescribing and underprescribing.

1. Polypharmacy and Overprescribing
Polypharmacy can be defined as the use of more than one medication in a given patient.(7)
Overprescribing can be considered as polypharmacy that is inappropriate,(8) although the
two terms are often used interchangeably. Risk factors for overprescribing include the
prescribing cascade, multiple health care providers, and failure to remove medications when

they are no longer indicated.(7, 9, 10)
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Whether appropriate or not, polypharmacy is an independent risk factor for a number of
adverse outcomes. Drug-drug interaction risk increases with number of medications from
6% with two medications, to 50% with five medications and 100% with eight or more daily
medications.(10, 11) Polypharmacy is also an independent risk factor for adverse drug
reactions (ADR) due to inappropriate prescribing and for inappropriate prescribing itself.(12-
16) Other than adverse patient outcomes, overprescribing increases government spending
due to the unnecessary medication cost, hospitalisation and other health care costs

associated with ADR and medication mismanagement.(16)

2. Underprescribing
Underprescribing can be defined as “errors of omission of drug therapy likely to be
beneficial to the patient which occur for ageist or irrational reasons”,(17) and is commonly
overlooked by clinicians.(9, 18-20) Underprescribing of indicated medications increases
health expenditure due to hospital admissions and readmissions and contributes to patient

morbidity, disability and mortality.(21, 22)

QUM is one of Australia’s National Medicines Policy central objectives.(5) QUM can be defined as
selecting management that considers pharmacological and non-pharmacological options, choosing a
suitable medication when necessary and using medications safely and effectively.(5) The goal of the
National Strategy for QUM is to “make the best possible use of medicines to improve health

outcomes for all Australians”.

Despite the involvement of numerous stakeholders including the government, health educators,
health care practitioners, providers and supplies, medicines industry, consumers and the media, the
prevalence of medication errors and preventable ADR remains high. A 2009 Australian literature
review of “Medication Safety in the Community” undertaken by Easton et al., reported that
medication errors occurred in up to 88% of people receiving care and ADR occurred in up to 25%
patients, with up to 73% being potentially preventable.(23) Outcomes of ADR include general
practitioner (GP) practice visits, emergency department visits, hospitalisation or readmission, or
death.(23) Patient characteristics that increased ADR risk included female gender, advanced age,
multiple medication use (or polypharmacy), medications with a high risk of ADR, and multiple co-
morbidities.(23) High risk medications included cardiovascular, antithrombotic, antidepressant,

antiepileptic and chemotherapeutic agents.(23)

These findings are not unique to Australia. Thomsen et al. conducted a systematic review of studies

regarding preventable ADR prior to 2007 primarily from the USA but also including UK, France,
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Northern Ireland, Australia, and Denmark.(24) They found that drug classes most likely to cause ADR
included those with high prescription rates (e.g. cardiovascular, analgesic drugs) and those with
narrow therapeutic index (e.g. digoxin, hypoglycaemic agents).(24) Most notably, they found
medication related errors resulting in preventable ADR were more likely to occur during the
prescribing and monitoring phases of health care.(24) Targeting these stages of the health care

process can potentially decrease the likelihood of preventable ADR.

Patient complexity is a way of describing patient health status that not only takes into account
genetics, biological decline due to age and number of comorbidities, but also cultural,
socioeconomic, environmental, behavioral and medical system factors that impact on patient
health.(25) These are major determinants of patient care and the complexity of that care.(25, 26)
Complex patients are more vulnerable to poorer quality of care, including inappropriate prescribing,
due to health care fragmentation and associated medical costs, such as hospitalisation.(23, 27) Due
to accumulation of disease,(28) increasing number of medication use,(29) and age related changes in
PK and PD,(15, 30-32) the aged can be thought of as surrogates for “complex patients”. They
frequently also have other attributes of patient complexity including decreased adherence to

medications due to diminished cognitive function or disability.(33, 34)

In addition, frailty can adversely affect health outcomes of the aged. Although not clearly defined,
frailty is generally accepted as a syndrome involving “multisystem impairment” distinct from the
normal ageing process.(35) It has been is associated with increased risk of ADR(36) potentially due to
decreased metabolism and conjugation reactions.(37) Frailty has also been associated with poor
clinical outcomes(35) including increased risk of falls, mobility loss, functional decline, dementia,
disability, hospital admission and death.(35, 38) It is considered a better predictor for biological age
than chronological age, and in some cases more useful when making clinical discussions regarding

treatment.(39)

As complex patients such as the aged are at the highest risk of inappropriate care and subsequent
adverse outcomes, optimisation of therapy in this population group is imperative. In order to assist
with therapy choice, or measure its appropriateness, practice-ready tools have been developed
including guidelines, indicators, drug monographs, clinical decision support systems (CDSS) and

other miscellaneous tools.
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The remainder of this chapter discusses sources of information used to guide therapy choice in

complex or aged patients and is divided into four sections:

1. Practice Ready Sources that Inform Clinical Decisions
2. lIdentifying Inappropriate Prescribing for Older People (published paper)

3. ACritical Analysis of the Methods Used to Develop Explicit Clinical Criteria for Use in Older
People (published paper)
4. Summary, Thesis Hypothesis, Aims and Objectives

2.1 Practice Ready Sources that Inform Clinical

Decisions

In order to inform clinical decisions and choose an appropriate therapy, HPs are expected to practice
evidence-based medicine (EBM), a concept formally presented in 1996 as “a bottom up approach
that integrates the best external evidence with individual clinical expertise and patients' choice”.(40)
It is estimated that over 75 trials and 11 systematic reviews are being published daily; with the
guantity of medical literature published, keeping up-to-date with the “best external evidence” is
almost impossible.(41) Practice ready sources have been developed in order to assist HP in providing
evidence-based care to their patients including drug monographs, clinical practice update

newsletters and clinical practice guidelines.(42)

Clinical practice guidelines (CPG) are “systematically developed statements to assist practitioner and
patient decisions about appropriate health care for specific clinical circumstances”.(43) They have a
well-established role in providing practice-ready recommendations to HPs and are an effective way
of improving compliance with evidence-based recommendations.(44) The population group a
guideline addresses is dependent on the scope and purpose of the guideline — some may be specific
to the aged, others may incorporate age-specific considerations/recommendations within the
guideline.(45-48) Although each CPG needs to be judged on its own terms, they have been shown to
improve the quality of care, reduce inappropriate medication use, improve risk/benefit ratio of
treatment offered to patients and improve treatment economy.(46) Despite their appeal,
implementation of CPG has not been widespread. Although the level of CPG adherence in Australia
has proven difficult to estimate,(49) ten years of guideline development and dissemination
experience in the Netherlands reported by Grol, suggested that the average level of adherence was

around 67%, depending on type of CPG and its recommendations.(50)

Most criticisms of CPG have surrounded their “cookbook” nature: that they do not take into account

individual patient needs and lack guidance regarding complex patients, such as those that are aged,
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have multiple disease states, are taking multiple medications or require end of life care.(51-55) CPG
generally focus on single disease management, despite the high prevalence of multi-morbidity.(28,
33, 55) A study by Hughes et al involved the application of the UK NICE guidelines to two
hypothetical comorbid patients, one with five comorbidities and the other with two.(52) When
applied, the first patient was prescribed a minimum of 11 medications with up to 10 others that are
routinely recommended, the second patient was prescribed five medications with potentially eight
additional medications.(52) Application of CPG that are focused on a single-disease state promote

polypharmacy and complex medication regimens which may lead to more harm than benefit.(52)

These frustrations are echoed among HPs caring for complex patients. Calderon et al interviewed
Spanish GPs to identify barriers to using EBM in general practice.(56) Their findings suggested that
GPs, who equated EBM with following CPG, felt that in addition to time associated with finding,
accessing and interpreting appropriate information, that CPG did not allow for therapy
individualisation nor did they provide patient type specific information.(56) A focus group study with
Irish GPs and pharmacists explored their views on managing patients with multi-morbidity.(57) HPs
felt ill-equipped to manage multi-morbid patients and that the single-disease state focus of CPG
encouraged polypharmacy which they felt could potentially result in patient harm.(57) Another
focus group study of Dutch GPs managing patients with multi-morbidity also suggested that these

HPs felt the rigid nature of disease orientated CPG do not allow for patient considerations.(58)

The single disease state orientation of CPG may stem from the evidence available in the literature;
exclusion criteria of randomised controlled trials (RCT) indicates that high quality evidence stems
from participants who do not have co-morbidities, are not aged, and are not complex.(59) More
guidance on how to apply CPG to complex patients is being advocated.(28, 52, 55) Suggestions
include electronic cross-referencing of CPG, use of economic modelling techniques to estimate the
benefit and harm of treatments and to provide guidance from clinical experts where the evidence

base is lacking that is clearly distinguishable from recommendations based on published data.(4, 52)

2.1.1 Aged Specific Tools

There are three major types of tools used to guide or measure quality prescribing specifically
tailored to aged patients: explicit criteria, implicit criteria, and miscellaneous (indicators, guidelines,
etc.). Below are a description, brief summary and analysis of the types of tools available. These tools
are discussed in further detail in the publications forming sections 2 and 3 of this Introduction, in the
form of a general overview of these tools and their place in practice and research (1.2 Identifying

Inappropriate Prescribing for Older People), and a critical analysis of the most commonly cited tools
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in the literature, explicit criteria, and the methods used to develop them (1.3 A Critical Analysis of

the Methods Used to Develop Explicit Clinical Criteria for Use in Older People).

Explicit criteria involve the provision of concise recommendations that do not rely on clinical
judgment for implementation.(60) A literature review is often used to generate recommendations
upon which experts subsequently are asked to agree. Commonly cited examples of explicit criteria
include the Beers’ Criteria(61) and STOPP/START criteria although there are other less-well cited
examples. (32, 62-69) Using a definitive list of appropriate or inappropriate medications is a simple
way of identifying potentially inappropriate medications (PIMs); however, it is that very simplicity for
which explicit criteria have been criticised.(70, 71) A recent Australian study reporting interviews
with 21 GPs stated that dichotomous methods for identifying PIMs such as explicit criteria were not
a useful measure of prescribing appropriateness as they do not take into account the complex

interactions between patient, disease state and medication choice.(70)

Implicit criteria involve prompting the user with a series of questions in order to evaluate the
appropriateness of a medication; in contrast to explicit criteria, the user is required to use their
clinical judgment when coming to a final decision.(60) The most cited example is the Medication
Appropriateness Index.(72) Depending on the questions used to prompt the user, implicit criteria are

able to address both under- and over-prescribing.(9, 73)

Miscellaneous tools that do not fit into either category include indicators such as ACOVE,(74-76)

anticholinergic and sedative burden tools such as the Drug Burden Index(77) and CPG.

CDSS can be successful in improving quality of prescribing measured through adherence to evidence
based practice or CPG, (78, 79) decreasing patient harm and improving outcomes;(78, 80-84)
however they have been criticized for being difficult to use.(85, 86) Most CDSS are not specific to the
aged and contain information primarily applicable the general population.(85) One system
developed in Australia assists in medication review and is described below (1.2 Identifying

Inappropriate Prescribing for Older People).

Despite shortcomings, CPG and some explicit criteria can help guide choices where indicated and
decrease underprescribing. Other aged specific tools mentioned can help identify overprescribing
and drug candidates for deprescribing. Deprescribing involves the review of all medications a patient
is taking, selecting those that require removal or change in dose, and planning the deprescribing
process in conjunction with the patient and prescriber.(16, 87) Discontinuation of unnecessary
medication is generally not associated with adverse effects or disease recurrence and reportedly

results in improved mood and functional status as well as decreased negative outcomes such as
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mortality, cognitive impairment, and hospital admission.(88-92) A systematic review of
deprescribing trials using different interventions concluded that the clinical effectiveness of
deprescribing interventions and their sustainability is conflicting or lacking.(92) Larger high quality
studies such as RCTs are required to establish the best method to guide deprescribing although
there is some data regarding which medications are likely to cause withdrawal effects and which
should be tapered rather than stopped.(92) Although no comprehensive deprescribing guidelines
have been developed, there are general guides to assist practitioners on the deprescribing
process.(89, 93-96) In addition, Farrell et al. have begun the development, implementation and
evaluation of more comprehensive guides for deprescribing in overmedicated aged patients, but
have only published case studies thus far.(97-99) Results from the evaluation of these guides will go

toward understanding the best way to deprescribe medications.
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2.2 Identifying Inappropriate Prescribing for Older

People

2.2.1 Author declaration

% MONASH University
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They take public responsibility for their part of the publication, except for the
responsible author who accepts overall responsibility for the publication;

There are no other authors of the publication according to these criteria;

Potential conflicts of interest have been disclosed to (a) granting bodies, (b) the
editor or publisher of journals or other publications, and (c) the head of the
responsible academic unit; and
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years from the date indicated below:
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Date: 20/06/2014



Chapter 1: Introduction

The nature and extent of candidate’s contribution to the work was:

Nature of contribution Extent of contribution

Contributed to structure of manuscript; identification and review of 45%
relevant literature; collaborative preparation of draft and final

manuscripts.

Candidate’s signature: Date: 20/06/2014

The contributions of co-authors to the work were;:

Name of co-author Nature of Contribution

Rohan A Elliott Lead role dictating manuscript structure; identification and review
of relevant literature; collaborative preparation of draft and final

manuscripts.

Co-author signature: Date: 20/06/2014
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2.2.2 Manuscript

Identifving Inappropriate Prescribing for Older People
Eohan A Elliott, Paulina Stehlik

ABSTRACT

Older people are at misk of polypharmacy, imappropriate
prescribing  and  adverse dmz  reactions.  Feasons
inchide comorbididies, altered pharmacodynamics and
phammacokinetics, and Lmited evidence to guide dmg
therapy decisions, especially for people aged > 75 years.
Tools to assist with identifying insppropriate prescribing for
older people have been developed. The most well known is
the Beers criteriz, a list of medications that an expert panel
agreed shounld usnally be svoided. Criticism of the Beers
criteriz and limited applicability outside of North America,
led to the development of other tools and & major revision of
the Beers criteria in 2012. Since 2008, the Screening Tool of
Older Persons’ Prescriptions and the Screening Tool to Alert
doctors to Fight Treatment have gained popularity. Anstralian
inddicators and electronic decision support systems have also
been developed This amicle prowides an overview of the
tools for identifying (and avoiding) inappropriate prescribing
and their application in clinical practice and research.

J FPharm Pract Res 2013; 43: 312-19.

BACKCGROUND

Presenbing for older people can be challenging and
complex. They are more hikely to have comorbidibies and
require pmltiple medications, mereasing the nsk of dmg—
disease and dmg—dmug interactions. Physiological and
pathological changes, such 25 renal and bepatic Impanrment,
decreased mmscle to body fat ratic and decreased
homoeostzhic reserve mmpact the pharmacokinetics and
phammacodynammes of medications. There 15 often lmited
evidence to guide drmugz therapy decisions, due to exclusion
of older people or people with comorbidities from climeal
trials. These factors make older people vulnerzble to
of adverse drug reactions (ADR=)."

Orver the last 20 years there has been a focus on
identifying inappropriate prescribing for older people.
The most well known tool for idembfyving potentially
Inappropriate prescrbmg 15 the Beers antena published n
1991 * Since then, other tools kave been developed and the
Beers critena underwent a major revision m 2012,

Thes article provides an overview of the tocls for
identifying (and avoiding) inappropriate prescenbing and
thew apphcaton m climeal prachce and research.

Foksn A FElliott, BFtarm, BPharmSc (Hons), MChnPhams OGP, FEHP
Semdor Pharmacist, Anstin Eloal$h, and Chnical Semior Lectemer, Cento for
Medication T and Safery, Faculty of Pharmacy and Phameacentical Scisnce,
Momash Unirority, Pauling Seechlik, BPharm (Hom), GradCartPrarmPract,
PhD Candidate, Centre for Medication Use and Safety, Faculty of Phamacy
mmmmwmmagmtm

Corre amtiser: Eohon Fliiott, Prarmacy Dopartment, Awtin Health,
Haidalberg West Vic. 3081, Anstrakia

E-mail roham ellinthiFmstin org am

312

DEFINING INAPPROPRIATE PRESCRIBING
The terms ‘mappropriate prescrbms’ and “mappropriate
medication’ refer to the wse of a medication that 1z
associated wath sipmficant nsk of an ADE when there
15 an equzl or more effective and lower n=k altemafive
avalable (meludng presenbing po dmg)® Often these
term= a1e prefaced by the word ‘potentially’, 1e. potentially
inzppropnate medication (PIM). This reflects linmtations
of the methods used to 1denhfy mappropnate prescnbing
and that ‘appropriatensss’ of a medication for a patient 15
often a subjective construet that depends on the quality and
relevance of the evidence, viewpomts of the clmeian and
patient, and the patent’s circumstances and treatment poals.
The prevalence of PINM use m older people r=nges
from 15% to 44%, depending on the critenia used to define
FIMs and the population studied * Australian studies have
reparted similar levels of PIM use (range 19% to $0%). 5"
Sometmes a broad defmtion of ‘mappropnate
prescrbing’ 15 used, wioch mncludes falure to prescnbe a
medication when clinically mdicated, failuwre to preseribe
the most swtable and prachcal dose or dose form, and
failwre to monitor medication outcomes.’ When these are
incloded the prevalence of mappropnate preseribmg in
older people can be over 9%, '

IDENTIFYING INAPPROFRIATE FRESCRIBING
There are two methods for idenfifving mappropriate
prescnbing: maphictt review and explicit eriteria (Table 1)

Imphicit Beview

Implicit review 15 a pabent-specific assessment of the
appropriatensss of a2 medication by a chmician wath
expert knowledge of pharmacotherapeutics m the aged,
considenng its indication, effectiveness, dosage, drug—
dmg and drug—disease interactions. Limutations of this
method are that it can be fime consumung, requres a
chimeclan and aceess to clinical data, and may have low
inter-rater reliability.

Medication Appropriateness ndex

The Medicanon Appropnateness Index (MAID was
developed to standardize mmplicit review and mmprove
reliability (Table 2).'4* The MAT provides operational
defimtions and instructions for evaluating each aspect of
a presenphon, but requires expert knowledge and climical
judgement. & score can be generated for each medication
and medication repmmen serving as 3 quanbtative mezsure
of presenbimng appropnateness. The crigmal MAT did not
assess under-prescribing, so the developers created the
‘Aszzessment of Undemuhilization” (AONT) tool which can
be used in conjunction with the MAT (Table 2)."" Inter- and
infra-rater reliability of the MAT and A0 are reported to
be moderate to excellent, dependmg on the expertize and

expenience of the reviewers, *'*

Jourmnal of Pharmacy Practice and Research Volume 43, No. 4, 2013.

10



Chapter 1: Introduction

Table 1. Methods for identifying inappropriate prescribing

Some tools to identify
Method inappropriate prescribing  Advantages Dizadvantages
Implicit Medication Appropriateness  Addresses all medicarions Plequires expertdse m geraimic medicine
(mudpment-based) Index ; _ _ . . N
Addresses multiple aspects of prescribmz Variable inder-rater reliability
Dises not require regular updating Time consuming {10 min per medication)
Explicit Basger criteria Relarively quick to uss Wead regular updating
(criterion-based)* E;EOKPP%T Same eriferia do not require clinical data  Address a limited ranee of medications
! and can be applied to large prescoibing
databases
Cam be nsed as indicators of quality of Do not address all aspects of prescribing.
e e.g. duration of therapy
Cam be integrated into decision suppont Dw not ke into account patient’s clinical
sofware sitnation, e g. life expectancy

Significant variation berween the different
tools (Table 4)

May pot be easily transferable between
Coumiries

START = Screening Tool to Alert doctars to Right Treatment 5 TOPP = Screenins Tool of Older Person’s Prescriptons.
*Although explicit criteria are often used in research and quality assessments without patient-specific (implicit) review, they are generally
designed to be used in combinaton with Enplicit review in clinical practice settings.

Table 2. Medication Appropriateness Indexr*

Appropriate  Marginally appropriate Imappropriate
1 1 3

Questions

1 Isthere an indication fior the drug? Indicated Not ndicated

2 Is the medication efective for the condition? Effective Inaffactive

3 Isthe dosage cormect? Carmect Incormect

4 Are the directions comect? Comect Incoarect

5 Are the directions practical? Practical Impractical

G Are there clinically significant drog-drg interactions? Insignificant Significant

T Are there clinically significant drog-dizease interactions? Insignificant Significant

B Isthere unnecessary doplication with other drugs? Mecessary Unnecessary

9 Isthe duration of therapy accepiabla? Accepiable Nait acceptable

10 Isthis drog the least expensive alemarive compared with athers of Least expensive Maost
equal urility? ExpemEive

11  Isthere an omission of a needed dmg for an actve dizease or condition? Mo drug omirted Dirug omitted

*Original 10-itz=m Medication Appropriateness Index (MAT) plus additional item (guestion 11) to assess undsr-uidization of medicadon '+
Cruestions 1 to 10 are answered for each medication and question 11 for each active dizease/'conditon A rating of: 1 = appropriate medication
use; 1= marpinally appropriate medication use: and 3 = inappropriate use. In the onginal MAT if question | is rated as inappropnate, then &
and 10 are automarically rated as inappropriaee. Modifications te the MAT and its scoring method have been made to muprowe usability and

walidepy oL

Although the BMAT has zood face validity, there has
been mited evaluation of its predictive validity (abuhty
to predict adverse cutcomes).""” The developers reported
an association between MAT scores and health outcomes,
but did not control for potential confounders * One study
suggested that ngh MAIT scores (poor appropriateness
of presenibmmg) were associated with poor quality of
Life after adjusting for confounders * Ancther reported
no assoctafion between standard BAT scores and self-
reported ADEs after adjusting for confounders, but an
a pnion analysis of a modified (S—fem) version of the
MAT wath greater weighting applied to factors likely to
be assocated with ADE= (e.g. drup—disease interactions)
found a significant association

Another method that can be used to improve the validity
of mphert medicabon review 15 to use mdependent expert
climieans to assess cases of potenhally mapproprate
prescnbing using a validated assessment tool; ths tool is
time conswming process with vanable reliabality =

Journal of Pharmacy Practice and Fessarch Volume 43, No. 4, 2013.

Explicit Criteria

Explicit cnteria, typically developed by a process of
expert consensus, are lists of medications or dmg classes
that should nsually be avoided m older people because of
limited effectiveness or the nzk of ADE. Some exphct
criteria also include statemsents about appropnate care,
such as avoidance of under-presenbing medications with
strong evidence for beneficial outcomes and appropnate
monrtoring of therapy. Advantages of explicit cnteria are
that thew are simple, quick to apply, objective and do not
require clmical expertize. De to their ease of use, several
explicit eritena tools have been developed and widely used
in studies explorng the prevalence of PIM use (Table 3).°

EBeers Criteria

The most commenky used of these tools, the Beers criteria,
was developed in 1991 by a panel of genamcians and
pharmzcists m the USA * The onginzl Beers crtena were
designed to gude medication selection In mu=ing home

313
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Table 3. Some explicit criferia for identifying inappropriate prescribing in older people

No.of No.of No.of Size of expert Strength
Conniry FIM prescribing mopiforing  comsensms Criteria  of evidence

Tool and vear published of origin ~ criteria omisziom criteria  cTiteria panel referenced  provided
Basger criteria 2012% Anstralia 18 17 4§ 15 Soms HNo
Beers criteria 2012 UsA 53 ] 0 11 Tes Tes
French consensus criferia 20074 France EL) a [ 15 o HNo
MiLeod criteria 1997 Canada EH ] 0 32 ] Ho
WORGEP criteria 2008 Horway 36 ] 0 57 Tes Ho
PRISCUS criteria 2010% Germany £ ] 0 26 Tes Ho
STOPP and START 2008 Ireland TE 55 2 0 18 Tes Ho
ACOVE-3 2p)7=.5# UsA 16 17 7 12 Tes HNo

ACOVE-3 = Asseszing Care of Valnerable Elders, wersion 3. WORGEP = Morwegian General Practice. PIM = potentially inappropriate
medication. START = Screening Tool to Alert doctors to Right Treament STOPP = Screening Tool of Older Person's Prescriptions.

*Also inchudes process indicators (g.g. all valnerable elders should have an anmual medication regimesn review) and implicit indicators

(e.g. all prescrbed drugs should have a clearly defined indication)

residant * Theze were revized in 1997 and 2003 to facihitate
general use. ™ The 2003 entena were drided mto two
classes: medications that are mappropnate regardless of
m the presence of specific dizease/conditions. ™

In 2012, the Amencan Genatrics Soclety sponsored
2 major revision and update of the Bears centeria®’ The
revised criteria differ from earlier versions m several ways.
A more robust evidence-based approach, similar to that
used for developing prachce gmdelnes, was emploved
Draft critena were released for comment, ratings of the
quality of evidence were added. zlong with strength of
each recommendation and summanes of the studies the
expert panel used to grade and rate the medications were
made avalable. The revised cntena also melude a hst
of medications that should be used with caution m alder
people.”

The 2012 cnteria include 53 medications or dmg
classes. Medications that are no longer available m the
USA, e.g. propoxyphene, and several other medications,
e.g. shmulant laxatres, have been removed and new
medications, e.g. zolpidem have been added Other
notable addihons include ghbenclamide, benstropme,
metoclopramide, prazosin, shding scale insulin, glitazones
with heart faihwe, acetylcholmesterase mhabitors with
2 hustory of syncope, and serotomn reuptake inhibitors
with falls and frachures. Dabagatran has been hsted to be
used with caufion m people aged = 75 vears or with renzl
mmparment. *!

Cniicisms of the Beers criteria and sirmlar ‘medications
to avold” hsts have been ramsed, such as: ™"

+  inclusion of drmgs that may have a role m older pecple
despite ADF. concems, e.g. amuodarons

+  inclusion of dmgs that are not available or mfrequently
used outside the USA

+  fahwe to address other fypes of mappropnate
prescnibing, such as under-use of clinrcally indicated
medications, desing of renally cleared drugs, dwation
of therapy and dmg therapy momtonng

+  omissionof dmgs that are responsible for a signaficant
proportion  of ADREs and unplarmed hospital
admussions, e.g. warfann.

These 1z5ues lad to the development of new criteria
for identifying inappropriate presenbing in older people.
Critena that are most relevant to the Australian context
are the Screenmg Tool of Older Persons’ Prescriptions
(STOPF), Screemmng Tool to Alert doctors to Faght
Treatment (STAFRT) and Auvstralian indicators -

314

STOPP and START Criteria

STOPP compnses 63 critena addressing commenly used
PIVs and drug—dmgz and drug—disease mteractions = It
shares a minonty of entena with the Beers critena: 29 of
the &5 STOPP cntena (45%) are common or simlar to
the 2012 Beers crteria’” As well as medications that are
usually mappropriate, STOPP meludes cniteria related to
medications that have a valid mdication m older people
but are frequently associated with adverse medication
events (AMEs), e.g. warfann, opiates.

START comprises 22 crteria identifying medications
that are climcally indicated but often under-uzed, e.g
beta-blockers in chrome stable anginz, metformm in type
2 diabetes and warfanm m chrome atnal ibnllation

The STOPF/START cmtenia publizhed m 2008 wrere
validated wsing a consensus process with experts in
genatne phammacotherapy from Ireland and the UE*™
The cnteria are orgamsed according to body systems or
pharmacological groups. Each entenion 15 referenced but
strength of evidence 15 not provided.

Australian Indicators

The need mm Austraha for locally developed tools to
improve the quality of presenbimg for older people has
been raized ® Based on the UK eriteria, prescribmgz
indicators to detect nappropriate presenbmmg mo older
hospital inpatients were published m 2001 9% These
ndicators addressed under- and over-presembmg but
covered a narrow range of medications. These have not
been firther developed or updated.

Inm 2008, Basger et al™ published 48 cntena
addressing medications frequently presenbed in Anstialia
and commmon reasons that older Australians seek health
care. The criteria were based on Australian references and
puidelmes but there was no expert consensus process.
Some critena had questionable relevance to the ‘oldest
old” (aged = 80 wvears), who are at greatest nisk of ADEs.
In 2012, these mdicators were refined and subjected to 2
multdiseiplinary consensus process that led to removal
of 9 cnteria, modification of 25 cnteria and additon of
2 cmtena * Additonal mformation was added for some
criteria to assist with thew appheation in the oldest old.

The 41 Basger enteria identfy PIM:, under-presenbing
and suboptmal menitonng. Although the cmtena are
exphcit, some require climeal judgment (e.z. target blood
pressure for pattents presenbed anfthypertensives) and the
authers emphazize that they are mtended to be used by health
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professionals * The critera have had hmuted uptake 4" A
study by the developers, using the 2008 version, reported
that an average of 18 of the 48 mdicators were appheable
to 126 pahents discharged from a powate hospital m
Swdney, and that there was an average of seven mstances of
potentially iInappropnate presenbing per patient. ™
Limitations of Consensus-Derived Criteria

Explicit entenia ave usnally developed using vanabons
of the Delphi techmique, with mmltiple rounds of swvey
to achieve consensus among experts on statements zbout
medication use denved from the literature 55 4
hmitation of the Delpha techmque 15 that 1t vields vaning
rezults dependmz on the number and type of experts,
number of rounds of consultation and the way consensus
15 defined ##* This is one of the reasons for the substantial
vanaton between the explhert crtena published owver
the vears (Table 4).#4%4% Cither reasons mclude different
patient populations, different methodologies used to selact
statements for the Delphi survey, and regional differences
m medication avalability and presenbing patterns * These
differences also mean that explicit enteria are often not
transferable between practice sethngs or counfries B505
The overlap of medications meluded in different exphett
criteriz is as low as 25% #4040 This was ilushated in a
Tasmanian study that compared the Beers and Mcleod
criteria in 2345 pursmg home residents." Potentally
mappropriate prescnbing was identified in 38% of patients
based on the Beers enferia versus 19% of patients based
untheM{:Leqduiteﬁa ncnl} 10%e of patents fulfilled
both enferia’ A companison of seven exphcit critena
tuolsrepm‘bedﬂutm:lvlungmgbemdmﬂp:mand
micyclic anfidepressants were meluded m all the enteria®
Appheation of =ix explicit critena tools at a genatme
outpatient clinic m Tarwan found that the prevalence of
PIM use vaned between tools from 24% to 73%.

Other lmmtations of consensus-derrved crifena ame
that potential conflicts of mnterest of panel members are
rarely declared, and strength of evidence supporting
each critenion 15 usually not provided ¥ (Only the 2012
Beers critenia provided thes information.) Most tools do
not provide recommmendstions for safer or more effectve
altermatives when a PIM 15 1dentified, although a recent
study addreszsed ths 1ssue for some of the Beers crtenia

Reliabality and Falidin
To be used m research or climeal practice, tools for
identfying inappropriate prescribing need to be reliable
and vabd “ It 15 assumed that exphicit criteria wall have
M“Eﬂtrﬂlﬂbﬂlﬁbecmﬂl&} do not requuire judgement.
However, some crtena reque information about the
disease or problem being treated or contraindications, and
the extrachion and mterpretation of these datz may lead
to vanability. For most cntena rebiabality has not been
tested The mter-rater reliabihty of the STOPE/START
tool 15 reported to be very good, bowever reliability has
only been assessed by the tools” developers.™

Explicit enteria developed using consensus processes,
such as the Delpln teclnique will mherently have face
and confent vabdity (at least for the country and setting
for whech they were developed), however the predictve
vabidity of most explient enteria 15 uncertam *# Some
studies have reported pomfve assoclations between
and mortality, use of health services, AMEs and quahty of
Iife, whereas others reported no association *™ Most studies
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had linmtafions, such as no assessment of the temporal
relationship between presenbmg and adverse outcomes and
no admstment for confounders, e z. polypharmacy. ™

Explicit entena tend to have poor sensitmaty and
specticity when compared to mpheit review by an expert.
Stermman et al compared the 2003 Beers critena with
mdividuzlised expert review and found poor agreement
(kappa = 0.14, a level of agreement shghtly better than
chanee)# Another study by the same research teamy
compared three commonly used measures of mappropnate
prescribing: 2003 Beers crteria, MAT and polypharmacy
(defined as = § medications) and reported poor agreement
between these measures ™ MNearly half (46%:) of the
medications considered mappropriate by the Beers critena
were rated as appropriate by a clinictan using the MAT and
only 16% of medicatons rated as mappropnate using the
MAT were considered inappropriate according to the Beers
criteria * 4 recent study reported simalar fimdings ** In tare
Australian studies most patients prescenibed armtrptyline
(included m the Beers cnteria) had a potentially +vald
indication (neuropathee paim). 00

The STOPP cnteria may have better sensitivity and
predictive validity. Compansons between the STOPP
and Beers critena suggest that STOPP identifies more
instances of mappropnate presenbing and medication-
related hospital admissions, at least in Furope ™ A
prospective study of 600 patients admitted to an Insh
hospital found that the STOPP cnteria were significantly
associated with aveidable ADE-related hosmitahsation
but the Bears critenia were not * A prospective evaluation
in hospitalised patients in Ireland found that the STOPP
eritenia PIMs were more hikely to be the cause of ADR-
related hospital admussions than Beers cnteria PIMs
(91% v= 48%)." A prospectrve study of hospitalized older
pattents 1 India found that the Beers cntena were more
likely to detect FIM use than the STOPP enitena, but mest
ADFE.s were caused by drugs not included in either tool,
e.z. msulin statins, fimsemide ™

The ability of the STOPF/'START critenia to prevent
inappropriate prescnbing and mmprove patient cutcomes
has been tested " Hospriahised patients (n = 4000 were
randormsed to recelve usual care {control) or scresmmz
by a research physician using the STOPP/START critena
with recommendations provided to attendmg physicians
(intervention). The intervention group had =sigmficant
mprovements m MAT apd AOU scores at discharge
and & months, but there were no significant differences
in secondary outcomes (mortality, frequency of hospital
readmuszion or falls) ™ The Beers critena have been
similarty used to prevent mappropmate prescribimg*®
Commumity phammacist= telephoned presenbers when
dispensing software alerted them that a Beers critenia PIM
had been presenibed The PIM was changed to another
medication mn 24% of cases.

Other Tool:

ACOFVE Indicaters

The Assessing Care of Vulnerable Elders (ACOVE)
mmdicators were developed by the EAND corporation im
2000 and updated for the third tme m 2007 (ACOVE-3).#
It meludes almost 400 mdicators, of which 70 relate to
medication nse. ! This tool differs from those discussed
above because it focuses on care processes. It also inchudes
explicit enteria related to PIMs, under-presenbme and
momrtoning drug therapy. The ACOVE indicators were
developed by a process of hitersture evaluztion and expert

)
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Table 4. Comparison of some criteria from selected explicit prescribing tools

FIM:= Tool

Statements*

Anric holimergic Bears 2012
medications

STOPP 2008

Basger 2012

ACOVE-3 2007

Benzodiazepines Bears 2012

STOPP 2008

Basgar 2012

ACOVE-3 2007

Moo-henzodiazepine  Bears 2012
zopiclone, zolpidem)
STOFP 2008
Basgar 2012
ACOVE-3 2007
Nitrefurantoin Beers 2012
STOFP 2008
Basger 2012
ACOVE-3 2007
Srating Beers 2012
STOFP 2008
Basgar 2012

ACOVE-3 2007
Sulfonylureas Bears 2012
STORP 2002
Basger 2012
ACOVE-3 2007

Metoclopramids, Bears 2012
prochlarperazine

-Awoid with delirium, dementia or cognitive impairment

-Awoid with chromic constipation

-Awoid in men with lower urmary mact sympioms, including benizn prostatic hyperplasia, unless
used for urinary inconfinence

-Awoid first-gensration andhistamines, ntiparkinsonan drugs, antispasmodics (except i short-
term palliative care to decrease oral secretons), micyclic antidepressants

-Awoid anticholinergic antispasmodic drozs with chronic constipation

-Awoid 1o freat exmapyTamidal side effects of neuroleptic medications

-Pament is not taking medication with significant anticholinergic activity

-Patient with dementia is not receiving anticholinersic medication

-Patient taking a proton pump imhibitor &5 not taking a medication that may cause dyspepsia
(inchding antichelmergics) unless prescribed for Fastro protection

-l VE should be prescribed medications with swong anticholinergic effects of alfernatives ars
mvailable

-Awoid for meatment of insomnia, agitation or delirfum

-Awoid with delirium, demeniia or copritive impairment

-Awoid with a history of falls unless safer alternatives are not available

Avoid long-term (= | meonth) use of bog-acting benmodiazepines (chlorazepate, chlordiarepoxide,
fluarepam , nirazepam) and benrodiazepmes with long-acting membolites (diazepam)

-Patent has not been taking benzrodiazepine for = 4 weeks

-Patient with chronic obstractive pulmorary disease is not taking benzodiazepines

-Patient with a histary of falls is not king psychodropic medications

-If a VE is taking a benzodiazepine (- 1 month), then there should be ammual documentation of
dizcnssion of ks and attempt to taper and discontioue the benzodiazepine

-If a VE repaorts a history of 2 or mare falls (ar | fall with mjury) in the previeus year and is
takimg a benzodiazepine, then there should be docmentation of a disonssion of related nizks and
assistance offered to reduce or discontime benzodiarepine use

-Awoid chromic wse (= 00 days)

-Awoid in older adults with dementia or cognitive impairment

-Awoid in older adults with a history of falls unless safer alternatives are not avadable

Mot inchuded

-Mot inchnded

-Nat inclnded

-Awoid for long-term suppression; avoid in patients with creatinine clearance < § ml/min
Mot inchuded

-Patient with a UTI is not receiving nirofurantein for prophylaxis or acufe reatment

Mot inchnded

-Nat inclnded

-Nat inclnded

-Patent with rizk factors for s@tin-mduced myopathy is not mking a high dose of a high-potency
statin

Mot incknded

-Awoid glibenclamide ' chiompropamide

-Awoid glibenclamide chlompropamide

-Not inclnded

-Nat inclnded

-Awvoid metorlopramides umless for gastroparesis

-Awvoid prechlorperazine metoclopramide with parkinsonism

-Awoid prochlorperazme with delirium, dementia, cognitive mpairment, chronic constipation.
Lowrer urinary tract symptoms, inchiding henign prostatic byperplasia in men

STOFP 2008 -Aroid prochlorperzine metoclopramide with parkinsonizm
Basger 2012 -Awoid prechlorperazine
ACOVE-3 2007 Mot inchnded

Under-prescribing  Toal Statements

Atrial fibrillation START 2008
Basger 2012

ACOVE-3 2007

-Warfarm in the presence of chronic AF, or aspinin where warfarin is contraindicated
-Parent with AF is taking an oral anticoagulant or an anfiplatelet drug, depending on stroke risk
ind bleeding risk

-If WVE has chromic AF and is at medium- to high-risk for smoke, then anticoagulation should be
offersd

-If WVE has chronic AF, medium- to high-risk for siroke, and bas a conmaindication to
anticoagulation, then antiplatelet therapy should be prescrbed

314

contmed next page
Journal of Pharmacy Practice and Fesearch Volume 43, Mo, 4, 2013,

14



Chapter 1: Introduction

Table 4. Comparison of some criteria from selected explicit prescribing tools contd

Under-prescribing  Toal Statements

Statins START 2008

-Statim therapy with a dooumented history of coronary, cerebral or peripheral vascular dissase,

where the patient’s finctiomal st remains independent for actvides of daily lning and life

expectancy is = 5 years

-Statim therapy in diabetes mellins if coexisting major cardiovascular risk factors present

Basger 2012

-Patient at high risk of a recument cardiovasoolar event is faking a statin

ACOVE-3 2007 -If VE with ischasmic heart disease has an LDL-C = 100 mz/dL., then they should be offered
cholesterol-lowering medication

Cteoporosis START 2008 -Bisphosphomates i patients taking maintenance conticosteroid therapy
Basger 2012 -Patient with csteoporosis s I=Ceiving appropriate antiosteoporodc medication
ACOVE-3 2007 -IMotinchoded
Monitoring Toal Statements
ACE inhibitors, ACOVE-3 207 -IfVE is prescribed a loop diuretic, then they should have electrolytes checked within 2 weeks
diuretics after initiation and at least yearly thereafier
-If VE is prescribed an ACE inhibitor, then they should have serum creatnine and po@ssim
monitored within 2 weeks afier initation of therapy and at least yearly thereafier
Basger 2012 Mot included
Anripsychotics ACOVE-3 207 -If'VE is started on an antipsychotic dmg, then there should be documentation of an assessment of
response within 1 mooth
Basger 2012 Mot included
ThyTonine ACOVE-3 2007 -IMotinchoded
Basger 2012 -Patent taking thyroid hormone replacement therapy has had a serum thyroid stimulating

hormone measurement within the previous 12 months

ACOVE = Aszessing Care of Vilnsrable Elders, version 3. FIM:= = potentially inappropriate medicaions. START = Screening Tool to Alsm
doctors to Right Treatment STOPP = Screening Tool of Older Person's Prescriptions. VE = vilnerable elder

*Some statements have been reworded to faciitate comparison

consensus review. ™ There has been hittle evaluztion of
thewr rehabihity and predictive wvalidity. A number of
indicators refer to medications that are not avalable or
rarely nsed m Austrahia (e.g ticlopidme) but there are
indicaters that would be relevant in most countries. The
ACOVE mdicators were modified for use m hospatal
inpatients in the MNetherlands and demonstrated excellent
imfer-rater relizbility ™

Amnticholinergic and Sedative Burden Toolz
Medications with anfcholmergic or sedative effects have
been consistently associated with mereased nsk of adverse
effects m older people. Several tools have been developed
to assist with classifiing medications according to ther
anfichohmersic and sedative burden ™™ Diug burden
measured usng some of these tools has been associated
with adverse outcomes ™ However, a recent study reported
poor agreement betwean three anticholinersic burden tools
and highhghted that these tools require regular updating. ™
Another hmitation of these tools and most explicit critena
15 that they do not take mto account the medication dose.
The drug burden mmdex (DBI) is a novel tool based on
the principles of dose—response and cummlatrve effect *7 It
generates a score based on the dosages of anficholinerzic
and sedatve medicatons used by the patient relatme fo
the mamrmm recommended doses for those medications.
Medications are meluded if they have chimcally significant
antichohmerzic or sedative effects documented m the
product mformation, hence the DBI does not require
regular updating. The DBI does not provide information
about the appropnateness of medicafions, but several
studies have reported that kagh DB scores are associated
with poor physical performance and cogmition m older
people -1
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Elsctromic Decizion Suppert

Decizion support systems (D5Ss) wathin presenbing,
dispensing or medication review soffware can assist
with identifying potentizlly mappropnate prescnbmg .72
Advantages of D55 are that they can incorporate multiple
inappropriate prescribmg tools and tmgger alerts when
they are likely to be relevant based on patient data.

An Australian DSS to assistwith ident fvmz medication-
related problems (MEPs), mecluding inapproprate
prescrbmg, duning medication reviews has been developad
and commerciabised ™ The software uses mules created
by an expenenced climcal phammacist to assess patients’
medication regmens mn the context of thew medical history
and laboratory data, and flag potential MEPs. "™ It has been
reported to identfy more MEPs than unassisted phammacist
review and the STOPP/START tool “* However, it does
not defect all MEP: and some flagged MEP: are not
apphicable or chmeally relevant to mdividual patents,
so it must be used In conjunction with impheit {expert)
review. ™™ Rehability and predictive validity have not been
assessed, and the evidence and strength of evidence under-
pmning each alert or MEF 1= not provided.

Another D55 prototype 15 under development based on
evaluation of the needs of prescnbers for older people.”
It aims to asmst with prescnbmz by displaying reatment
recommendations for a grven disease or symptom, and
flagzing potential problems based on pattent datz, includng
mappropriate or hgh-nsk medications or combmations
and problenys related to patient factors, e g. poor dextenty.

APPLICATION OF PREESCRIBING TOOLS

Ideally, a tool used to 1denhify mappropriate prescribmmg
should be easy to use, rehiable, based on the most up-to-
date evidence, evaluate all aspects of presenibing and be
able to predict (and prevent) AME=. Although ne existmg
tool fulfils all of these requirements, the tocls described in
thiz article can be useful m chmcal practice and research *
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The MAT and AOU have been used to evaluate
the impact of mferventions to improve quality of
prescribing %" However, the time required to use these
can be a bamer The MAT and A0 can also be used
by inexpenenced chnimians to gmde prescmbing and
medication review, zs they provide 3 clear structure for
assessing appropriateness of presenbing, with defimtions,
mstructions and examples. However, because expert
knowledge 15 required chimecians may need to refar
conowrenthy to resources, such as explicit eriteria, ehmeal
pmdelines and other decision support tools.

Although explheit enfena are not oghly sensitive or
spectic, thev can lnghhghi potentally mappropnate or
hugh-n=k presenibing in a patient orm a population. A study
reported that patents who were preseribed a Beers PIM
were more likely to have other inappropnate presenbing
(identified using the MAT) than pabents who did net
recerve a Beers PIM, sugzesting that explicit cnteria may
alzo have a role as a screeming tool to 1dentfy panents
who mav beneht from a medicanon review™ Expliet
cnferia can also assist presenbers avord mmbaimg PIM=
or igh-rsk medications. However, explicit eritenia cannot
replace chmeal knowledge, expenence and judzment
deterouning the mest appropriate medicanon for patients.

The Beers cmtena (2012) and the Basger cutena
(2012} are the mwost up-to-date explictt cofenia, and the
revised versions have addressed some of the enficisms of
earhier versions. Although several medications have been
removed from the 2012 Beers critena, there are still some
that are not used n Australia @ The Basger criteria have
the advantages of not requnng adaptafion and having
a forus on commonly treated medical problems and
commonly used medications. They also address a 1ange
of presenbing problems, such as under-prescnbing and
momtonng. Limitations of the Basger cntena are that the
level of evidence supporting each recommendation 15 not
provided, and they have not been widely used, so usability,
reliabality and predictrve validity are uncertam.

The STOPP/START critenia (2008) are less cwmrent,
but have some strengths. They are the only explicat
crteria for which reliabilhity has been assessed. and they
have better predictive validity than the Beers cntenia, at
least in Ewropean countries. They include a broad range
of medications, are orgamsed according fo body systems
or pharmaculag:.cal groups and address under-prescnibing
as well as over-presenbing They appear to have good
usability, kaving been used by mwvestigators in several
countries and sethngs.

The ACOVE mdicators (2007) are also less cwrent.
They are ocrgamised according to disease, cover a range
of care processes, inchiding non-drug asp-ecb of dizease
management and provide 3 summery of supportng
evidence for each mmdicator While they have good face
and content vahdity, there 15 no mfrmaton about theor
predictive vabidity or reliabality.

The DBI does not requuire regular updating and appears
to have zood predictive vahdity. A lmutation 15 that 1t only
addresses the use of two dmug classes.

Given the small overlap of presenbmg cntena included
1 the various tools, it mav be beneficial to combme tools.
Incorporating critenia mio electrome audit tools or DSS
can enhance ther wsability and efficiency and lead to
improved preseribing. 8T R
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CONCLUSION

Tools have been developed to identfy potentially
mappropriate prescnbing m older people. No tool
provides an absolute measure of Inapproprate prescribms
and each has umque strengths and hitations that need to
be considered when wsed m chinical practice and research
and when interpreting studes utilizmg these tools. Exphet

eriteria need to be supplemented with chimeal mdgement
when used m chmcal practice.

Competing interesiz: Nooe declasd

Eeferences

1 Hilmar 3N, McLachlan AJ, Lo Couteer D Clindcal pharmacelogy in the
mariatic patient. Fandam Clin Plammacel 2007; 21: 217-30.

1. Bears ME, Cuslamdar JG, Rnﬂmnhn-l.ml:lﬁ.ﬁm-ol: I, Back JC.
Explicit criweria for determizing 1 madication nse in muriing home
musidemts. Arch Intarn Med 1991 131: 1825-32

3. Gallaghar F, Bamy F, O Mahoory D). mapprogeiaie prescibing in the sldarly.
¥ Clim Phaeps Thar 2007, 32: 113-21.

4. Crang B, Chan DC. Compariscn of publishod axplicit coitesia for potanzialhy
inspproprixe medications in older adulrs. Dregs Agimg 2010 27: 847-57.

3. Bear C, Hyde Z, Almeids OF, Morman P Hankey 1, Yoap BB, et al Craality
e of medicnes and health outcomes among a cobort of community dwslling
clder pxen: am obsenvational study. Br J Clin Phameeaca] 2011; 71: 5929,

6. Romghoad FE, Andamon B, Gilbart AT. Potessially fappropriste presorbang
amomg Anstraliss veterms and war widows vidowars. Ineen Mad T 2007, 37:
402-3.

7. King M4, Robarts M5, The mfluence of the Pharmceutical Bescfts Schama
(FBS) oo zappropriate prescribing in Asstralian nursing horses. Prarm World
S.:l"'lil[l'| 20-30-42,

5 Peonewumate W, Emmeron L, Pobver L, Windisl K Comparison of
peeacribing oritedia in boepitalised Anstralian cldarty. Plore Pract 2010; B: 1328
9. Somers M. Ross E, Simmonds DY, Wedtelaar C, Cabear I, Beer C. Crualify nse
of medicing: in residential aged caru. Aust Fam Physician 2010; 39: 413-16.
18. Widegdo 15, Myfort-Haman . Ecwnliki 5. Provaloncs of potntially
inzppropriztes medication use in elderly bespitalised patisnts. J Pharm Pract
Ban 30105 41: 122-5.

11. Saafford AC, Alvaaryen ME, Tanni PC. Inspproprizs prescibing & cldar
musidemts of Austzaliam carg homes. ¥ Clhin Pharm Ther 2011; 346: 334

12 Spinewine A, Schmader K, Barbar N, Finghes C, Lapans KL, Swine C, &
al. Appropriate prescribing in sldarly people: how well can & be meanmed and
optizsined? Lancet 2007, 370: 173-84.

13. L=xd B, Camnshom BM, Egge JA, Chrischilles EA, Elaboli P Inappropriate
oot ing predicts advems drag evonts & older adnlts Ann Pharmacothar
2000, 44: 05763,

14 Hamlom IT, Sckomader EF, Sapsa &P Wainkarger M, Uttech EM, Loz [
ot al. A mothod for assessing drag therapy appropriatensss. J Clin Eptdamiol
1992, 45: 1043-51.

15, Sanvaa GF, Hanlon JT, Schmadar KE, Wainbargar b, Chpp EC, Uttech EML
st al. A sumrated soore for the medication appropriateness ndex: devel opment
and asesament of clinimetric propesties inchding comtent walidiny T Clin
Epidaniol 19094; 47: 291,

16, Jeffary %, Ruoby C, Twmmky J, Hanlon JT. Effect of an imardisciplizary
team oo weboptimal prescribing i a long-temn cre fclity. Censult Phamm
1999, 14: 1386-01.

17. Fizgeeald LS, Hanlon JT, Sheltom PS, Landiman PB, Scheader EE
Pulliam CC, ot al Ralishility of 2 modified madication sppropeistenss: index
in zmibralatory older parions. Asm Pharmacothar 1997; 31: H3-3.

18 Eassam R Martin LG, Faxds KB. Relibility of a modifed medication
Wmundnmmmnyphm Ann Pharmacother 2003; 37:

EEN@:.IE]LIM‘WE Erissnsan MB, Soome J. Ralisbility of a meodified
midication appropriateness mdex m pricary cars. Eur J Clin Pharmacel 20075,
&1: 769-T3.
. Schemder KF, Hanlon IT, Landumoan PR, Samsa GF, Lewds IE, Waimbargar
M. Imappropriste prescrihing and health omromes W eldarly wwison
outpatients. Ann Pharmacother 1997, 31: 528-33.
1. Olssen DN, Fxmnamo B, Enghlft P. Modicaton and quality of B
in the sldarly, a cobort stady. Health Qual Life Outcomes 2011; 9: 93-103.
12 Elligtt BA, Woodward MC. Assesmment of osk associated with medication-
rulated probloms i eldorhy orstpationts. ¥ Pharm Pract Ros 2008; 39: 10813,
IB\.R'n::].SmuhC Impa-ctc-fmnﬂ:mbmmmmmmpm’ﬁmd

n fior apsbeal u_rpmﬂn'aughl.nu:mmﬂ:gmnﬂ
mn-dral]m.ch.bomn ImIP‘]:mPnctll}Ot}S 111-20.
14, Somnsan L, Grobler ME, Eobarts 5. D@nh]:mnntnfa.quall.rfmuf
medicizgs coding wyvism to mte clnical ' medimbon meviaw
mecommendations. P!:mmﬁ'u‘ld.&l.lﬂ'}] XX 212-17.
5. Beems MH Explicit crimria for determining poatilhy mappropriat
medication usa by the eldarly. A= wpdate. Arch Intarn Med 1087; 137: 153146
2. Fick DM, Coopar W, Wade WE., Wallar JL, Macem TR, Beem MH
Updating the Beears oiteria for v inapproguiate medication wse in
older adnlts: msnlts of a US Consease: Panal of Exparts. Arch Imem Med
2003; 163: 271624,

Journal of Pharmacy Practice and Fesearch Volume 43, No. 4, 2013,

16



Chapter 1: Introduction

ﬂ.ﬂmanmmr.Smnwiﬂ];BmGnmaUpdnEqthmd
Arsgriran Goriatrics Socity npdaied Bears criteria for
medication uss in oldsr aduls. ] Am Geriatr Soc 2012; 50: 616-31.
15 Roth MT, Weinherger M, Campbell WEH. Msasuring e quality of
medication use in older aduls. J Am Gestatr Soc 2009; 37: 1096-102.
¥ Lovy HB, Marcns FL, Christen C. Beyond the Bear oftaria: » comparative
ovaniew of explicit critaria. Arm Pharmacother 2010; 44 1968-T5.
3. Scott I, Tayvathissa 5. Guality of dmg prescrihing in older patisnts: is thane &
and can we improve it? Inem bed J 20010; #0: 7-18.
31 O'Mahomy D, Callagher P [approprizte presciibing m the older
popralation: noed for now critaria. Age Ageing 2008: 3T: 13541
31 Gallaghar P, Ryan C, Byr=e 5, Eamnedy J, 0" Mahomy D STOPRScovening
Tool of Older Parson's Presciptions)) and START (Scwening Teol to Alart
doctors b Right Treatmant). Int J Clin Pharmacal Thes 2008; 46 72-83.
&iiﬂamlﬂ,ﬂh&&mﬂbﬂﬂbm[ihﬁxmmﬂmaﬁm;thﬂm
aldarhy hospitl inpationts. At ] Hoop Pharm 2001 31: 18-25,
34 Elliott BA, Woodward MC, Cheme CA. Craality of prescribing for aldesdy
boapital inpatients at nine hospitals in Victoria, Anstralia. ] Pharm Pract Baa
003; 33 101-3.
35. Bagar BJ, Chan TF. Mols RJ. Imapproprian medication use and
pruscribing indicaiors = alderdy Awvimlions: developeant of 3 presoribing
indicaters ool Dirngs Aging JIE; 25: 77753
36 Basger BEJ, Chax TF, BMoles BJ. Validation of prescribing appropristensss
critaria dor oldsr Amstalins ming the RANDVTMCLA approprirteness method.
BHJD])WN]LL
37. Dalleer O, Boland B, Spizmewing A. 2012 wpdated Beers crfumix grsatr
appiicability to Exrope™ T Am Geriatr Sec 2012, 60: 2183-0.
33. Ball I, Le Coutger DG, Mclachln AT, Chan TF, Molks BJ, Baager BJ, o
al [nproving medicne slection for oldar peopls — do we need an Anstmliom
chasification fior Ipproprixe: medicne: nse? Anst Fam Phoysician 20012 41: 8100
3% Oborne CA, Basty GM, Maskeey W, Suift O, Tacksom SH. Devslopmant
of prescribing indicators for eldecty medical npatients. Br T Cin Pharmacol
1997, 43 91-7.
40 Basgar BI, Chem TF, Moles R Application of a presoibing indicators tool
o mumist in identifying drag-relatod probloms m a cobort of older Anstrabiams
Int § Phoeps Prac 301X, 20: 17282
41 Garca-Collarte I'. Balariola-Taher J, Famaro-Loéper [ Cruz-Jamoft AL
Inappropuiate drog presoiption at ooming bome admisiion. F Am Med Dir
Aszoc 2012: 13: o8-l
41 Rogmtad 5 Brakke M. Fotruit A, Spipset O, Wller TS, Smaamd I The
Norwsgian eneral Practics criferia for assessing potentially insppoopriate
peuscziptions to eldacly patisnts. Scamd § Pries Healdy Came 2009; 27: 153-0.
43 McLeod PT, Hummg AR, Tambivn BM, Gayion DC. Defning inappropriate
practices in prescibing for aldarty people: & national comsenms panal. CMAT
1997, 156: 36591
44 Larocks MI., Charmes TP, Mars L. Potentially §
in the elderly. Bur J Clin Pharmeace] 2007, €3: 723-31.
45 Naugier CT. Brymsr C, Stoles P, Arcews £4. Developmant and validation
of an improving preucrhing in the alderdy teol. Can T Chin Pharmaral 2000:
7: 1037,
46 Holt 5, Schovied] 5, Thittmamm PA. P inzpewopriate medicaioms n
the alderly: the FRIZCUS List Dich Acxiehl Ine 2010 107 343-51.
47. Marriost J, Sschlik P A oitical anahyis of the metheds wed to develop
axplicit cEmiral oriteria for nse in older peopla. Ags Agedng 2012; 41: 441-50.
48 Steinmom M, Roseadhal &, Landofdd CF, Bartenthal D, Eaboli P
Agresment betosen drog-to-mvodd coeriz and ewpert assesaments of
problamatic prsczibing. Arch Intem Med 2009; 169 132531
4% Srcinpean MA Rosenthal GE, Landafold C5, Barxntial D, San 5, Eabel
PI. Conflicts and concordencs betoreen meamres of medication proscrihing
qeabity: Mod Care 2007; 43: 93-8.
3. Lam MP, Cheang BM. The wss of STOPP'START ofteria 25 @ SIweling
toal for assesing the approprizsness of medications in e sldsiy population
Expart Rov Clin Phareeapa] 2012; 5: 187-07.
31 Chamg B, Chen JH, Wea CT, Ezo HE, Lu IE, Chin LS, ot al. Potextially
Imappronrize medications in geriatric o it with polypl ¥~ mpplication
oimwtofpnhhﬁdwlu1m&19nml‘ﬂll 7 4829,
51 Heme AL, Creilliam BJ, Goldeem K, Eaton C, Lapans ET. Ahermatives to
potentislty isappropriste medications for nse i e-presaihing soffoars: rggers
and treatesant alporithess. BMT (rual Saf 2011; 20- £73-B4.
33. Lund BC, Steinman MA Chrischilles EA, Eaboli PI. Bean citeria as 2
proxy for inzpproprizte prescfting of other medications among oldar adults.
Ann Fharmagothar 2011; 43 1363-70.
4. Hepsilton H, Gallagher P, Byam C, Byme &, O'Mabooy D Potentially
insppropriss medications defined by STOPP crimria ad fe sk of advere
g evants in older bospitalized paticnts. Anch Inters Mod 2011; 171: 1013-15.
35, Gallagher P, O'Mahooy D. STOFP: application to acesly ill eldedy
patisnt and comparisen with Bears” critariz. A pe Agsing B00E; 37: 6735
36 Vishwas HN, Hauged A, Parthacerathi G, Bamesh M. Potentally
inspproprizs medication wse m Indian elderly: consparison of Bears” crberis
and Soweming Tool of Oldar Persons” powatialby inspproprise Pracriptions.
Gariair Gerontol Int J01Z; 12: 506-14.
57. Gallagher P O"Comnor M, O'Maboay D Provention of petentially
insppropriss prescribing for eldardy patients: & randomersd comtrolled mal
wsing STOPP/START cxiteria Clin Phammeacol Ther J011; £9: 84334,
ﬂﬁmubmmwﬂ.tmhitlmmn;mm
patterns for the alderly theongh an online drog nfiliztion revisw inferention:
a wystem bnking the phoysician, pharmacise, and compurier. JAMA 1998; 280
M550,

Journal of Pharmacy Practice and Research Volmme 43, No. 4, 2013,

8. Wnger N5, Roth CF Sheiellks P, ACOVE Imsstigaton. Infrodnction fo

the aessing care of wulnemble clden-3 qmibty mdicator moscerement sat. J

Am Gariatr Soc 2007, 55 (suppl X)- 5247-3232.

6. Anon Assessing care of vulnanble sldar; 3 quality indicators. J Am

Garar Soc 2007, 35 (suppl I 5445467,

61 Shoank WH, Polinski TM, Azom J. indicators. for medication use i

vabnerable aldars. J Am Gestatr Soc 2007; 35 (suppl 2): 8373-8382.

6. Wisrangz P, Elopotowska ], Smoresbusg 3, van Kax H, Bijleweld W

D{ﬂimafh:l'_atal Craality indicatoms for in-howpital pharmacsutical cars of

Drech aldardy patients. Dimgs Aging F011; 28: 293-304.

63, Exrimi £, Dharia &, Flora [, Slattuee P Anticholinargic burdan: clinical

implcations: for seeior: and simteges for clinicans. Consal Pharm 2012; 27

-3

64 Linjakurpu T, Hartikainan 5, Elankka T, Eoponcn H, Eivela 5L, Licabo

E_ Amodal to classify the sedatve load of drugs. Int J Gerar Psychiatry 2003,

15: 424

65, Parsoms C, Havdock J, Mathis E, Barca N, Maches I, Stovenson B, st al

Sedathe load of medications prescribed for oldar peopls with dementia in came

bomes. BMC Goriar 2011; 11: 56,

66, Lertrondi U, Dopsimge-Eckabur 5, Hamamdaz R, Pl J, Medrne 1

Expart-tased drag bst to meamme anficholmergee torden: soolar names,

differant resalts. Poychogesiamics 2013; 13: 17-24.

67. Hibmar SM, Mxger DE, Simensick EM, Cac Y, Ling SM, Windham B,

al. A drug burden. index to defing the functional terden of medications o cldar

people. Arch Interm Mod 2007; 167: 781-7.

68 Cac Y, Mager DF, Simonsick FM, Hilmer N, Ling SM, Windkom B,

al Plrrsical and cogmitive parformancs and burdan of st cholinergics, sedative,

and ACE mhibitoms in oldar women. Clin Prormacc] Ther 2008; B3: 422-8.

. Gojidic D, Cumpeing RG, Le Coutenr D, Elandelszan DY, Nagenathan

V. Abamethy DE, ot al. Drag turden index and phosical finction in eldar

Awstralian men Br J Clin Pharmeaco] 2009, 83: 57-105.

T8, Gajidic T, La Coutour DG, Abarmetin: DR, Hilmer SN, Drug burden index

and Besm critarix: mpact on finctional outcomss i clder peopls Lving in wlf-

came Tetmument villages. J Clin Phamaco] 2012; 52- 258

TL Gojidic D, Himer SN, Biydé FA, Magmation V Comming RG,

Handelsmom DY, st al High-ridk prescribing and meidescs of frailty 2mong

oldsr community-dwelling man. Clin Pharmacol Thar 2012; §1: 321-B.

TL Yourman L, Concate J, Agestini V. Use of computer decision support

interventions to improve medication prescribing in older adels: & systamatic

movionr. Ars J Goriatr Prarmacother J00E; 6: 119-29.

73. Bindoff IE, Tanni PC, Petarson M, Eang BH, Fackson S1. Developmeat

of an infelligent decivion sepport syshm for medication mvisw. J Clin Pharm

Thar 2007, 32: 81-B.

T4. Bindof I, Stafford A, Potemen G, Fang BH, Tenni P The petential for

intulligent decixion support sysiems to mprove the quality and consistency of

medication reviews. I Clin Prorm Ther 2012; 37: 452-B.

5. Curtadn OM, BindoF IK, Weattnry TL, Petarson G An invostigation ixio

dmyg-related problins idantfisbls by commencial medimaton e soffemem.

Amstralas Med J2013; 6: 183-B.

"l‘i. Curiain C, Bindeff I, Wastbury I, Pedorson G Validation of decisicn
softwrams for identification of dmg-melated problems in homs medicine:

mm.[a.hsuart] Promeding of the 11th Maticoal Confsrence of Emarging

Eagarcham in Ageing; 2012 Now 19-20; Brishans, Cmesansbmd  Brishane: The

Uzdvarsity of Quzansland; 2002; 84-7

TT. EMF.MLMPGW pemeral practifionars’,

and acoredited o visws of medication marapement rewoTTOES A

qualitative sy [abstract]. Bes Social Ade Phoms 2012, §: edE-ods.

T8, Hamlom JT, Whinharger M, Samsa GP, Schmader KE, Utiech EM, Lowis

IE, ot al A mndomized, controlled trial of 2 clinical pharmarist mtansenfion

0 Improvs appropriae prescibng m elderhy ostpatients with pohvpharmacy.

Am J e 1995, 100: 426-37.

T8, Croty b, Habert I, Bows D, Giles L, Bizks R, Williams F, & al An

outmach geriaitc medication adhvisory service in reddential aged cae a

mandoorised comtrelled il of cxis conferencing. Ags Ageing J00M: 33: £12-17.

88, Buck MD, Amgja A, Eresbor CPF, Jain A, Sub TT, Palmar BM, ot al

Pomntally inpproprate medicatica prescribing in owpatent practioss:

prevalance and patisnt chamacsristics based on elecironic health ecords. Am J

Gariatr Pharmacothar 2009, 7: 84-02.

81 Epeith DH, Parin N, Feldstain A, Yang X, Enang I, Simen 3K, ot al The

impact of prevcribing adfety alarts for eldarky pamom in an electromic medical

moond: am mbemeped tims weies @valuaton. Arch Intern Med 2008, 165

10RE-104.

51 Hamlon JT, Schreoder EF. The Medication Approprisensss Index at 30:

wisars it starbed, whare it has bean, and whars it may be going. Dregs Aging

J013; 30: 893-000.

Bocaived: 22 Angnst 2013

Ravizions regussied afer sxrmal review: 11 Movessbar 2013
Raovised varsion received: 22 Movember 2013

Accepted: 18 Movembar 2013

This: actheity has been aoceedied for 1 Boar
ALISTRALIAN T e e
PHARMALCY sutabie for ndusim B @ indideal

phammacsTs CPD plan, § omine guesSons
WO SAN TS

COUNCIL
I — et

17



Chapter 1: Introduction

2.3 A Critical Analysis of the Methods Used to Develop

Explicit Clinical Criteria for Use in Older People

2.3.1 Author declaration

% MONASH University

Declaration by candidate for paper 2 entitled:

A Critical Analysis of the Methods Used to Develop
Explicit Clinical Criteria for Use in Older People

The undersigned hereby certify that:

1. The above declaration correctly reflects the nature and extent of the candidate’s
contribution to this work, and the nature of the contribution of each of the co-authors;

2. They meet the criteria for authorship in that they have participated in the conception,
execution, or interpretation, of at least that part of the publication in their field of
expertise;

3. They take public responsibility for their part of the publication, except for the
responsible author who accepts overall responsibility for the publication;

4. There are no other authors of the publication according to these criteria;
Potential conflicts of interest have been disclosed to (a) granting bodies, (b) the
editor or publisher of journals or other publications, and (c) the head of the
responsible academic unit; and

6. The original data are stored at the following location and will be held for at least five

years from the date indicated below:

Centre for Medicine Use and Safety, Faculty of Pharmacy and Pharmaceutical
Sciences, Monash University

Victoria, Australia

Date: 20/06/2014

18



Chapter 1: Introduction

The nature and extent of candidate’s contribution to the work was:

Nature of contribution Extent of contribution

Conducted literature search, reviewed articles, preparation of first  90%

and final drafts of manuscripts

Candidate’s signature: Date: 20/06/2014

The contributions of co-authors to the work were:

Name of co-author Nature of Contribution

Adjunct A/Prof Jennifer L Marriott Advised on literature and assisted with manuscript

preparation

Co-author signature: Date: 20/06/2014

19



Chapter 1: Introduction

2.3.2 Manuscript

Age and Ageing 201 L 41z 441 450
daiz 10U 09 ¥ageinglaklad

REVIEWS

& The Author 201 2 Published by Owdford University Press on behalf of the Brtish Geriatrics Society.
All nght= reserved. For Permizsions, plezse emait joumalspermisionsfioup.com

A critical analysis of the methods used
to develop explicit clinical criteria for use

in older people

JeraniFer MarpoTT', PAULINA STEHLIK

'"Farulty of Pharmacy and Pharmaceutical Sciences, Centre for Medication Use and Safety, Maonash University (Parkville campus),

381 Royal Parade, Parkville, Victoria 3052, Australia
*Monash University, Parkville, Victoria 3052, Australia

Address correspondence to: | Marriott. Tel (+61) 3 9903 9533; Fae (+61) 3 9903 9629. Emait jennifermamioti@monash.edu

Abstract

Older people are the biggest users of medications and with the majorty of the population ageing it is impormnt o ensure
that their medications are managed properly. Many have developed explict critera in order @ assist in making appropriate
drugs choices in the older populagon. This paper explores whether the methods wsed ro devwelop the currendy available ex-
plicit critena for approprate prescrbing in older people are applied approprarely, and if not, whether this invalidates the cri-
teria themselves. The wide spread use of the Delphi technique to dewelop medical crteria indicates that the technique itself
should be evahiated for it suitahbility in the development of criteria in older people before the criteda are themselves evalu-
ated. A number of crtena have been reviewed and none fulfils the requirements for approprate development. There is a
need for new crtena, with mansparent referencing of recommendations and rigoroos final evaluaton.

Keywords: dinical practicee guideline, Delphi tedhnique, criteria development, older people

Introduction

Medication use and misuse in older patents is an impormnt
issue in medicine due to an ageing population [1], high rates
of medicine use in older people [2], an apparent lack of clin-
ical evidence for safe, cffectve and appropriar medication
use in older people [3] or a combimaton of these. Many have
tried to formulate explicit clinical criteda to assist pract-
tioners  in making  appropriat medication  choices.
Evidence-based crieria developed specifically for an older
population is problematc as they are commonly excluded
from well-designed chnical trials [3]. To overcome this, some
criteria have been developed using the Delphi technique, a
survwey  technique intended to find consensus  among
‘experts’ [4-8], m assist with formulation of recommenda-
tons on suitable treatments in older people. In 2008,
O'Mahony and Cralhgher [¥] published a commentary
criticising some of the coteda available at the time for
their lack of usability, imabidity @ be gencralised and
incompleteness  including  omission  of
instances of inapproprate pmscrbing and no mention of

same  known

under-prescribing, drug—drog interactions and  duplicate
drug therapy. Issues with currently available explicic crirena
go much deeper and lie with the development methodology
imelf, OF intemrest is the lack consistency berween recommen-
dations  despite  similar  dewlopment  methods  [10].
Therefore the queston this paper attempts @ address is—
are the methods used to develop the curmendy available
explicit crteria for approprate  prescrobing  in older
people applied correctly, and i not, is their widespread use
justfed?

Guidelines, criteria and indicators

Quality assurance is important in health care as & minimises
inappropate prescribing, There 5 an increasing global
demand for chnical peidelines m assist practiioners in deli-
vering the best care for their patients according to the most
up-to date evidence [11], and to evaheate their current prac-
tices for porntal improvement [12]. It is clear that guide-
lines, medical review critenia and prescrbing indicators have
different applications in clinical practice (Supplementary
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data are available in Ape and Apsgr online, eBox 1), but
their development is almost identical—in fact, medical
review critera, including prescribing crteria, (referred to
simply as criteria) can be developed spedfically to evaluate
the appropriateness of medical care, or be derived from
explicit clinical guidelines developed to improve the quality
of care [13]. How a clinical guideline should be developed
# described below; these same principles shondd be applied
m the formulation of crierda.

Methods

Search strategy

Prescribing criteria were identified by searching Medline,
EMBASE and Internatonal Pharmacecutcal Abstracts data-
bases using the following terms:

prescribing approprateness’ or ‘medication appropri-
arcness” or ‘inappropiae prescrbing” or ‘inapproprace
medicaion” AND %screening mol” or *quality indicator”
AND ‘eldery’ or “aged’ or “genatric

Articles were considered i they were wrtten in English,
described the development and for evalmtion (validity or
reliability) of explicit crterian or evaluared medicaton appro-
priatencss using a spedfic ecplict criteda mol (subsequent
scarches weme Fcrf(::rnnd to fnd articles descrbing the de-
velopment of the criteria if the development was not found
in the orginal search) regardless of publicadon dat.
Criteria developed for a specific seting were excluded e.g
hospital specific, etc... ) for consisency in evaluaton and
as they are less likely to be widely used. Crteda which were
local modificatons of identfied criteda were not included
as this was considered redundant howewer, all three ver-
sons of the Beers criteda were included due to their wide-
spread refemnce in the e mture,

Subsequent searches were conducted using the same
search engines with the “search term” AND *validity” or “re-
Bability (Tahle 1).

Quality assessment of identified criteria

Processes wsed in the formulation of clinical eriteria

There are three main phases © criteda development; initially
there is a need for g reew of scendfic ftmatre and formudation of
the aaeraz [11]. Once the cotena have been disseminated and
mplemented, a final sep involves onfena evatiation [11]. In
this review we will examine these key sections m evaluate the
APPrOPrACnes s of the methods uwsed to dewelop  explicie
criter.

Literature review

Review of the current scientific evidence & the foundation
for producing high quality and acceptable critera and is
preferred to the consensus of expert panels [11].
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The evidence should be classified according its power,
quality and relevance and therefore whether or not there i
strong (or atherwise) evidence for a recommendation given
in the criteria; it is generally recommended that this be pre-
sented within the criteria as an evidence mble [11]. Notahly
there is no ‘gold stindard’ clasdficaion system [14] which
may cause confusion for readers. It is therefore important to
indicate which system of chssification was used.

Formulation of the criteria

The Delphi technique is wsed in the formulaton of explict
criteria to address an area wher there is a lack of agreement
or where there  incompler knowledpe on the subjece
matter [11]. Because of the widespread reported use of the
Delphi technique w develop criteda, the wchnique imelf
should be evaluated for its suitability for the development of
criteria before these critera are themselwes evahared.

An analysis of the Delphi technigue

The Delphi technique does not hawe one set method and
has been modified in a varety of ways to suit researcher’
aims and objectives [5]. Ther seems to be no agreement
on some key aspects of the Delphi technique, even within
each “version’ including the definition of an expert, mumber
of experts used, the mmber of rounds and the consensus
level [5]. The Delphi technique has some advantages over
other qualimrive research rechniques. The most commonly
mentioned advantage is the hok of discussion domination
by any one panel member, which can ocour durng conven-
tonal face-to-face encounters such as focus groups or
brain storming sessions [B]. By using anonymous mail
survey parficipants are not swayed to change their opinion
in the presence of a more dominant or ‘superdor stams’
panel member and can also change ther views in subse-
quent rounds without losing face” [15]. Others argue thar
panel members may fed pressured to conform to the
group’s view [6, 16] or that the anonymity of the Delphi
technique may gve the pancl members a lack of account-
ahility for their answers [16-18].

The Delphi technique can potentially result in the pro-
ductdon of larpe quantties of difficult o analyse dam [19];
herw data ame handled should therefore be decided before-
hand. If every statement raised by the expert panel members
is added for analysis in the subsequent round, the queston-
naire could become overly long howewer, generalising the
stafcments intm camgorncs may result in statements which
have considerably deviated from the original intenton [5].

The expert must be defined by the rescamher g proor
and as there is no universal definidon of an expert, this can
prove difficult [5, 17]. There is no guidance on the ideal
mmmber of expert pancl members required [5]. It has been
sugpested that the use of a heterogeneous group of experts
helps to climinate the potental for skewed results [4) and
selecing panel members through methods other than
acquaintnce minimises bias [16]. Conflict of interest ((COT)

21



Chapter 1: Introduction

Methods used to develop explicit clinical criteria for use in older people

Table |. Scarch results of validity and reliability stedics

Cnieda name Search &rm M edline Embase IPA
Tatal number  Usetul Towl number  [ls=tul Total number  [lsetul
of articles articlks of articles articles of articles articles
Beers crteria [31-33 Beers cotena 5 3 4 No new 2 i
articks
STOPP/START [38] ETOPP 21 5 i 1 2 N new
articles
START 575 Mone 6 No new 1 None
articlss
Mclend's crtera [34] Melend 4 1 w2 1 11 MNone
Melends aitera il NSA b Mo new i NfA
articks
Camadian Cotena 1 Mone i NSA i NfA
NORGEP [3] MORGEP il N/A 125 Mone i N/A
Aunstralian prescrbing indicainrs Australian prescrbing indicators il N/A i N/A i N/A
tond [35) ol
APIT 1 Mo 1 Mone il KA
Zhan [52] Zhan il NSA 1 MNone 0 N/A
French consensus panel st [(37) French consemsus panel hist i} MSA 53 P 0 M A
PRIBCLE list [40) PRIBCLUE 2 Mone 2 Mone i NfA
Prevenahle drug-relaed morbidity Preventahle drug-relied morhidity il N/A 2 i i NfA
in older adults [34] in older adult
Clinically important dnyg-disease Clinically important dryg—disease il N/A 1 i i N/A
interactinns and their prevalence interzctions and their prevalence
in older aduls [53] in older adul®
Clinically important drug-—disease il WA i KA il KA
interactions
Improwving prescobing in the eldedy  [PET 2 Mo mew 0 NSA 0 N/A
tond (IFET) (4] artclkes
Improving prescrobing in the 1 Mo new 2 Mo new il M A
ebdedy tond articles articks

also needs to be considered, not only for those conducting
the Delphi study, but also partcpating “expers’. Many
pancl members do not disclose any OO0 despite its prova-
lence [20, 21].

The use of expert opinion in the formulation of critera
can be cotdcsed as the ﬁndingﬁ may be overstated [5].
Using an expert potentially assumes that the gpomer of an
expert is equivalent to scientific evidence. Although there is
a need for peer review there should be a clear distincrion
betoeen recommendations dedved from a consensus on
what sdentific evidence means in practice and mcommen-
dations derived from personal opinion.

The number of rounds undermben during development
can be influcnced by the amount of dme it takes to reach
consensus [3] although an increased number of rounds may
lead t a decreased response rate from panel members [5, 6].
This, or any other reason for the lack of response, can creat
biased results [19] and alter the validity of the findings [15].

The meaning of consensus should also be established in
advance as there 15 no universally accepted definiiom often
it is decided ad bor [22], Consensus can be anywhere from 51
to 100%%  agreement among pancl members, others do not
even seta mrget but sugpest that consensus can be “impled”
from the results [16]. ldeally the panel members should
come to a consensus, however, if there are time, practical or
fimancial constraines, achieving consensus may not be

possible. It 15 therefore impormant o ask: what 15 done with
the smtements for which no consensus is reached?

The ‘test-rerest” reliability or precision of an experiment
or study design describes the extent that results are repro-
ducible when the study 15 repeated under the same condi-
tions [19, 23], The Delphi technique has been crfcised for
is lack of proven reliability [24]. The results pmduced from
the same inigal survey vary depending on the experts
chosen and are therefor not reprodudhble [7, 8]

The Delphi technique is far from a scientific method,
with a number of inconsistencics and areas with the poten-
tial for bias. More impormndy, the information gained from
a Delphi technique i not fact Where dam are lacking it is
merely a consensus among chosen experts about a given
practice at a !ip:l:iﬁc point in time, and does not replace sci-
entific evidence. Jones and Hunter [25] point out the danger
of using a consensus of expert opinions in phce of sdence:

The existence of a consensus docs not mean that the
“correct” answer has been found — there is the danger
of derving collective gnorance rather than wisdom

[25]

Evaluation

Generally, evaliation of cotena refers o evahmtion of ther
walidity'—does the method wsed measure whamver it is
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intended to measure [23]? As there are a number of types of
validity (Supplemenmry dat are available in Age and gesmy
online, eBox 2), whether or not results obtained using the
Delphi technique are “valid’ depends on which type of valid-
iry is being considered. The Delphi technique, by definition,
assesses face and content validicy [23]. However, it is a monrer-
s technique and therefore does not ensure that the ‘right
answer’ has been found—it does not measure internal valid-
ity of a proposed criteda or prescribing tool Unless the
findings of the consensus can be validared by scendfic
methods, such as well designed prospective studics, knowing
whether or not the ‘right” answer has been reached cannot
be esmblished [25]. This final part of any criteria formula-
ton, evahiation of whether or not the cotera have achieved
their primary goal [11, 14, 26-28], is commonly omitted.

Search results

The MEDLINE search vielded 17 results, of which 2 were
appropriate to the review: One was a comparative overview
[29] of explicit criterda published in 2010; nine criterda
[B0—38] were identified from this article. One was the devel-
opment of Australisn indicarors [35] also identified in the
comparative overview. One other criteda [39] was identified
from the references dted by one the Australian indicators,
To expand this search, a second search was pcrfnrrrl:d with
the following terms: ‘inappropriate medicaions” or ‘inappro-
priate prescribing’ or ‘medication appropriateness’ AND
‘elderly” or ‘aged” AND ‘evaluation’ or *tool’ or ‘crteria’ this
new search yielded 60 results. From this only one additional
crterion [40] was identified. WNine [36, 41—48] articles were
deemed useful regarding *validity and “reliabiliry”.

The EMBASE scarch yielded 32 resuls of which 18
were deemed useful. One identified ardcle was the RASP
critera [4Y); however, this was 2 modified STOPP-list cn-
wrin and was thercfore not induded in the
Seventeen additonal articles described medication appropr-
ateness evaluation with prescribing crteria but used already
identified mwols. Two [50, 51] artcks were deemed useful
regarding “alidity” and ‘rebability”,

The Intermagonal Pharmaceutical Abstract search
yiclded 282 results. Two new criteda [52, 53] wer identified
that were not identified in previous searches. No articles
were deemed useful reparding “walidity” and ‘reliability”,

In total, 14 criteria (Table 2) were identified for qualicy
assessment in this artcle, and 11 articles (Table 1) were
identified regarding validity and reliability.

revies.

Discussion
Quality assessment

Literature review
Mone of the critera identified by the authors for this co-

tique present their evidence graded according m strength of
evidence and presented in an evidence table (Table 2). The
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STOPP/START wal [38] references their recommenda-
tons, but provides no strength of evidence. The NORGEP
[30] has some recommendatons referenced but they not
are categorised according o strength of evidence. The
PRISUS List [40] gve an eample of how the information
in the preliminary list was presented o their expert panel,
which did Bst references wsed; however, this was just an
exmmple and not the full list, and no srength of evidence
was assigned, nor were any of the final recommendations
referenced. All of the other identfied crteda (Table 2)
merely mention that a literatue review was conducted, but
give no supporting references [31, 32, 33, 34, 37,53].

Three criteria give ‘severty mfings’ or ‘significance
rating’ for the ikdibood the lsted drug s going to cause a
clinically significant problem [32-34]; however, these ratings
are hased on ‘expert consensus’ rather than scentific evi-
dence and should be viewed as opinion mther than fact
Beers & al [31] argued, in contrast to current recommenda-
tons, that consensus methods ‘have several advanmpes
over literamre review'; it is notewortyy that they base their
inital recommendarions on a lierarure review and then use
consensus to conchide which smtements from the literature
are applicable. None of these recommendatons are refer-
enced, nor were the surveys presented to their expert panel.
The Australian Prescribing Indicators ool [35] have refer-
enced all of their recommendations, but on closer analysis
of the references themselves, they are other explicit critera
for prescrbing in older people (many of which have not yet
been “validated”), text books, indicators for quality prescrib-
ing and minimal primary literamre. The Zhan Criteria [52]
used the Beers crireria [32] in order to formulate their own
hst, fnrgning any hteramire search whatsoever; the IPET
ol [36] did the same wsing Mcleods criteda [34].

The lack of transparency on the literature used calls inro
question the validity of most of these cdteda—are they
based on sound evidence or simply informed opinion, and
i this acceptble?

Formulation of the criteria

Of the identified critera (Table 2), the reason for using the
Delphi technique is not smted, with three exceptions [36,
38, 3Y], that state they used this mchnique m wst the face
and content validity of their recommendations, and one
[30] which states that the Delphi technique is a validation
method. Others mentioned that the Delphi technigque is a
consensus method [32, 33, 37, 53], but none justified the
need for it. One research group [40] justfies ther use of
the Delphi technique because it was done for the PIM [po-
fendially srappropriate medications] Bsts that were penerated in
other countdes’—perhaps an argument from  popularity,
The Beers crteria [31], as mentioned above, suggest that a
consensus is more useful in formuladon of criteda than a
Bterature review alone because of the different resuls
arsing from the literature and narrow application narure of
stringent trials.
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Table 2. Surmmary of the methodology used in identified explicit clinical eriteria for appropriate prescribing in the elderly

{riteria mame

Beers criteria 1991
[31]

Beers criternn 1997
32

Beers criteria 2003
[33]

McLeod's critetia
B4

Literature review

SOULDES

Primary lireranire
Review articles

Texthooks
Literature from 1991
Beers crera [31]

Guidelines for used
of medicarions in
elderly persons

Rewview articles

COrpinion articles

Controlled trials

Primary literanure?
(unclear)

Beers criteria 1991

[31]

Smndard textbooks

Quarterly expert
review of drog
inferactions

Sources  Were new Were

graded?  recommendations A0COmpan ying
allowed by panel references
members? required?

No Yes No

Mo Yes No

Mo Yes Yes

No Yes No

Were the MNumber of

recommendations Delphi rounds?

referenced ?

No 2

No 2

No 2 4 additional
round asking
about severity
of the potential
medicaion
problem

No 2 [not a true
Delphi
technique as

CONSEMSUS Was
not required)

MNumber of
cxpers in expert

panel?

3z

Heterogeneous group  Consensus leveP
of experts in expert

panel (mumber of

professional rypes?)

During round 1, 3 mean score
of the Likert scale” had to be
below 3 with a 95" CI° m be
inchided in the criteria

For round 2, a mean scom of
the Likerr scale® had o be
above 4.5 with a 95" CI° m
have no limit to dosc,
duration or frequency of
therapy

Mean scom of the Likert scale®
had m be below 3 with 2 90"
(I to be included in the
criteria, a mean score of 3
meant they were resubmirted

Yes (2)

w the expert panel

Mean scom of the Likert scale 1
kad m be below 3 with a 95
(I° to be included in the
criteria, a mean score of 3

Yes (5)

meant they were resubmitted
w the expert panel

Used a 4 point scale (1= not
significant; 4= highly
significant) to stame

Yes (4)

apreement// disagreement with
proposed alternatives from
mund 1; consensus was not
wquired

Comirmed

2|doad Japjo ul asn 40} BLI2314D [ed1ul)2 3121jdxe dojaAsp 03 pasn spoyajy
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Table 2. Continued

Crteria namec Litcrature revicw

SOUnCes

Heterogeneous group  Consensus level?
of experts in expert

panel? (rmmber of

professional types?)

STOPP/START British Mational
[38] Formulry

Text books of
genatrc
pharmacothe mpy

Primary litcratume

Reviews inchiding
Codhmanc revicws

Expert consensus or
COMSEnsUs
satcments

Puhlished puidelhines

NORGEP [30] Beers crireria [31-33]

Swedish prescribing
indicators
Norwegian-hased

review

Oither reviews

Primary literamu e
Established extbooks
Personal experience
Aunstralian
prescrbing

Expert review of
cvidence
Refernce texthooks

Sources  Were now

graded?  recommendatons
allowed by panel
members?

No Yes

No Yes

Mo M/A

Were Were the Number of
200 MpAnying recommendations Delphi rounds?
references referenced?

required?

Yes Yes (most) 2

Mo Yes (most) 3

N/A Yes (most) N/A

57 first round

50 s round

47 completed all
three rounds,
hence only
dara from
these panellists
was inchyded

N/A

Mean score of the Likert scalel
had to be below 3 with 2 95°
CI* to be included in the
criteria, 2 mean scoe of 3
meant they wer resubmitred

s the expert panel

If the TQR? fell in the upper
third of the VAS then there

was agreement thar the

Yes (3)

crierin was relevant and
should be included in the
cotert, if it was in the lower
third of the scale then it was
excluded

NOTE: one group
inchides ‘random
group of GP
specialists’

N/A N/A

HIYIS *d Pue 3oLeR [
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indicators tool Internatonal literamees
[.’lﬁir Anstralian consensus
documents
Clinical practice
guidelines for
medication use in
the elderly
Orther prescrbing
criteria
Zhan [53] None N/A No N/A Mo 2 7y
French Consensus  Prescrbing crteria MNo Yes No No 2 15
pancl st [37] and guidelines for
prescribing in the
clderly
PRISCUS lList [40] Prescrbing criteria MNo Yes MNo Yes in list provided 2 38
developed by other o panel
countrics members
Primary liemme Mo in final list
Reviews including
Codhrane reviews
Prevenmhble Pecr-reviewed medical  No® Yes No No 2 T
drug-relired and phammacy
morhidiry in articles
older adults [39] Refernced texts
Clnically important  Pomary literatume MNo Yes No No 2 9
dmpg—disease
interacions amd
their prevalence
in older adulrs
53
Reviews
Textbooks
Personal experience
Improving MNone N/A N/A N/A No N/A N/A
prescribing in the
elderly tool
(IPET) [3§)

Not defined

Mean score of the Likert scale®
of 1-2 meant the crtera
were inchded, 4-5 meant
they were excluded, 3 meant
they were resubmitted to the
expert panel

Mean score of the Likert scale”
had to be below 3 with a 95"
T to be inchuded in the
crteria; a mean scome of 3
meant they wer resubmitred
mw the expert panel

4/7 members had @ agree on
the position staccment

Mean score of the Likert seale®
bad to be above 4 with 2 95"
CIF to be included in the
criterii;, a mean scom of 34
meant they wen resubmitted
m the expert panel

MN/A

“Likert scale: 1, strongly agree; 5, strongly disagree; 3, equivocal (STOPP/START included 0, unable to offer an opinion).
"Concise inclusion criteria for references to be used was liswed,

*(1, confidence interval,

d'{QR, inter-quartle mange,

“Visal amloguc scake: a 100 mm scale where 0, highly irrclevant, 100, highly wlevant.

TPET and the Australian prescribing indicators tool did not use the Delphi technique to develop their mol

FLikert scale; 1, definitely not serious; 5, definitely serious,

ajdoad uapjo ul 3sn 40} BLIDILID 31Ul 31d1jdxa dojassp 03 pasn SpoLpajy
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There are a few sues thar appear in the idenrified brera-
fure in the application of the Delphi technique. The Beers
criteria 1997 [32] and 2003 [33] used face-m-face meetings
as their seccond round to ardw at a consensus, which
removed any anomymity. Management of dam such as add-
ifional recommendations proposed by the cxpert pancl was
handled differently—some added alf the smrements gath-
ered from the expert panel [30, 32, 33], others did not spe-
cifically mention, or were ambiguous about, how they deale
with the data collected [30, 32, 34]. The definiton of con-
sensus also pready vared among the identified criterda and
whether consensus was reached durng all studies is not en-
tirely clear (Table 2). Some reached 2 full consensus by the
conclusion of the smdy [30, 37-39], some do not explicitly
state if they reached a consensus on all of the starments
[32, 53], some stated that a consensus was not reached and
seem o exclude the statements albogether [32], while others
Bsted them separately so it was clear that a consensus could
not be reached [31, 34, 40]. Alo, many of the identified cd-
teria did not give a CO1 statement [31, 32, 34, 36, 39, 52,
53], some made a COT statement on behalf of the rescarch-
ers [30, 33, 35, 37, 4], nonc gave a COI statement on
behalf of the experts involved.

Evaluation

The majority of the identified criteda have not undergone
any formal evaluadon The authors of the STOPP /START
mol [38] hawe, however, shown thar the STOPP/START
crtena have pood inter-raver reliability among 9 physicians
from 6 BEuropean countries [48] and among 10 pharmaciss
from both hospitl and community settings [46]. OFMabony
& al [51] conducted a prospective randomised controlled
trial using the STOPP/START crteda o evaluate the med-
ications of 200 hospitalised aged patients and make subse-
quent  recommendatgons  with  respect to medicaton
chanpes, while the other 200 received usual hospiml care.
The outcome of this troal was a .liigniﬁi:a.nt imprATment in
the medication approprateness index (MAI) and assess-
ment of underutlisaion of medicabon scores in the
STOPP /START arm. As this mal did not measure patent
outcomes and the abiity of the MAT o predict adverse
outcomes has not been fully established [0, it cannot be
conchesively smred that the STOPP/START crwria have in-
termal validity:

The Beers cntena have been used to analyse medication
use in number of health care scrrings m evaluae the rela-
tonship between adverse dmug mactons (and assocated
outcomes such as hospitalisation, morbidity, death, e .. )
and potentally imappropriae medicadon (PIM) use; so far
only a correlaton between the two can be esmbbshed [42,
54, 55]. Motably, =xplct crmria are commonly wsed for
retrospective evahmation of the prevalence of PIMs in a
varety of scitings [29]; however, nonc of the criteda (to
date) has been wvabidated to show that they are capable of
identifying alf PIMs. Therefore the prevalence of PIMs in a

gven sitmaton measurd uwsing explict crteda can be
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skewed depending on which criteria are used. This has
been demonstrated by Stinman of af [56] who compared
the types of PIMs identfied by the Beers criterda, Zhan cri-
teria and their own expert pharmacise-physician panchk—
they concluded that there was a wide vanety of PIMs iden-
dfied by all three measures indicaring that no onc measure
was capable of identifying all PIMs. These types of resulms
were already demonsmared in another smdy by Swinman
& al. [57] where the group compared the mumber of PIMs
identified using the Beers criterda, MAI and polypharmacy
(=9 medications as a marker of PIM),

Conclusion

There are 2 mumber of issues with the methods used in the
development of citeda for prescribing in older people. The
main issucs concern the presentation of mesuls from the
Delphi technique with no distincion berween consensus on
the “scientific lirerature’ and ‘expert opinion’, a hck of COT
reporting on behalf of the expert panel members, and a
kick of final evaluation of the published explicit crivera.
This analysis of the methods used in development sugpests
that widespread use of most criteria may not be justfied.

Key points

* Clinical criteda development needs © be reviewed to
ensure the validity of information presented.

* The Delphi technique is wsed in the development of most
clinical criteria but the findings are not  presented
appropratchy.

* There % a need for a new crterda, with a fransparent
methodology,  well referenced  recommendations, an
evidence tahble, and subsequent evahmtion,
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2.4 Summary, Thesis Hypothesis, Aims and Objectives

Pharmacological and non-pharmacological therapies are able to prevent, cure or alleviate the
symptoms of disease. Appropriate choice of therapy will depend on the individual, the condition
being treated and available options. Choice can be complicated by patient complexity such as multi-
morbidity, age and frailty. EBM should be used to guide clinical decision-making regarding the best
therapy for a given patient; however, the amount of new evidence being published makes keeping

up-to-date with published literature an almost impossible task for HPs.

Tools have been developed that put published literature into practice-ready forms. CPG have proven
effective at improving health outcomes when implemented, but have been criticised for their single-
disease state focus that is not compatible with the level of multi-morbidity seen in practice. Aged
specific tools have also been developed and can be used to identify PIMs, safe and effective
medications that can be used in the aged, or to measure quality of prescribing. Explicit criteria are
quick and simple to use due to their explicit nature, but only cover medications examined by the
developers. Most do not address aspects that dictate appropriateness of prescribing, such as drug-
drug interactions, drug-disease interactions, monitoring requirements and affordability. More
importantly the consensus method is used to develop most explicit criteria, without referencing and
strength of evidence of recommendations and lack of conflict of interest statements for those on the
consensus panel, call into question the reliability and validity of the recommendations®. Implicit
criteria, on the other hand, are able to address all medications and factors missed by explicit criteria

but are time consuming to use and rely on user knowledge to answer the questions they pose.

In general, tools that are simple do not cover all the complexities considered when choosing an
‘appropriate’ medication, whereas those that are comprehensive are impractical to use at the point
of care. CDSS are able to overcome some of these barriers by simplifying comprehensive tools so
that only relevant information is displayed or are able to take into account patient complexity such
as multi-morbidity; however, at the time of writing, systems that address complex patients, such as

the aged, are limited number and scope.

The overall aim of this research was to identify HP information needs when delivering healthcare to

complex patients, such as the aged.

! The 2012 Beers’ Criteria, published after the“A Critical Analysis of the Methods Used to Develop Explicit
Clinical Criteria for Use in Older People” manuscript acceptance, has addressed many of these concerns.
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The specific aims of this research are:

1. To determine satisfaction with currently available information sources;
2. To explore the requirements of an information delivery framework that would meet HPs
needs, as defined by key HPs (geriatricians, GPs and accredited pharmacists);
3. To develop the information delivery framework based on additional requirements defined
by;
a. Exploring past successes and failures;
b. Examining the clinical decision making process;
4. To pilot test the developed information delivery framework and
a. Define areas for improvement;
b. Further define requirements for an information delivery framework that assists HPs

in making clinical decisions in complex patients, such the aged.

The hypothesis of this research was that HPs’ information needs were not currently being met and

would require the identification, development and testing of an information delivery framework that

would address their needs.
The research consisted of three phases with the following objectives:

Phase 1: Definition of information delivery framework requirements based on HP interviews and

literature review;

Phase 2: Information delivery framework development, including detailed design and knowledge

acquisition;

Phase 3: Information delivery framework usability evaluation by potential users and requirement

refinement.
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2.5 Research Overview

( AIM: to identify information needs when delivering health care to complex patients such as )
the aged, and to design and develop an information delivery framework that assists with
clinical decision making in complex patients that is considered useable and informative by

target HPs.

A
4 N\

Interviews: are the current information resources satisfactory?:
e Explore health professional (HP) satisfaction with current Information resources; and

e Explore HP preferences in information delivery when dealing with complex aged patients
g J

!

[Clinical Decision Support Software (CDSS) Required ]

Design and development of CDSS intended to meet HP information needs when caring for complex
patients, such as the aged, using agile method: MedManAGE

Literature Review Guidelines, indicators and standards
oPast failures of:

eFeatures promoting CDSS success eAppropriate prescribing

oHP desires eMedication review

Y * \ 4

High Level Requirements Low Level
eOverall features/ functionality Requirements Knowledge base
eProcess model eDatabase Model
eInterface design eAlgorithms A
A A A
Guidelines, indicators and standards Disease state management
of: guidelines
eSoftware development
eUsability Guidelines Drug monographs
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[ CONCLUSION: Refined information delivery requirements. ]
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Chapter 2: Methodology

This chapter has been divided into three sections describing the major areas in this thesis:

1. Qualitative Research Techniques — Eliciting User Requirements
2. System Development

3. Usability Evaluation

Sample size and recruitment techniques are discussed at the end of this chapter as they are relevant

to all experimental components of this research.

A summary of the methods used and brief rationale for each phase of this research is provided at

the end of this chapter.

3.1 Qualitative Research Techniques - Eliciting User

Requirements

Qualitative research describes research which involves information that is predominantly, but not
always, non-quantitative in nature.(1) It is commonly used to explore social phenomena such as
human experiences, social interactions and reflection on a given topic.(1, 2) Qualitative research has
traditionally been used in the social science field,(3) but has been successfully employed in health
research to describe both practitioner and patient experiences,(3, 4) as well as usability evaluation
of information technology (IT) systems.(5, 6) Qualitative methods are most valuable to explore topics
where the literature is sparse.(7) There are three main methods that can be used to elicit this type of

information:(7)

1. Observational Techniques
2. Personal Interviews

3. Focus Groups

This doctoral research required the use of qualitative techniques to explore the views and attitudes
of key consumer groups regarding information requirements during clinical decision making when
caring for complex patients, whether currently available resources met these requirements (Chapter
3: Resources for disease state management — what do health professionals want?) and to evaluate
the information resource developed as a result of this research (Chapter 6: Provision of patient

relevant information during complex clinical decision making: Usability evaluation).
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3.1.1 Observational Techniques
Observational techniques involve the researcher (observer) observing people (participants) in their

usual environments,(8) and is also known as “field research”.(7) Participants can either be unaware

(observation) or aware (participant observation) that they are being observed.(8)

This type of research is generally used to observe natural behaviours that may not be highlighted
during focus group or interview techniques because participants are either unaware of the
behaviours or are unwilling to discuss them.(7-9) These techniques are not suited for gathering non-
observable data such as thought processes(9) and was not considered appropriate to explore health

professional (HP) information needs.

Although observational methods can be useful for usability evaluation and gain insight into how
systems are used in real life,(5) it requires a working system suitable to the work environment. As
this research resulted in the development of a prototype system not suited to the work
environment, observational techniques were not used during the system evaluation phase of this

research.

3.1.2 Personal Interviews
Personal interviews are usually conducted face to face with an interviewer asking questions of an

interviewee in an attempt to collect information on a research topic.(10) One way to know if
personal interviews should be used is if all other qualitative methods have been eliminated as

inappropriate.(10)

It is generally recommended that interactions are video or audio recorded and transcribed verbatim
as this allows the interviewer to engage with the interviewee, rather than be distracted by taking
notes.(7, 11) It is also recommended that the interviewer make notes on general observations of the

interviewee (e.g. body language) after the interview concludes.(7)

Interviews can be practical to conduct as they can be organised at a time and place of both the
interviewee’s and the interviewer’s convenience;(7) however, they are generally time-consuming
and potentially expensive if remuneration is offered to interviewees.(7) Interviews also lack any
social pressures to conform to a group view or discussion domination that can occur in other
methods such as focus groups (2.1.3 Focus Groups). As interviews are conducted face-to-face, some
interviewees may be reluctant to answer truthfully; this can be resolved by taking measures to

assure confidentiality.(2, 10)

Interviewer bias can influence the results of any interview.(10) Giving clues to the participant about

the interviewers preconceived attitudes, motivations and expectations can potentially bias the
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responses from the participant.(10) This can be avoided by remaining non-directive during an

interview, while keeping the interview focused on the issue being explored by:(11)

e Knowing the purpose of the interview;
e Asking appropriate questions in order to gain the information required; and

e Giving appropriate verbal and non-verbal feedback to the interviewee.

Interview skills may take time to develop and it is therefore recommended that the interviewer is

well rehearsed prior to starting interview based research.(10)

3.1.2.1 Interview methods
There are three basic formats that describe interview methods, each of which serve a particular

purpose.

3.1.2.1.1 Structured Interviews

This type of interview represents a verbal questionnaire, and is usually used where a questionnaire
or survey would be impractical to administer,(10) and for this reason is considered more of a
guantitative rather than qualitative research method.(7) The questions are administered in a
standardised manner and usually require a fixed answer — e.g. “is your health good, fair, or
poor?”.(11) This also means that questions and answers must be decided a priori and are of little use
in an exploratory study; therefore, structured interviews were not chosen for the first phase of this

research.

3.1.2.1.2 Unstructured Interviews

This type of interview typically cover one or two topics, but in great detail, and are therefore also
known as in depth interviews.(10, 11) They usually begin with open-ended questions allowing the
interviewee to answer freely, and not be confined to set answers.(10, 11) In addition, the
interviewers job is to encourage the interviewee to talk liberally and fully answer the question at
hand, and explore topics brought up by asking additional questions.(10) Although the amount and
type of data collected from unstructured interviews can be vast and complex, it was not considered
appropriate for the first phase of this research as this technique allows for the exploration of only a

few topics at a time.

3.1.2.1.3 Semi-structured Interviews

This type of interview is somewhere between structured and unstructured interviews. As the name
suggests, the interviewee follows an interview guide, but also has the liberty of asking probing
questions in order to explore additional ideas raised during the interview.(7, 10, 11) Unlike

structured interviews, semi-structured interviews allow for evolution of the question guide in light of
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new ideas, questions and topics raised in prior interviews.(8) Both unstructured and semi-structured
interviews allow for clarification of the interviewees response, improving the accuracy of the data
collected.(10) Interviews can be used in the initial stages of information system design and
development in order to generate ideas, or to collect data on user perception and feedback of the
system and specific functions.(5, 6, 12-14) It is for these reasons semi-structured interviews were
chosen for the first phase of this research to explore HP information needs and generate ideas for
system design (Chapter 3: Resources for disease state management — what do health professionals

want?).

3.1.3 Focus Groups

Some types of focus groups can be thought of as group interviews which exploit group dynamics in
order to collect data on a focused topic.(8, 15) They are typically conducted with 4-8 participants per
group, where too few participants may result in discussion domination and too many may result in
an uncontrolled discussion.(7) The number of groups required will depend on the purpose of the
research; any one project may consist of 3-6 to over 50 groups, depending on the desired
outcome.(15) Sampling should be purposive (2.5 Recruitment Techniques) to allow for homogenous

groups where variables that could influence a study are uniform within each group.(7, 15)

Discussions during focus groups are, as the name suggests, focused and require a clear goal for
discussion with a set questions that can be used as a discussion guide.(16) Questions should be
short, clear, easy to say, open ended and evoke discussion.(16) As with personal interviews, focus
groups should be video or audio recorded and transcribed verbatim for analysis, while researchers
may also take additional notes to help with transcript analysis or to highlight key points identified

during the session.(16)

Focus groups are quick and relatively simple to conduct, meaning that they are also potentially less
expensive than other qualitative methods;(7) however, researchers may have difficulty in
interpreting the focus group recordings during data analysis.(8) Group interaction can be used to
deepen discussion as participants bounce ideas off one another and new issues are brought up that
individuals may not have thought of during personal interviews.(7, 15) Focus groups are
advantageous where group interactions and common language need to be explored.(8) Some
suggest that they can be used to explore attitudes towards sensitive topics,(15) while others suggest
that sensitive topics are poor candidates.(7) Other disadvantages include compromise in
confidentiality or anonymity (c.f. personal interviews) or aggressive participants resulting in others
holding back information or changing their ideas to suit the group’s majority view.(8, 15) There are

also logistical issues with finding an appropriate space and time to conduct focus groups.(7)
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Focus groups were not used to explore HP information needs in the first phase of this research
(Chapter 3: Resources for disease state management — what do health professionals want?) due to
potential confidentiality compromise, peer judgment regarding personal prescribing practices and
inability to discuss a wide range of topics. They were used during the usability evaluation phase of
this research to supplement questionnaire data (Chapter 6: Provision of patient relevant information
during complex clinical decision making: Usability evaluation and 2.3.2.1 Questionnaires) as they can
gauge in-depth information regarding the prototype interface and its perceived usefulness and how
it can be improved, HPs’ reasoning behind these opinions and additional requirements that may not
have been generated during interviews (2.1.2 Personal Interviews) or questionnaire feedback.(7, 15,

16)

3.1.4 Qualitative Data analysis
Data analysis tends to occur alongside data collection during qualitative research.(17) Unlike

guantitative analysis where there is a “manipulation of numerical data”, qualitative analysis is

“characterised by the development and manipulation of concepts”.(4)
There are two main methods for analysing qualitative data:

1. Inductive analysis is where the data is analysed and themes and theories emerge as a result;
an example of this type of analysis is the grounded theory approach.(17)
2. Deductive analysis uses more of a “frame work approach”, where anticipated themes are

used as a starting point for analysis.(17)

In order to ensure reliability of qualitative data interpretation, it is generally recommended that two
or more researchers independently analyse the data.(2) Qualitative research can produce large
guantities of data which can be difficult to analyse; however, there are a number of programs

developed specifically to help researches make sense of qualitative data.(17)

As themes were anticipated prior to qualitative research conducted, deductive analysis was used
during data analysis of interviews (Chapter 3: Resources for disease state management — what do
health professionals want?), qualitative component of the questionnaire and focus group feedback
(Chapter 6: Provision of patient relevant information during complex clinical decision making:

Usability evaluation).
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3.2 System Development

3.2.1 Decision Support Systems and Types of Logic

Information technology (IT) is widely used in healthcare in a broad range of areas including decision
support for diagnosis and evidence based medicine, Electronic Health Records (EHR),

communication, and imaging.(18)

Decision support systems (DSS) are computer based systems used to assist in decision making
processes.(19) These systems have been employed in a wide variety of fields including marketing,
finance, and health.(19) In the medical field, DSS or clinical decision support systems (CDSS) can be
used to assist practice with diagnosis and medication management.(20) They can be broadly
categorised into two basic design strategies: non-knowledge based systems and knowledge based

systems.(21)

Non-knowledge based systems use “artificial intelligence”, allowing the computer to learn from past
experiences and/or pattern recognition.(21) Artificial Neural Networks (ANN), a type of non-
knowledge based DSS, uses pattern recognition from examples input into the system in order to
form connections between things such as symptoms and diagnoses.(21) Genetic algorithms (GA),
another non-knowledge based DSS, are based on Darwin’s concept of “survival of the fittest” where
a number of algorithmic combinations are constructed in an attempt to find the best possible
solution to a given problem and repeated until the right solution is found.(21) In health, ANN are
most commonly used in diagnostic DSS, whereas GA are commonly avoided due to a lack of

reasoning transparency.(21)

A non-knowledge based CDSS was not considered appropriate for this research for one primary
reason: during the first phase of this research (Chapter 3: Resources for disease state management —
what do health professionals want?) we found that HPs want peer-reviewed, evidence-based
resources. Unlike knowledge bases systems, non-knowledge based systems do not use data from the
scientific literature or expert opinion.(21) Therefore, in order to deliver a transparent resource that

would meet the needs of HPs, a knowledge-based CDSS was considered more appropriate.
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3.2.1.1 Knowledge Based Systems

Knowledge based systems are also

) User Interf
known as expert systems because Inference Engine SErErace

__, output

their intention is to mimic the 3

problem-solving thought processes nformation from [ knowledge Base L input

reputable source(s)

of a human expert.(22)

A knowledge based system has three

basic components (Figure 1):(21)

1. Knowledge base

2. Inference or reasoning engine

3. Interface
Information needs to be built into the system (knowledge) and rules use used to extrapolate
information in order to give the user the information they require (inference engine).(21) Finally
there needs to be some way the system communicates with the user (interface).(21) Patient data
input may be manual or automatic/electronic, depending on whether or not the system is integrated
with any EHR.(21) Output may be in the form of alerts, recommendations, or other notifications and

can be displayed on screen or as a printable report.(21)

3.2.2 Limitations to Expert Systems
Expert systems have some limitations. Each aspect of human reasoning, including aspects which may

seem “common sense”, need to be included within the system itself and some aspects of human
reasoning cannot be described using logical reasoning.(22) Updating expert systems with new
information can be difficult and time consuming.(22) How these limitations have been overcome is
outlined later in this thesis (2.2.3.1.4 Database Architecture, Chapter 4: Ingredients of a Successful
Clinical Decision Support System: Results from Design, Development and Usability Testing and

Chapter 5: Developing the Business Rule Engine).

3.2.3 System Development Lifecycle

System development methodologies can be split into agile and non-agile, or iterative and formal/
linear methods.(23) Agile methods use continual testing to produce feedback, resulting in changes to
system components (Figure 2).(23-25) This means that unlike formal methods where testing occurs
towards the implementation stage of system development, agile methodology can discover and
rectify issues early in the design and development process.(26) Agile methods have been shown to
be more effective and successful in providing usable systems and are preferable for system

development where the interface is the major component of the system;(27, 28) therefore, the agile
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method was chosen for this research (Chapter 4: Ingredients of a Successful Clinical Decision Support

System: Results from Design, Development and Usability Testing).

The National Aeronautics and Space Administration (NASA) describes a system development lifecycle

characterised by:(28)

1. Requirement definition and analysis, defining what the system must do in order to meet
user needs;

2. Preliminary design: database architecture, object functionality and interface design begins in

order to meet requirements;

Detailed design: detailed specifications not defined in preliminary design;

Implementation or coding of system;?

System Testing;

Acceptance Testing or usability evaluation; and

N oo v o~ w

Maintenance and Operation.

Although this process appears linear, all phases may continue throughout the development lifecycle;
requirements may change and therefore design, making the development process iterative in
nature.(28) This process was used for prototype system development (Chapter 4: Ingredients of a
Successful Clinical Decision Support System: Results from Design, Development and Usability

Testing).

Requirements and . Prlogram Y
software design evelopmen
coding

Simulated patients
User feedback

? Coding of system was conducted by a software programmer. All other aspects (steps 1-6, step 7 is not
applicable during this research) were managed by the PhD candidate.
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3.2.3.1 High and Low Level Requirements

High and low level system requirements need to be defined as part of the design and development
process, where high level requirements can be defined as the system overview and its components
(such as process model, interface, etc.), and low level requirements can be defined as the database

architecture and algorithms.(28)

3.2.3.1.1 Input/output - User Interface
This is how the program interacts with the user —i.e. the interface. The user interface design will
depend on system requirements.(28) Usability guidelines and principals should be adhered to when

designing the user interface.(29-31)

The interface was designed using MS Power Point®(32) and used as the fundamental design for the
programmer to use during coding. The basic interface design can be found on the CD-ROM provided

with this thesis.

3.2.3.1.2 Process Model Design

The process model provides the overview of what the program will do and what information is
required which assists with database design. Process modelling was initially established as a tool for
organisational design that describes responsibilities or object flow.(33) With respect to system
development, the process model describes flow of information and data storage, processes and

practices.(33) This is the foundation for any system as it describes the overall design.

MS Visio®(34) was used to design the process model. Details of the development of the process
model can be found in Chapter 4: Ingredients of a Successful Clinical Decision Support System:

Results from Design, Development and Usability Testing.

3.2.3.1.3 Inference Engine

This is where rules put in place in the knowledge base are
IF not allergic to penicillin

programmed in such a way that they are capable of mimicking THEN use amoxycillin

human reasoning; this has been most successfully done with a rule- IF allergic to penicillin
THEN use roxithromycin

based or logic-based approach,(22, 35) where “each rule specifies

that if certain conditions can be established as true, then certain

conclusions can be regarded as valid” (Figure 3).(22) This can also be

thought of as a procedural knowledge representation of the knowledge base.(35) The inference

engine rules are based on business rules or algorithms and can be thought of as the logic within a

system.
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One example of this type of inference engine is MYCIN, an expert system built to recommend both
diagnosis and treatment for infectious diseases based on patient symptom input.(20, 35) Other
diagnostic examples include the INTERNIST-1 system (diagnosis of diseases in internal medicine),
CASNET system (diagnosis of various glaucomas), the PIP system (diagnoses of kidney diseases),(20)

and the ESP system (diagnosis and treatment of poisoning).(36)

MS Word®(37) was used to document the business rules. Details of the development of the business
rules can be found in Chapter 4: Ingredients of a Successful Clinical Decision Support System: Results
from Design, Development and Usability Testing and Chapter 5: Developing the Business Rule

Engine.

3.2.3.1.4 Database Architecture

The knowledge of an expert system needs to be stored in a database that has been appropriately
designed.(22) For instance, if a system is to identify that amoxicillin is inappropriate for a patient
because they have a penicillin allergy, the information that states that amoxicillin is a penicillin

antibiotic must to be within the knowledge base or database.

Databases not only store data or information, but also describe the relationship between the data,
while allowing the user to store information without being concerned with how it is physically
stored.(38) Databases are managed using database management systems (DBMS), including creating
database structure and associated relationships, extraction and modification of data, and limiting
access to data through the use of usernames and passwords.(38) There are a number of different
database models describing how the data is stored, including, file processing systems, hierarchical,
network, object orientated database management systems, and relational database management
systems.(39) Which model is used will depend on the nature of the data that needs to be stored.(40-
42) The most commonly used are the hierarchical (e.g. XML) and relational models; the differences

in these databases are described in Table 1.

Table 1: Comparison of XML and relational database model.(42)

XML Relational

Data is hierarchical Data can be represented by logical relationships
Data is self-describing Data is not self-describing

Data has an inherent “order” Data does not have an inherent order

Other CDSS developers have used XML or non-relational database archetypes due to the hierarchical

nature of diseases and symptoms.(43-47) However, the clinical decision-making process is non-
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hierarchical, has no inherent order and can be easily represented by logical relationships between
data (Chapter 4: Ingredients of a Successful Clinical Decision Support System: Results from Design,

Development and Usability Testing).

In order to overcome issues with updating the system developed as part of this research, a business
rule engine was developed. Business rule engines have business rules built into the database, which
simplifies system development as the rules are independent of code.(48) This also allows for

changes to the business rules without code modification.(48)

Database design depends on the process model, the business rules, and system requirements.
Terminology used should be standardised within the database in order to minimise confusion and

error.(49)

MS Access®(50) DBMS was used to design the database and was converted to MS SQL server®(51)
for a multi-user environment. Details of the database design and development can be found in
Chapter 4: Ingredients of a Successful Clinical Decision Support System: Results from Design,

Development and Usability Testing and Chapter 5: Developing the Business Rule Engine.

3.2.3.1.4.1 Knowledge Acquisition
The knowledge used to develop this expert system was gathered from peer-reviewed evidence-

based guidelines and position statements, government websites and documents and reference
books developed by reputable Australian sources. Where this information was lacking, peer-
reviewed evidence-based guidelines from countries similar to Australia, such as the UK or USA, were
used, focusing only on therapies relevant to, and available in, Australia. If further information was
required, peer-reviewed evidence-based guidelines from other sources, or primary literature, were
used where appropriate. Keeping in line with the National Health and Medical Research Council

requirements,(52) all sources used were clearly referenced within the expert system.

The primary disease chosen for the prototype was type 2 diabetes and its two commonly associated
co-morbidities: hyperlipidaemia and osteoporosis. These conditions encompass three of the eight
national health priority areas.(53) The drugs included in the system are those used to treat the
aforementioned diseases, as well as those used by simulated patients/ case vignettes used for

system testing.

These decisions are based on information gathered from HPs interviews during the first phase of this
research and on the features associated with success as described in Chapter 4: Ingredients of a
Successful Clinical Decision Support System: Results from Design, Development and Usability

Testing. Details of knowledge acquisition can be found in Chapter 4: Ingredients of a Successful
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Clinical Decision Support System: Results from Design, Development and Usability Testing and

Chapter 5: Developing the Business Rule Engine.

Literature Review

ePast failures

eFeatures promoting CDSS success
oHP desires

Guidelines, indicators and standards
of:

eAppropriate prescribing
eMedication review

A\ 4

v

\ 4

High Level Requirements
eOverall features/ functionality
eProcess model

eInterface design

Low Level
Requirements
eDatabase Model
eAlgorithms A

Knowledge base

T 1

Guidelines, indicators and standards
of:

eSoftware development

eUsability Guidelines

3.3 Usability Evaluation

The purpose of usability evaluation is to decrease system errors with use and improve user

satisfaction and productivity.(54) Factors that affect usability include efficiency, understandability,

T |

Disease state management
guidelines

Drug monographs

e e e e e =t

error prevention, accuracy, attractiveness and learnability.(54-56) Factors examined during usability

evaluation depend on the technique used; no single technique describes all usability issues and it is

therefore best to use a combination of techniques to identify the majority of issues prior to use in

real settings.(56, 57)

Usability evaluation techniques can be formative or summative.(54) Formative techniques are used

during the design and development process and are more qualitative in nature, whereas summative

techniques are intended to validate the system towards the end of the development process.(54)
This research aimed to define the requirements of an information delivery framework for complex

patients and to build and test a prototype system; therefore, summative techniques were not

considered appropriate at this stage of system development.

Formative evaluation techniques can be grouped under three major headings:(5)

1.

Inspection Methods
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2. Usability Inquiry
3. Usability Testing

These can be further subdivided. The following sections will briefly describe the techniques, their

strengths and weaknesses, and rationale for use/non-use.

Table 2: Usability evaluation techniques

Evaluation technique _ Advantages _ _______ ___ Disadvantages

Inspection techniques

Disadvantages

Heuristic Evaluation Relatively quick
Cost-effective
Can be used early on with interface story
boards or prototype systems

Need multiple expert
evaluators

Cognitive Can be used early on with interface story
Walkthrough boards or prototype systems

Need multiple expert
evaluators
Time consuming to conduct

Usability Inquiry

Field observation Allows for insight into how a system is Unable to explore user’s
used in real life thoughts and views
Interviews Relatively inexpensive Qualitative data requires time
Allows for detailed insight consuming data evaluation
Questionnaires Inexpensive Inappropriate for objective
Relatively quick to administer and measures
evaluate Inappropriate for exploratory

Can be administered remotely
Good for subjective measures

studies unless supplemented by
qualitative techniques

Potential for ambiguity of
guestions and written
responses

Focus Groups Quick to conduct
Relatively cheap to conduct
Able to gain in depth information on one
topic
Able to generate more ideas than
interviews

Time consuming data analysis
May be logistically difficult as
participants need to be in one
room

Not appropriate for sensitive

topics

Usability Testing

Usability testing Gains insight into actual user interaction
with the system in a controlled
environment
Information or insights gained can be
implemented immediately

Potentially expensive
Requires recording equipment
Participants may not feel
“natural” due to controlled
testing environment

3.3.1 Inspection Methods

Inspection methods require usability experts and other professionals, such as software developers or

users, to examine the proposed user interface or prototype to identify usability related issues with

the use of a guide.(5, 55) Occasionally, inspection methods will attach a severity level to identified

issues in order to help prioritise the order in which they should be resolved.(57-59) Inspection
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techniques should be used in conjunction with other evaluation techniques to identify missed
issues.(57) These methods are inexpensive and faster to perform than other usability evaluation

techniques.(6, 55)

Heuristic evaluation requires evaluators to judge whether or not an interface meets the criteria of a
set of usability principals or “heuristics”, and can be applied early in the design and development
process including on interface story boards.(57, 60) Heuristic evaluation is best used early in the
design process to allow for early identification and resolution of user interface issues.(5) They are
capable of finding approximately 42% of all major and 32% of all minor user interface issues,
although they should be supplemented by severity rating of identified issues and other usability
evaluation techniques.(61) The most famous set of heuristics are “Nielson’s Heuristics”,(31) which
consist of 10 general principles for interface design. Other heuristics have been developed and cover
similar principles including consistency, error management, adaptability, user control and freedom,
low memory load and compatibility with real world.(62, 63) Heuristic evaluations require multiple
evaluators to examine the system independently; 75% of all usability issues can be uncovered with
approximately 5 evaluators.(5, 64) Although usability novices can identify usability problems using
heuristics, experts are generally recommended as the number of issues found by usability experts is

comparable to usability testing (2.3.3 Usability Testing).(60, 65)

Cognitive walkthrough involves one, or a group of, usability experts using a description of a
simulated user and inspecting the interface in order to assess the learnability of the system.(5, 60,

66) Evaluators can use a set of questions to help assess system learnability, for example:(59, 60, 66,

67)
1. What effect was the user trying to achieve by selecting this action?
2. How did the user know that this action was available?
3. Did the selected action achieve the desired effect?
4. When the action was selected, could the user determine how things were going?

Like heuristic evaluation, cognitive walkthroughs can be used early in the design and development
process without the need for a working prototype.(67) They can be time consuming to conduct,
however, and require extensive evaluator training, making them costly to researchers if evaluators

are not usability experts.(59, 60)

As access to usability experts was not available, inspection methods were not used, however,
Nielson’s Heuristics(31) were used as a guide during design and development of the system

prototype. In addition, learnability questions listed above were used during usability testing in order
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to help gauge how easily participants learnt to use the system (2.3.3 Usability Testing and Chapter 4:
Ingredients of a Successful Clinical Decision Support System: Results from Design, Development and

Usability Testing).

3.3.2 Usability Inquiry

Usability inquiry techniques are qualitative in nature and are intended to gain information regarding
the users’ experiences during system interaction.(5) Many of the basic principles have been
discussed at the beginning of this chapter (2.1 Qualitative Research Techniques — Eliciting User

Requirements); additional details are presented below.

User satisfaction does not correlate well with some measures of usability, such as effectiveness and
efficacy,(54) however, it is still an important component of system design and development,
especially in the early stages, as user involvement during this stage has been shown to increase CDSS

success.(14, 68-70)
There are four main methods used during usability inquiry:

Observational Techniques;
Interviews;

Focus groups; and

R A

Questionnaires

Observational techniques, Interviews and Focus Groups have been discussed previously under
Qualitative Research Techniques in sections 2.1.1, 2.1.2 and 2.1.3. Questionnaires can be qualitative

and quantitative and are discussed below.

3.3.2.1 Questionnaires

Questionnaires research is used as an objective method to collect subjective data such as people’s
knowledge, beliefs, attitudes, and behaviour.(5, 71) They are practical to use as they can be
administered online or through email links and if access to the internet is unavailable, a hard copy

can be given to, or mailed to, participants.(5)

Questionnaires are not appropriate in all situations, particularly during exploratory stages of
research, as answers tend to be predetermined unless open ended.(56, 71) They are also
inappropriate as absolute measures of objective information, such as usual practice (e.g. usual
prescribing practices by medical practitioners, usual diet, smoking and drug taking habits, etc.) or in
“needs assessment” studies unless supplemented by other qualitative research methods.(71) Closed

ended questions allow quick completion, clear responses and simple analysis as answers are already
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provided and data is already standardised.(71) Open ended questions or free text is recommended
at the end of questionnaires, or after particular questions or sections, in order to enrich the data
collected.(71) In order for qualitative data to be meaningful, instructions on how to answer

appropriately should be used to avoid vague or overly broad answers.(56, 71)

The usability evaluation phase of this research aimed to provide feedback from HPs on whether the
system prototype had the potential to meet their needs and to further explore system requirements.
Therefore, the usability evaluation phase of this study used questionnaires to gain subjective
feedback from potential users regarding the system prototype developed, using closed questions
combined with open-ended questions to enrich information (Chapter 6: Provision of patient relevant
information during complex clinical decision making: Usability evaluation). The results obtained from
questionnaires were supplemented by focus groups (Chapter 6: Provision of patient relevant

information during complex clinical decision making: Usability evaluation).

3.3.2.1.1 Choice of Questionnaire

Questionnaires can be developed de novo or previously developed questionnaires can be used as a
template or in their entirety.(2) The advantages of using a previously developed questionnaire is that
its reliability and validity will have already been established - namely face, construct, criterion, and
content validity.(2) However, if a template is used, the questionnaire must be re-evaluated to ensure
that any changes in the question wording have not altered the validity of the survey.(2) If a new or
altered questionnaire is developed, face and content validity can be assessed using appropriate
experts and consumers.(72) After face and content validity testing, internal validity testing can be
conducted by piloting the questionnaire.(2) Ideally this should occur at least twice, some weeks
apart, in order to evaluate reliability of the questionnaire.(2) Things which can affect the reliability of
a questionnaire include ambiguous wording and inability of respondents to give accurate

information.(2)

In order to save time and resources it is desirable to choose a previously developed questionnaire.
When choosing a questionnaire, researchers need to consider the following: questionnaire validity,

reliability, and purpose.(71)

3.3.2.1.1.1 Validity and Reliability
There are different types of validity, each of which needs to be established before using a

questionnaire.
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External validity refers to how generalizable results are to the rest of the target population.(73)
External validity will be affected by the sample used to complete a questionnaire, the environment

in which the study was completed and the time in which it was completed.(74)

Face validity is “a subjective judgement of whether the tool... is a good measure or not”, whereas
content validity: “an exhaustive review by an expert panel to decide whether the types of questions
(items) adequately cover the behaviour that you are interested in measuring”.(73) Researchers
choosing a questionnaire should ensure that appropriate experts have assessed the face and content

validity.(73)

Construct validity refers to how much agreement there is between the theoretical concept being
measured and a specific measuring device or procedure.(73) In other words, how well the
guestionnaire actually measures what it intends to measure.(75) The construct validity of a
guestionnaire evaluating usability will be determined by what aspect of usability is being measured —
e.g. work load, efficiency, appeal, etc. Similar to construct validity is internal validity, which concerns
itself with a causal relationship between two things.(74) For example, implementation of a “healthy
eating program” that includes a meal and exercise plan may have internal validity in that improves
overall health, but does not have construct validity as it may have been exercise or other
components that have also improved health.(74) With regard to a usability questionnaire, internal

validity is not required as there is no causal relationship between the questionnaire and an outcome.

Questionnaires aim to address certain over-arching issues. The explicit nature of questionnaires
means that questionnaire developers must consider all potential aspects within the issue being
addressed. Without this consideration, vital information which deepens our understanding may be
missed and introduce misconceptions.(76) Within a given issue, there are primary domains that
address the complexities that can influence a person’s attitudes or practices. Each of these primary

domains needs to be addressed in order to establish construct validity.

Primary domains can be further subdivided into secondary domains, which in-turn can be described
by a number of factors. The factors within a secondary domain need to be unidirectional in nature in
that they address the same domain, giving the questionnaire internal consistency. The internal

consistency can be measured using Cronbach’s alpha® (a co-efficient of reliability; where Cronbach

k Zs‘;’)

c=—1\1—-

k—1 5
® Cronbach alpha: T where k is the number of items or factors, szi is the variance of
the i item, and s’ is the variance of the total score from all the items.(77.)
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alpha € [0,1]), where a value greater than 0.7 is considered to demonstrate consistency.(2) Note

that internal validity only refers to closed-ended questions.

Domains can be established from a literature search or where the literature is lacking or incomplete,
they can be extrapolated from in depth interviews; alternatively a mixture of both methods can be
used. For example, McKinney et al developed their “measurement of Web-Customer satisfaction”
survey construct directly from the literature,(78) whereas Bailey and Pearson in their development
of “a tool for measuring and analysing computer user satisfaction” used both a literature review and

subsequent interviews to develop their survey construct.(72)

Questions that are developed must be appropriate, meaning that they cannot be “loaded” or
“leading” questions which can bias response, or double-barrelled questions which can lead to
confusion.(76) The order in which questions are delivered can lead to order bias and can be avoided

by giving two or more versions of the same questionnaire during piloting.(78)

Closed answer questions must be responded to with pre-determined answers, which can be on a
scale, dichotomous, or use multiple answers where the responses are not mutually exclusive.(76)
When developing scales, careful consideration needs to be applied to number of intervals, whether
there are an odd or even number of intervals and whether numbers or words are used to describe
scale intervals.(2) Inappropriate scale use for can lead to biased answers.(76) Answers, in the same
way as the questions themselves, need to be tested for face, content and construct validity, and

reliability.

Finally, questionnaires need to be tested for test-retest reliability, to ensure the same results are

achieved over time.(73)

3.3.2.1.1.2 Questionnaire Purpose and Choice of Questionnaire
This phase of the research aimed to measure HP satisfaction with the way in which information was

presented by the prototype system developed. Questionnaires administered during usability
evaluation are commonly developed locally without the standard development rigour found in the
social and health sciences; many studies provide minimal information regarding questionnaire
development or details of the questions themselves.(79) Standard questionnaires have been
developed in order to examine different aspects that contribute to user satisfaction and examine
various aspects of usability to varying degrees of detail, including overall satisfaction, and perceived
work load, efficacy, efficiency and usefulness.(55) For example, the NASA Task Load Index measures
subjective mental workload for completing a task,(80) whereas System Usability Scale measures

overall subjective satisfaction with task completion.(81)
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For the usability evaluation phase of this research IBMs Computer Software Usability Questionnaire
(CsUQ), a slightly modified version of the Post-Study System Usability Questionnaire (PSSUQ), has
been chosen to evaluate HPs satisfaction with the system prototype (Chapter 6: Provision of patient
relevant information during complex clinical decision making: Usability evaluation). Both
guestionnaires measure overall usability, system satisfaction, information quality and interface
quality.(82) CSUQ and PSSUQ have good reliability overall and within the subscales.(82) In addition,
the PSSUQ has been shown as a good predictor of other usability indicators such as successful task
completion.(82, 83) Due to the similarities between CSUQ and PSSUQ, the two questionnaires are
can be considered interchangeable with regard to reliability and validity.(82) One limitation of
guestionnaire research is inappropriate response or non-response to questions,(84) however, the
CSUQ is designed to be used on a variety of systems, where not all questions may be relevant.(82) In
order to manage non-responses, developers of CSUQ instruct questionnaire users to average the

score of answered questions.(82)

The CSUQ is designed to be administered after system use.(82) Direct interaction with the system by
potential users (pharmacists and medical practitioners) was initially planned; however, the
recruitment strategy used was unsuccessful (Chapter 6: Provision of patient relevant information
during complex clinical decision making: Usability evaluation). Therefore potential users evaluated
the system after a demonstration (Chapter 6: Provision of patient relevant information during
complex clinical decision making: Usability evaluation). As the participants did not have direct
interaction with the system, minor modification of the CSUQ wording was necessary; for example “it
is simple to use this system” was changed to “l would find it simple to use [the system]”. As a result,
the modified CSUQ was revalidated (Chapter 6: Provision of patient relevant information during

complex clinical decision making: Usability evaluation).

3.3.2.1.2 Data analysis
Questionnaire data is primarily quantitative in nature, unless open-ended questions are used; in this

case, usual qualitative data analysis techniques should be used (2.1.4 Qualitative Data analysis).

The type of data analysis used will depend on the study question and type of data collected. For
research with no hypothesis, no statistical tests are required and descriptive statistics are an
adequate way to illustrate results.(85) Questionnaire research methods are not robust methods for
hypothesis testing as they are subjective and do not give temporal data; however, they are useful in

hypothesis generation from resulting associations and correlations.(86)

If researchers wish to test a hypothesis or find correlations, the type of statistical test will depend on

the type of data collected (paired, unpaired, nominal, ordinal, discrete, categorical) and how the
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data is distributed (normal versus non-normal).(85) Choice of statistical test should be made in

consultation with a statistician.

As no hypothesis was tested during the usability evaluation of this study, descriptive statistics were
used to describe questionnaire data and establish correlations between participant characteristics
and overall usability (Chapter 6: Provision of patient relevant information during complex clinical
decision making: Usability evaluation). As the CSUQ uses a 7-point scale (when averaged is a
continuous variable) choice of correlation test was dependent on the nature of the participant

characteristic data.(82)

3.3.3 Usability Testing

Usability testing requires representative users to use the system in order to complete typical
tasks.(5, 6) There are multiple usability testing methods but all have the same general concepts with

slight variations regarding:(5)

e Environment — where the study is conducted: real life, laboratory, remotely;
e Study question — learnability of the system, task completion correctness or efficiency; and

e Equipment used — eye tracking devices, screen capture, video recording.

Usability testing is used early in the development process to allow for identification of major issues

before it becomes too difficult and expensive to fix them.(5)

The think-out-aloud method can be used to evaluate the learnability of a system.(87) As the name
suggests, participants are asked to verbalise their thoughts while completing tasks using the
system.(5, 87) Typically these sessions are audio or video recorded and screen capture is also
required allowing for rich qualitative data describing the user cognitive process while using the

system.(5, 87)

Usability testing is typically used early in the development process and is generally conducted after
focus groups and questionnaires.(6) However, as it allows for immediate feedback, a modified “think
aloud method” was used in this research to provide initial feedback and identification of major
usability issues regarding a working prototype before demonstration to a wider audience (Chapter 4:
Ingredients of a Successful Clinical Decision Support System: Results from Design, Development and
Usability Testing). As the aim of this phase was to identify major problems rather than an in-depth
evaluation of the cognitive process when using the prototype, a set of standard questions (2.3.1

Inspection Methods) were used rather than audio recording and screen capture. As a result this
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study can also be thought of as a “non-expert cognitive walkthrough”; such studies have been shown

to identify as many interface issues as when usability experts are used.(5, 88, 89)

3.4 Sample Size

As it is both unreasonable and potentially unethical to test an entire population, studies gathering
guantitative data require testing a sample of the population in question.(85, 90) A sample size
calculation is used to ensure that the sample reflects the population;(90) for this research it asks
how many HPs are required to provide feedback in order to reflect the opinion of the entire
population of HPs. There are numerous mathematical formulas that can be used to calculate an

appropriate sample size;(86) a commonly used formula (recommended by the statistician

Zoz/z o?
d2

consultant) is:n = where n = sample size,a = type | error, o = standard deviation and d =

anticipated effect size.

In contrast, during qualitative studies n is not statistically calculated, but is dependent on the
number of participants (i.e. interviewees, focus group participants, etc.) it takes until “data
saturation” is reached, where data saturation is considered to be the point where no new themes or

ideas are being contributed by subsequent interviews or focus groups.(7)

3.5 Recruitment Techniques

Purposive sampling involves selecting participants based on their characteristics; for instance
choosing women with breast cancer in order to explore their views of breast cancer treatment.(2)
This type of sampling is most appropriate in qualitative research because it ensures that the

participants have a depth of knowledge of the research topic.(7, 8)

Convenience sampling involves asking people who are known to the researcher to participate in the
study.(2) This type of sampling can introduce biases which the researcher may be unaware of and
may also be unrepresentative of the general/target population.(2) However, it can be appropriate in
exploratory studies in early fieldwork.(2, 91) Snowballing sampling methods, where participants

suggest new participants to be involved,(8) is considered a sub-set of convenience sampling.(2)

A combination of these methods was used in the first phase of this research (Chapter 3: Resources
for disease state management — what do health professionals want?). Convenience sampling was
used to recruit participants for initial usability testing (Chapter 4: Ingredients of a Successful Clinical

Decision Support System: Results from Design, Development and Usability Testing) whereas
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purposive sampling was employed during subsequent usability evaluation (Chapter 6: Provision of

patient relevant information during complex clinical decision making: Usability evaluation).

Finally, theoretical sampling is commonly employed in grounded theory, where the researcher
collects and evaluates data simultaneously, and changes what data to collect next in light of
emerging theories in order to examine, expand and refine them.(92) This was not used in the

present research as it was not designed to evaluate emerging theories or concepts.
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3.6 Summary of Research Methods

Table 3 summarises the methods that were used during this research and the rationale for their use.

Table 3: Summary of research methods used

Method Used Brief rationale Sampling Method
1: Identifying HP Chapter3  Semi structured personal one-on-  Exploration of information needs required thorough Purposive
information one-Interviews (2.1.2.1.3 Semi- exploration of the prescribing process, without fear of convenience
requirements structured Interviews). judgement from other participants. augmented by
snowballing
2: Prototype system Chapters 4  Agile methodology (2.2.3 System More efficient at producing successful and usable N/A
design and and 5 Development Lifecycle) systems.

development

3: Usability Chapter 6  Questionnaire (2.3.2.1 Able to gain qualitative and quantitative feedback from  Purposive
evaluation Questionnaires) a large group of participants and measure perceived
system usability and usefulness and identify areas of

improvement.

Focus group (2.1.3 Focus Groups) Intended to augment questionnaire results. Purposive
Allows for in-depth exploration of system usefulness
and further identification of areas of improvement and

potential solutions.
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Chapter 3: Resources for disease state
management - what do health

professionals want?

(Phase 1)

4.1 Preamble

Before developing a framework for information delivery, understanding the perceptions of
health professionals (HPs) regarding information needs and delivery preferences when caring

for complex patients is required. This required an exploration of:

e Usual clinical decision making process as described by practicing HPs caring for
complex patients;

e What information sources HPs used to inform their clinical decisions; and

e  Whether or not currently available information sources meet HP needs when

providing care to complex patients.

Despite extensive literature on potential issues with current information resources and their
ability to inform complex patient care, little is known about HP preferences regarding delivery
of required information. In order to provide an in-depth understanding of the topic, personal
semi-structured interviews were conducted with key HP: geriatricians, general practitioners
(GPs), and accredited pharmacists. These HPs are commonly responsible for the care of
complex patients, such as the aged, and are able to provide the valuable insight into
considerations taken into account when providing care, what information sources are

currently available or used in practice and whether they are adequate.

The aim of this study was to determine HPs level of satisfaction with currently available
resources and to explore the requirements for an information resource that HPs can use to
assist in disease state management that takes into account all complexities of patient care, or

at the very least, old age and multi-morbidity.
The specific objectives of this study were to elicit:

e What considerations are taken into account when making a clinical decision in

complex patients;
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e The information hurdles to providing optimal care to complex patients;

e Which information resources HPs currently use to inform their clinical decisions and
their strengths and weaknesses as perceived by HPs;

e What features an information resource should have in order to assist in clinical

decision making in a practical and useful way.

This information will partially fulfil the objectives of Phase 1: to define the requirements of an
information delivery framework based on HP interviews and literature review (1.4 Summary,

Thesis Hypothesis, Aims and Objectives).
What this manuscript adds to the current knowledge

To the best of the candidate’s knowledge, this was the first study to investigate HPs
preferences regarding information delivery when managing complex patients such as the
aged. This study provides information on how HP manage complex patients and methods
they use to inform their clinical decision-making. Ultimately it provides information on the
fundamental features of an information delivery framework as desired by practising HP

including format, design, and information display and requirements.

As the participants primarily discussed these features in the context of an electronic
information resource, the open access online electronic Journal of Health Informatics

appropriately targets an audience involved in electronic health resource development.
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Abstract

Objecuves: Many medication management resources aim to improve the quality of prescribing. but
simple resources naively do not address potential interactions when there are many diseases and many
medications, while complex ones seem impractical to use during consultations. Limited work has
explored health professional preferences regarding information resources for complex patients. This
study aimed to explore the requirements for an information resource that HPs can use to assist in
disease state management that takes mio account all complexities of patient care, or at the very least,
old age and multi-morbidity.

Methods: Purposive convenience sampling was used to recruit genatricians, general practitioners
and accredited pharmacists for one hour, individual, semi-structured interviews through August 2011
o April 2012, Recruitment continued until data saturation. Nine genatricians, one GP and five
accredited pharmacists from the Melboume metropolitan area were interviewed. Thematic analysis
was conducted using NVivod software.

Results: Study participants reported current resources do not assist with complex patient prescribing
and lack relevance to the Australian setting. Difficulty in tmely access to appropriate information and
with contextualising vast amounts of new health information were identified hurdles in healthcare
delivery, as were incomplete health care records. Key features which make resources useful include
clear formatting, simplicity, use of peer-reviewed evidence-based recommendations, and ready access
via an easy to use electronic interface.

Conclusion: Cumrent resources do not meet health professionals’ needs when they seek practical
assistance when prescnibing to complex patients. Future resources need to address identified hurdles
to providing optimal care and incorporate desired features.

Keywords: Decision Support; Resource; Information; Health Professional; eHealth; Aged Care

1 Introductlon account patients with multi-morbidity, drug therapy in-
dividualisation, and end of life care. [1-4] The aged are
affected by these shortcomings. A recent large descrip-
tive study of patients in General Practices in Scotland
across all age groups showed that approximately one
quarter of all patients had more than one health care con-
dition, and the proportion of people with more than one
health condition increased with increasing age.[5] In-
deed multi-morbidity amongst older people is the norm,
rather than the exception.[5-8]

The plethora of medical studies published leaves many
health professionals (HPs) overwhelmed. To assist
HPs. information from research has been summarised
and presented in a practice ready fashion through dis-
ease specific guidelines, drug monographs, and up-date
newsletters. These information resources primarily aim
to inform HPs on the most appropriate way to manage
patient disease states. However, these resources may not
be sufficient to meet HPs needs as many fail to take into Disease state management is multifaceted, usually

The electmnic Joumal of Healh Informatics (E55M:1446-4381) & dedicaied 1o the advancement of Healh Informatics: end information echnology in healh
car. aHl is an inlematonal Open Access jpumal commited o scholady excelence end has a global madership in &l health profssions and &t al lbeals.
(E) Copyright of articies onginaly published in waw.e.JHLnel under the Creative Commons Attribution 3.0 License is retained by fhe authors.
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requiring both pharmacological (i.e.: medications) and
non-pharmacological treatments. Pharmacological ther-
apy can cure diseases, decrease symptoms of disease
and improve quality of life, or help prevent undesired
end-points such as heart attack or stroke; not using
proven pharmacological therapy could be considered
unethical medical practice. However, of increasing con-
CEMn is inappropriate medication use,[9] whether the
medication is not indicated, given at an inappropriate
dose, or the medication itself may be inappropriate for
the patient due to past allergies, adverse drug events or
potential for drug or disease interactions. Inappropriate
medication use leads to avoidable adverse drug events,
to which the aged are especially vulnerable, leading to
unnecessary medication use, general practitioner (GP)
visits, hospitalisations, residential care admission, and
even death.[10] Inappropriate medication use also keads
to increase medical costs arising from provision of ad-
ditional health care and drug use, both to treat adverse
outcomes and expenditure on inappropriate medications
themselves[11]. The 2009 National Prescribing Service
literature review of medication safety in the community
suggested that up to 30.4% of hospital admissions in the
aged were attributable to adverse drug events, almost
T0% of which were potentially preventable.[7]

Health services are increasingly challenged by the
needs of complex patients, those who have complex
medical needs, including those with multiple conditions
and that are aged. New initiatives that communicate
best practice to clinicians that take into account com-
plex patient needs are required, but how to design these
is not clear. Qualitative studies of General Practitioners’
(GPs’) and pharmacists’ experiences of managing multi-
morbidity show that guidance when managing complex
aged patients is lacking.[ 12, 13] Explicit criteria, expert
consensus lists of appropriate and inappropriate medi-
cations in the aged, are cited as time efficient tools but
lack transparency regarding the creation of recommen-
dations, of final evaluation, and many do not address
the question of multi-morbidity, limiting their use.[14]

Few studies have examined HP preferences regarding
prescribing guidelines [15], or computerised decision
suppaort tools.[16, 17] Despite many post-hoc evalua-
tions of information resources,[ 18] to our knowledge,
none have explored HP preferences regarding prescrib-
ing resources for aged and/or multi-morbid patients,
nor have they explored how best to deliver prescribing
resources in general.

We wish to create an information resource that HPs
can use to assist them in appropriate management of
disease states that takes into account all complexities
of patient care, or at the very least, old age and multi-
maorbidity. This study was undertaken to explore the

requirements of such an information resource.

2 Methods

Face to face semi-structured interviews were conducted
with geriatricians, GPs and accredited pharmacists, as it
was postulated that these HPs would have the greatest
insight to geriatric specific resources available for med-
ication management. Interviews lasted for up to one
hour, were audio recorded. and transcribed verbatim.
Ethics approval was granted by the Monash Univer-
sity Human Research Ethics Committee. Geriatrician
interviews were conducted first; GP and pharmacist in-
terviews were used to validate the insights gained from
the geriatrician interviews. Purposive convenience sam-
pling was used to recruit geriatricians and was planned
for the GPs and pharmacists, but, as there was no remu-
neration to participants, difficulties were experienced
when recruiting GPs and accredited pharmacists. Ac-
cordingly, a snowballing technique was used where GPs
and accredited pharmacists who took parnt were asked to
pass on study information to colleagues inviting them
to participate in the study. This method helped recruit
pharmacists, but only one GP was able to be recruited
for this study. The interview schedule had three parts:

1. Exploration of what HPs do when they manage a
geriatric patient, to:

a) Explore what matters they take into account
when making therapeutic decisions; and

b} Provide insights into the hurdles to providing
optimal care.

2. Exploration of what resources HPs use to assist
them in therapeutic decision making, to:

a) Explore why they use or do not use particular
resources so that features which make a resource
use ful {or not) could be identified; and

b) Provide insight into hurdles to providing optimal
care that stem from currently available resources.

3. Exploration of features desired in a medication
management resource to help therapeutic decision-
making for older people.

Data were analysed using NVivo 9(E)[19] with both
deductive and inductive approaches. Anticipated nodes
were based on interview questions and new nodes were
added as the data were analysed. Interviews with geria-
tricians were conducted until data saturation.
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3 Resulis

Nine genatricians, one GP and five accredited phar-
macists from the Melboume metropolitan area werne
interviewed between August 2011 and April 2012 (see
Table 1). Data were analysed and grouped into three
major themes: features which influence geratric medi-
cation management choice, hurdles to providing optimal
care in the aged, and desired features of a medication
management e source.

3.1 Features which Influence Gerlatric Medica-
tlon Manageme nt Cholces

The primary principle to choosing drug therapy identi-
fied in this study was goal of care. Participants based
goal of care on factors such as trading off quantity ver-
sus quality of life, their patients’ or their patients” fam-
ily’s wishes, the stage of disease, and the ability of
patients to tolerate recommended disease manage ment
strategies. Choice of therapy was also based on the
available evidence for efficacy and lack of harm — the
Hippocratic Oath’s “do no harm™ was often quoted.

“Whether that’s end of life care, whether
that’s prevemarive medicine or whether it's
sympromaric care. Because I think that then
flows on and ir’s the major crux behind any
prescribing in an older person” 4

“Okay. I think the other thing that’s really
important is the quality of life of the person.
So what are their goals in life? Do they want
a prolonged life ... and / or do they want
a quality af life. Not that they are exclusive,
they can have both.” P3

Medical, functional and social characteristics also
influenced choice. Medical characteristics considered
included co-morbidities, medication history including
failed therapies, allergies, and stage of disease. Func-
tional characteristics such as the ability to swallow, to
administer medication, to remember to take medications
as prescribed, ete. .. were taken into account when mak-
ing therapeutic choices. Social charactenstics consid-
ered included continuity of care when discharged from
hospital to community, as well as support to manage
aspects of therapy such as administration and recogni-
tion of possible adverse effects. Social support in the
community was seen as being of utmost importance for
those with cognitive impairment, physical disability or
those considered frail.

“The other big issue apart from the medica-
tion itself to me would be is this person going
to take it ! And how?” GG

“Flag the potemtial for non-compliance, and
difficuliy with compliance, not so much non-
compliance, and what are the things 1o look
for, vision, dexterity, swallowing tablets.” P53

“The social support and social network of the
patienis whe could provide the medications
on a regular basis and ensure that there is no
intolerance of side effects of the medication™
Gi

Finally, HPs weighed the financial burden and risks of
additional pharmacotherapy to patients against potential
benefits before making therapeutic decisions.

“We do have 1o consider the economics as
well for our patients in terms of can they af-
ford it" G

“Even though they may have a fairly benign
side effect profile they porentially are just
adding to the burden of polypharmacy and
can have side ¢ffects.” G6
3.2 |dentifled Hurdles to Providing Optimal
Care In the Aged

Two major hurdles in providing optimal care were identi-
fied: 1) patient information relevant to making therapeu-
tic choices was commonly missing from health records,
and 2) literature that claimed to provide information
about medication use in the aged was commonly inad-
equate or difficult to access in a timely manner. Good
health records ensure critical patient characteristics are
not missed when choosing an appropriate therapy. Some
HPs found that patient information was often not ade-
quately communicated from one HP to another, which
not only translated to inappropriate medication choice
in some cases, but also a waste of time and money for
all stake holders — medical practitioners, patients, and
funding bodies. Medical practitioners may need time
to clarify information from other HPs, or may need to
spend time conducting repeat examinations. Patients
may need to spend time and money on unnecessary
medical visits, medications, and examinations. Fund-
ing bodies are also affected; for example, each home
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HP Type and Gender Age

Mumber

Gl F 40-49 17
G2 M 30-39 10
G3 M 40-49 20
G4 M 30-39 12
G5 M 30-39 12
G F 40-49 25
G7 F 40-49 19
GE M 40-49 2
G9 F 50-39 33
GP1 M Ail-69 40
P1 F 50-39 32
P2 F A-69 40
P3 F 50-39 33
P4 M 40-49 7
P5 F 6-69 40

HP experience (yrs) Years of specialist

practice
7
1.5
6
35
5

18
11
13
22
37

3

11
14.5
14
12

Table I: Demographic Data; Key: @ = Gertatrician; GP=General Practitioner; P = Accredited Pharmacist

medication review (HMR) conducted by an accredited
pharmacist costs the Australian government $194.07;
if accredited pharmacists do not have all the appropri-
ate patient information they cannot conduct an effec-
tive review.[20] Money spent on such HMEs may be
considered wasted. Additionally, inappropriate therapy
choices stemming from incomplete medical records can
lead to additional GP visits, hospital and residential care
admissions.

“They give you tervible scribble that's aften
unreadable. .. Abbreviations are a real prob-
lem, because whoever wrote it might know
whar they mean, b often berween the nine
GPs in my practice we can’t figure out whar
they mean, so I have to ring them up.” GP1I

“If 1 don't have all the informartion it’s a huge
hindrance. .. [ ger very superficial informa-
tion from most doctors. .. To give... a good
comprehensive review. .. with the outcome
ro improve quality of life, vou need as much
information as possible... Thenl... get feed-
back from the doctor, they say well you know,
we tried this and they ended up in hospital
because of this. And [ wasn't rold that. I don’t
know why you chose this unusual drug... [
didn’t know that vou had iried this. I haven't
been given an insight.” P53

According to the study participants, a major hurdle
to providing optimal care is the paucity of aged-specific

information and even less information that is applicable
to the complex and frail patients commonly encountered
in practice. Participants found it time consuming to
identify available information. Some reported foregoing
amy searches due to time constraints. Indeed, a wide
variety of resources was used to find answers to clinical
questions, including peer experience, soft {(electronic)
and hard copy text books, decision-support software,
and information retrieved by medical and general search
engines, including guidelines and criteria published in
the primary literature, hospital databases or by other
reputable groups.

“Now as far as going online and researching
and reading the product informarion I hon-
extly don’t have iime. And I can’t dissect &™

G

When apparently appropriate primary literature was
found, some HPs commented that they felt they did
not have the skills to put the identified information into
the clinical context, especially if there were competing
results or opinions.

“The choice of drug therapy has o be guided
by evidence and we have 1o extrapolate evi-
dence from research thar has occurred mainly
in an aduli average age populaiion rather
than looking ar evidence 1o support the use
ar safety of a drug in the older population. . .
It’s a bit of guess work I guess.” P3

73



Chapter 3: Resources for disease state management — what do health professionals

want?

Stehiik et al.

electronic Journal of Health Informatics 2014; Vol 8(1):e4

Finally, community based HPs were concerned about
the cost of access to resources. Subscriptions available
to HPs in large institutions are too expensive for small
practices or for individuals, thus limiting access to rele-
vant information.

“I mean it jusi costs too much, we can't afford
1o buy muliiple copies, [the references aref
nat cheap, see thai s an isswe, cost is an issue”
GPI

“Actually the primary literature is limited for
independent pharmacisis because you can’t
always access the ... full study. So vou are ar
the mercy af abstracts which is a really poor
way 1o praciice ... Bur we are just batiling
and flving in the dark now because we just
don't have thar access. You can'’t be subscrib-
ing to all the primary journals.” P3

3.3 Desired Features of a Medicatlon Manage-
ment Resource

Participants were asked what features they felt were
“positive” or “useful” in a resource, what features they
felt were “negative”, and what features they thought
were important to include in a medication management
resource. Two general themes were identified:

331 Information Quality

HPs felt that answers to simple clinical questions were
readily available from many current resources; however,
they felt a medication management resource that can
give answers to complex clinical questions is lacking.
They felt the ideal resource would link both disease state
and drug information to assist in therapy individualisa-
tion.

“The problem with the guidelines is thar they
are not individualised for elderly parients. 5o
we need to then ... iry and individualise
them.” P3

“I think all the references they use are jusi
based on the drugs. Bur... when [ write up
my report I consider a drug disease interac-
rions quite a bir. { would like 1o have both
[drug and disease focus]™ P35

The HPs interviewed felt recommendations made by
resources should be based on peer-reviewed evidence
that puts primary information into a context with ac-
companying rationale. The level of evidence should be
described and primary sources or references provided
for transparency. The recommendations should also
be relevant to local practice, wherever that practice is
located.

“Level of evidence is very important. Two
poines: firstly.. there is still some level of evi-
dence from irials conducied in the elderiy . ..
Secondly the recommendarions should be for-
mulated by a panel of experis ... It is very
important io have both™ G3

“[Having| references... Thar’s very impor-
tant... Because I want to be able to have a
ook ar thar myself. .. why is this pamicular
book recommending it? [ want 1o go back to
the source™ P5

When asked about international literature, some felt
that it was applicable, while others felt that international
resources are not always appropriate due to differences
in practice, drug availability and costs.

“Yeah. the American ones are fairly rrans-
larable, and the philosophy seems 1o be the
same.” G2

“I think there's a need more Ausiralian based
[ puidelines]. .. wha is appropriate for Amer-
ica, or third world countries, may not be ap-
propriate for Ausiralia.” GE

Finally, HPs were generally more likely to use re-
sources in which they had confidence. To be used re-
sources should be up-to-date and produced or endorsed

by a reputable organisation.

“I think it’s important that you. .. have confi-
dence in the puideline. .. A reputable creator
or a reputable source™ G5

332 Formai

Simple suggestions such as atiention to font, smart use
of colours, and clear layout were at the heart of making
a resource useful. The right balance between simplicity
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and detail needs to be found; too much &xt can be
difficult to read, but oversimplifying is to be avoided.

“Sensible use of colowr, font, formaning so
thar it sreadable. . . If ir"s nor absolely read-
able the likelthood is that vou won't bother
using ir... "G5

“I like [the AMH | because it's always got
the little section poinis to consider.. and it’s
in dar form and it just mentions the relevani
things in a mushell thar you might need 1o
consider™ P

All but one participant (P1) suggested that the easiest
resources to use are electronic, as they are generally
more time efficient to use, and easy to update.

“Well certainly the electronic guidelines are
really easy fo use because just rext word
searching is fantasiic rather than just flick-
ing through a book .. it does save rime..”
Pi

“8o0 you have gor 1o be able 1o update it fre-
guenily because it is changing all the rime. ..
[ Referring 1o electronic resources] i's the
only way to update things™ P2

4 Dlscusslon

This study was undertaken to explore the requirements
for an information resource that HPs can use to assist in
appropriate management of disease states that takes into
account all complexities of patient care, or at the very
least, old age and multi-morbidity. Hurdles to providing
appropriate care and positive or negative features of
medication information resources were noted.

4.1 Summary of findings

Hurdles to providing optimal patient care included poor
communication among HPs resulting in inadequate
knowledge of all relevant patient information, and issues
with finding best-practice information. Poor communi-
cation of relevant patient information has been identified
in other research looking at ex periences of pnimary HPs
when caring for multi-morbid patients.[12, 13] Diffi-
culties in finding clinical information resources stem

from the huge volume of potentially relevant materi-
als, their wide dispersion, and lack of time to perform
extensive searches needed to identify appropriate in-
formation. HPs not part of large institutions faced an
additional hurdle, namely financial constraints, meaning
that they were unable to pay for subscriptions and mem-
berships that provided access to some resources. Finally,
some HPs struggled to apply the available information
to their patients especially with competing information
or opinions. Sometimes the retrieved information lacked
relevance to their patients or to local practice. Desirable
features of an information resource reflected the identi-
fied hurdles and the need to fit in with the “usual care™
process. Ideally information within resources would
use up-to-date, patent-group-specific, peer-reviewed ev-
idence, that is relevant to local practice, that provides
patient-centric answers to complex clinical questions.
The ideal resource would provide concise answers to
complex questions in a time efficient manner, with the
option of providing in-depth information regarding the
rationale and references behind any recommendations.
Preferably. the resource would be electronic.

4.2 How do our findings fit In with current liter-
ature?

Others have had similar findings regarding informa-
tion resources for HPs. Hayward et al conducted a
survey looking at “preferences [of invernisis] for how
guidelines are presented”™.[15] Aspects deemed “impor-
tant”[15] largely match the observations of our research,
including peer and organisation endorsement, use of al-
gorithms, concise summaries of recommendations and
supporting evidence. In contrast to our study, com-
puter based systems were not deemed use ful except for
those who commonly used online resources; however,
the study by Hayward was conducted in 1992, when
computer support sysiems were not commonplace in
health care. Aheamn and Kerr[16] conducted 3 focus
groups with Australian GPs in 2003 looking at their
perceptions of decision support tools within prescrib-
ing software. They reported similar characteristics that
made decision support easy to use, such as providing
concise and relevant information to the patient being
treated with the option of expanding on that information,
the marmage of drug and disease information, and use of
evidence-based guidelines to provide recommendations
within the software. [16] A 2010 Australian study used
a modified Delphi technigue to examine desired features
of electronic prescribing software, including decision
support features and their impact across four domains
— patient safety, quality of care, utility to clinicians and
utility to patients.[17] Decision support features deemed

6
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to have high impact on patient safety and quality of care
matched those found in our study, including use of up-
to-date, evidence-based information relevant to local
practice, and display of only that information relevant
to particular patients.[17] Up-to-date, simple and easy
to read information that is relevant to the patient in
question are repeated themes across HP and resource
medium type.

The major limitation of this study 1s the sampling
method. Resources were not available to provide re-
muneration to participants, which limited the sampling
method to using medical practitioners and pharmacists
known to the investigators, augmented by snowballing.
This sampling method risks recruiting like-minded study
participants and potentially results in narmow views that
are not in accord with the views of the wider popula-
tion. Further, there was only one GP. Although data
saturation was reached when all HPs wem analysed as a
group, interviewing more GPs may have uncovered new
themes. However, the validity of our results is bolstered
by the fact that they mirror other studies with GPs, both
regarding requirements for information resources and
hurdles identified to providing optimal care to aged or
multi-morbid patients.[12, 13, 16, 17] Although we set
out to define what resource health professionals want
when treating aged or complex patients specifically, our
findings indicate that the basic requirements for an in-
formation resource will remain the same irrespective
of the population group they are targeting or the health
professionals that use them.

4.3 Author recommendations

The following are recommendations by the authors for
how to meet the requirements for disease management
information resources for HP use. Our results suggest
that HPs want an electronic information sources in the
form of decision support software.

431 Providing the Patient Context

Information provided to users (i.e.. HPs) needs to be
put into patient context. This requires comprehensive,
up-to-date disease state management information and
complete patient health records. Both need to be ad-
dressed simultaneously. One solution to proving com-
plete patient health records is the electronic health
records (EHREs). A number of countries have or ame
developing patient EHRs that store patient information
in a central database and can be accessed by all treat-
ing HPs.[21] We believe that patient EHRs need to be
integrated with intelligent decision support software. In-
formation resources could list every possible scenario

where a recommendation may or may not be appropriate
in given patients —e.g.: listing all drug-drug interactions,
all drug-disease interactions, all patient groups which
may not be able to tolerate recommended drugs (for
example, metformin is the drug of choice in most type 2
diabete s patients, but is not recommended in those with
marked renal dysfunction) — but this solution would not
be practical at the point of care. Instead, we recom-
mend that information resources use data available in
patient EMEs and only display information relevant to
the patient in question. This means that EMR deve lop-
ers need to be able to capture all patient information
relevant in clinical decision making, such as swallowing
and dexterity difficulties, life expectancy, social status,
etc... in addition to simple medical records, and infor-
mation resource developers need to be able to utilise
this information.

432 Providing Up-To-Date and Relevant Infor-
mution

Our study suggests that HPs not only find it difficult to
search through information resources such a primary
literature due to time and financial constraints, but they
also find it difficult to put what little available relevant
literature there is into context. Developers should use

“local” experts in a given medical field to update the data

within the information resource. Experts are equipped
with skills that allow them review the primary litera-
ture and translate it to practice ready recommendations
for disease state management. To update information
within the resource, developers should provide an easy
touse template that integrates any new information with
existing information.

4.3.3 Design

Owr results suggest that the most user friendly resources
use sensible colours, fonts, and layout, and do not pro-
vide too much information at any one time. We did not
gather details on what is considered “sensible colours,
fonts, and layout”™ as there has been considerable re-
search in this area:[22, 23] however, it is interesting
to note that design impacted interviewed HPs willing-
ness to use an information resource and so must be
considered carefully by developers. Provision of suc-
cinct information, without over simplification can be
achieved by giving brief recommendations, with links
to further detail. Future research should elicit exactly
how much detail should be given so that HPs are able
to use the information provided without the need for
further clarification on most occasions. The authors are
in the final stages of developing a working prototype of

* EMR should read EHR
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an information resource with these recommendations —
MedManAGE. Issues such as missing patient informa-
tion, abundance of different information resources and
formats, lack of skills interpreting evidence, lack of time
to find appropriate information, and cost of resources
are expected to be improved by use of MedManAGE.

-

5 Concluslon

HPs struggle under the pressure of keeping up to date
with the latest medical literature while managing in-
creasingly more complex patients. Despite the pro-
liferation of medical literature limited information re-
source s specifically address complex patients. New ap-
proaches that communicate relevant information to HPs
in a timely and user-friendly fashion are needed. Results
from this study have begun to define of the requirements
of such a resource.
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Chapter 4: Ingredients of a Successful
Clinical Decision Support System:
Results from Design, Development and

Usability Testing

(Phase 1 continued and Phase 2 and Phase 3)

5.1 Preamble

Interviews (Chapter 3: Resources for disease state management — what do health
professionals want?) with health professionals (HPs) suggested that they feel current
resources were not adequate in assisting clinical decision making in complex patients such as
the aged and that a new resource is needed that addresses identified hurdles, has a usable
electronic interface, and provides patient relevant information using up-to-date locally

applicable evidence.

The results of these interviews indicated that HPs desired a clinical decision support system
(CDSS) with specific features (Chapter 3: Resources for disease state management — what do
health professionals want?). This only partially fulfilled the objectives of Phase 1: to define
the requirements of an information delivery framework based on HP interviews and literature
review (1.4 Summary, Thesis Hypothesis, Aims and Objectives). A literature review of
previously developed CDSS further informed the requirements of an electronic information
delivery framework. Building a CDSS involves design and development of a database, business
rules, process model, interface and acquisition of knowledge to populate the database (2.2
System Development). This information was used to design and develop the information
delivery framework. Evaluation of the framework is vital in order to determine whether or

not it is useful to practicing HPs and how information delivery can be improved.

The aim of this study was to define the fundamental elements of an information delivery

framework applicable to any CDSS.
The specific objectives of this study were to:

e Identify elements of successful CDSS by exploring past successes and failures;
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e Define the clinical decision making process;
e Design, develop and test the usability a prototype system that meets the needs of
HPs, encompasses identified elements of CDSS success and considers all the aspects

of clinical decision making.

This information completes the objectives of Phase 1 (to define the requirements of an
information delivery framework based on HP interviews and literature review) and Phase 2
(develop an information delivery framework including detailed design and knowledge
acquisition), and partially completes the objective of Phase 3 (to evaluate usability of the
information delivery framework with potential users and further refine information delivery

requirements) (1.4 Summary, Thesis Hypothesis, Aims and Objectives).
What this manuscript adds to the current knowledge

HPs have suggested that current information resources are not adequate during complex
patient clinical decision-making. This framework for delivering information to HP based on
their needs may be able to overcome the identified hurdles to providing optimal care. The

results of this study:

e Informs the general principals of CDSS success;

e Provides a universally applicable system model; and

e Defines the patient, drug and disease state management data capture required to
allow for meaningful information use and provision of decision support

recommendations.

This study is has been submitted for publication in the peer-reviewed open-access online
electronic Journal of Health Informatics which appropriately targets an audience involved in
electronic health resource development. Additional details of the business rule engine
development have been provided as a traditional chapter in this thesis (Chapter 5: Developing

the Business Rule Engine).

The system (MedManAGE) is provided on CD-ROM. Review of the program will provide a

clearer understanding of the system and context for the results of this chapter
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We describe a new clinical decision support system (CDSS) that delivers patient-relevant disease-state
management information to health professionals seeling guidance. Traditional forms of commmmicating
best practice disease state management do not adequatel\- support appropriate prescribing in patients with
comgplex needs. such as those with nmilti-morbidities or aged patients. An effective solution 15 the use of
clinical decision suppert systems. Here, we present a new CDSS framework for healtheare imformation
delivery tailored for health professional nse. Concepts described in this article could be used to as the
foundation for other CDSS and to inform electronic medical record design.

Keywords: clinical decision support system; decision support system; requirements; data-
base architecture; usability

Clinscal practice guidelines have been used to improve and standardise clinical practice. Despite po-
tential benefits, clinical gunidelines have been cnticised for failing to tale into account patients with
mmlti-merbidity, drog therapy individualisation and end of life care, and because they can be time
consuming to use.[1-4] Other bamriers to clinical guideline use include health professionals (HP) feel-
ing that their clinical autononyy is under threat, a lack of awareness of or time to search for gnidelines
and difficulties in individualization of recommendations. [5-7] Multi-morbidity 1s the norm rather than
the exception in agemng people[8-11] and as the average age of the population increases[12, 13] there
15 an increasing need for effectrve delivery of evidence based information to assist in management of
complex patients. Decision support systems (IDSS) also known as expert systems, can help overcome
barriers with clinical practice guidelines. DSS intend to nimvc human experts[14] and aim to assist
users through alerts and messages, providing definite answers where such are available or by display-
ing other information that may influence the user’s decisions.

The primary purpese of DSS in medicine, or clinical decision suppott system (CDSS), is to imp'rm‘e
the quality of patient-care. CDSS are able to improve practitioner performance[15], adherence to evi-
dence-based practice.[16. 17] decrease medication errors and reduce adverse dmg reactions[18] and

potentially decrease costs.[19] There is also some evidence that CDSS can improve medication dosing
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cated to the advancement of Health Informatics and information technology in heatthcare.
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and frequency choice, compliance with local guidelines, decrease pharmacist intervention due to in-
appropriate medication cheice, and improve patient satisfaction and owtcomes.[16, 20-23]

CDSS with varying degrees of sophistication are commonly integrated into computer physician order
entry (CPOE) systems, dispensing or other patient information documentation systems with automatic
alerts, repunders, and recommendations. Despite the potential benefits of CDSS, there have been m-
merons barriers to their use in practice, including type of information displayed and its quality, as well
as non-adherence to basic mles of system development, and lack of overall structure and data stand-
ardization within the e-Health industry [24-27] Unlike in other nformation-driven fields, soch as ac-
counting and business, medicine lacks effective and usable solutions [28]

Previons work reviled that new information resource 1s required that assists in the disease state man-
agement of complex patients by display of patient relevant information [6] To meet this need, and to
better define what constitrtes an effective and usefl CIDISS, a prototype system was developed and
tested. Therefore, this paper aims to describe fundamental elements applicable to any CDSS by:

1. Explonng past CDSS soccesses and failures;
2. Examining the clinical decision maling process;

3. Describing the development and initial usability testing of a prototype system (MedMan AGE).

Aims
This section aims to explore reasons for past fatlures of CDSS and determuine what features are signif-
icant in improving CDSS usability and success.

Method:

MedLine (1966-2013) was searched for relevant studies by using the search terms: [“Computer Physi-
cian Ovder Entry” OF. “Clinical Decision Support”™] AND [“wsability”™ OF. “implementation™ OF.
“lessons” OR. “festing”’]. The searches were restricted to English language. The reference lists were
reviewed to identify additional articles.

Articles that described the design development, or evaluation of medication management CDSS,
where a CDSS was defined as a system designed specifically to assist HPs dunng the clinical deci-
sion-making process regarding treatment of disease states were inchuded. Articles that described
CDS5 that were adnunistrative in nature, for example that dealt with appointments, diagnostic test re-
sults, and laboratory result alerts, were excluded from the review. Focus was kept on “clinical™ rather
than “admunistrative™ CDSS as features that make one type of CDSS suecessful or nosuccessfol may
not be applicable to other types [29] Articles were included if information pertaining to reasons for
success of fatlure of CDSS or discussion of CDISS data requirements was provided.

Resulis
The search of MedLine yielded 103 results. Sixtv-one articles met the inclusion criteria.
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Lessons from the past - Contributors to technology induced errors

The majority of technology-induced errors stem from inappropriate itegration of the CDSS mto vsual
workflow and nvnnsable system interfaces.

A puxed method study, conducted in 20035, in major wrban tertiary care teaching hospitals in the TTSA
involved interviews, focuos groups, observations and surveys that aimed fo “identify and quantify the
role of CPOE in facilitating prescription error risks™ highlighted that medication errors predominately
stemmed from information errors as well as worldflow and interface issues [30] [nformation errors in-
chuded wsing pharmaceutical warehonse information rather than chinical punidelines. Interface sources
of error relevant to decision support included legibility issues related to the font size and colour, lack
of easy “one screen fit” for patient information and an inflexible system regarding medication order
entry {including non-formmlary and modified fornmlation items).[30] Many of the sources of error
came from what seems to be an incomplete understanding of nsual worldflow, for example, faihwe to
provide medications after surgery, antibiotic renewal failure, and charting difficulties.[30] Further e1-
rors arose from malfunctions such as sending medications to the wrong rooms when the system shuts
down [30]

The Children’s Hospital of Pittsburgh condncted a retrospective  study examining the mortality rates
of admitted children before and after CPOE implementation [31] The stedy period, October 2001 to
March 2003, encompassed 13 months without, and 5 months with, a CPOE system Analysis revealed
an nexpected increase in mortality rates after the introduction of the CPOE system. The primary rea-
son for the increase in mortality was that the CPOE interfered with usual worldflow resulting in de-
layed wvital medication ordering, decreased patieni-practitioner face-fo-face interaction, nnwanted du-
plication of tasks. and inefficient nse of HPs. Although some of the issues that arose may have been
due to inexperience with the CPOE, most wounld not have been rectified with experience [31] This
study inspired a commentary describing eight lessons learnt from this expenience, from the mmber of
clicks required when using the system to the overall CPOE implementation strategy. [32]

A smdy that investigated the mumber of medication errors and pharmacist interventions dunng two
four-week periods, before and after the implementation of CPOE in a UK hospital. found that there
was a lower rate of medication errors (absolute redoction of 1.8% CT 0.9-2.7%) and a decreased num-
ber of phammacist interventions (absolute reductions of 1.1% CT 0.2-2%) after implementation [20]
This decrease was not due to decision support however, as the only decision support provided was de-
faunlt doses. There were some gZeneral lessons from this study as unexpected errors arose due to order
entry that can be seen as relevant to all health information technology (HIT). Selection of mappropri-
ate medication, onussion of dugs, excessively frequent dosing of “FPRN dmigs, selection of incorrect
dosing frequency, selection of inappropriate formmlation were emrors deemed to be due to the system
itself. [20] These types of “data input” errors can potentially be minimized with interface sclutions
such the nse of approprnate font size and colours, and autocomplete boxes rather than selecting items
from lists [33]

A Canadian study specifically examined what features of interface designs contnbute to adverse
events.[34] Seven emergency department physicians were observed using four different CDS5.[34)
The number and types of events were recorded [34] Errors that could potentially contribute to patient
harm included inability to record patient data accurately because terms were not predefined. inappro-
priate screen layout, prompts to indicate patient data or order entry fields were missed, and automatic
screen population of data fields (e g providing a standard dose rather than requiring manmal dose en-

try). [34]
Previous successes

Wany of the components that make CPOE successful are relevant to CDSS; key features are sunmna-
rized in Table 1.
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Gadd et al. in 1998 identified properties that mmprove usability and acceptance of internet-based DSS.
These include clear viewing screen set out, flagging of potential problems and easy identification of
problem impertance, and the provision of the raticnale for DSS recommendations with ready access to
more information if desired by users [35] Numerous studies since then have identified the desired fea-
tures have not changed [6, 36-30] A nmiti-methed observational smdy invelving developers, users
and managers of the systems in US hospitals and medical clinies that used CPOE and CDSS identified
some additional desired features. These concerned worlflow mtegration and separate CDSS compo-
nents, up-to-date high quality content, work flow integration. feedback mechanizms after implementa-
tion and invelvement of HPs duning development of the systems. [36]

Sweidan et al. deternvined what featwres of electronic prescribing systems support high quality and
safe nse of medications in prinary care.[37] The features were initially identified using an extensive
literature review, key informant interviews and expert panel member recommendations resulting in
114 featnres, ten of which were considered “aspirational™. Twelve experts with backgrounds in gen-
eral practice, public health cuality and safety, health informatics, pharmacy and consumer health is-
sues, then rated the features according to impact across four domains (patient safety. quality of care,
useful to clinician wseful to patient) using a three round modified Delphi technigue. Although these
features were developed with electronic prescribing system in mind, many are relevant to CDSS. Sim-
ilar themes were identified by an exploratery study that vsed three GP focus groups (Sydoey, Mel-
boume and nxral NSW) to explore the strengths and wealmesses of prescribing software [38] Kawa-
moto et al conducted a systematic review of the literature and identified CDSS features that were con-
sidered crucial for improving clinical practice [51] Of the 71 reviewed CDSSs, 48 significantly im-
proved clinical practice [51] Other studies exploning user satisfaction, preferences, expectations. or
lessons leamt from HIT implementation have mirrored these findings [6, 39-50]

Table 1: Summary of Features Associated with CDS5 Success: Desired Features

General Features

* [Use of a computer to generate decision support.[6, 51]
#  Fast system [51]

Clinician-system interaction features

*  Saves chmelan ime or requires nummal fime to use [51]
* (lear and immhotive user interface adhenng to usability gwdelines and developed wsing human factor
engineening methods [6, 35, 40, 41, 43 46,49 51]
*  Eeavinformaton can be seen all on the one sereen [41, 43, 49]
*  Eevword based search rather than menu-based search [20, 52]
*  Any CPOE and CD55S must fit mto the wsnal work flow of the orgamsation [36, 49]
oIntegrahon with charting and order entry system [51]
oProvision of decision support at time and place of decision making [51]
cAutomatic provision of decision support as part of workflow. [51]
Mo need for addinonal data entry [44, 46, 51]
* Documentation of actions: [§, 35, 45, 51]
o FRequest documentation of rationale for not following CD5SS recommendations [6, 33, 31]
cRecommendations executed by noting agreement.[35, 51]
*  Have methods to stop “easily overnding” important alerts [38]

CDSS Capabilities

*  Provides patient individualised recommendations. [6, 37, 46]

* Flag all important interactions meluding drug-dizease mmteractions, duplicate drug, ete. . [35, 37, 38, 30]
while avoiding “alert fatizne™ [43, 44, 50]

¢ Alerts are prionitised and distinguishable by importance/seventy, potentally with the use of colours and
positioming. [6, 33, 37, 38, 40, 45, 46, 50]

#  Allergies need to be lnghlighted; it should be extremely difficult to prescnibe a medication if the patient
1s potentially allergzic [37. 38, 44]
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*  Monrtoring of laboratery results and alerts where mndicated [37]

* A medications list should be producible from the stored patent informahon that lists current medication
by diagnosis'condition and currentpast medication [6, 37, 38, 41, 44]

* Inclusion of dosage, renal funchion ete... caleulators [37, 38]

* FEasy sending of information to the local body in charge of colleching informaton on adverse dmg
reactions; for example 1in Austraha this would be the Advisery Committes on the Safety of Medicines
(ACSOM).[37, 18]

Communication content features

* Knowledze base should:
oContain ligh quality local data.[6, 36, 37]
o Appropriate procedures need to be i place to ensure the knowledge base is kept up to date.[36,
37,44]
¢ Use standard vocabulary and database architecture to allow for easv understanding and information
exchange with other svstems [36, 37, 40, 41, 43]
*  Assessments and recommendations are accurate [31]
*  Provizion of kev information, with access to further information if requred. [6, 40, 42, 45, 50]
¢ Provizion of a recommendation, not yust assessment.[6, 39, 51]
o Justification of decision support via provision of reasoming. [6, 35, 51]
o Justification of decision support via provision of research evidence [6, 35, 51]
oUsers should be able to access the resource used to give 2 recommendation; at the verv least, the
recommendation should be referenced [6, 35, 38]
oDecision support needs to be based on chimical pmdelines and independent drug information other
than approved drug monograph [35, 37, 318, 46]
oAvoidance of default dose for DSS within CPOE systems 1s recommended. [34, 43]
*  Provision of key counselling points.[37]
* Promohon of action rather than inaction [51]

Other

*  Local or end nser mmvolvement in development and svaluation process. [36, 43, 49 51]
#  Active involvement of local opimon leaders [51]
#  Alenment of decision suppert objectrve wnth orgamsational proprieties and with the behefs and financial
interests of ndividual climeians [44, 51]
#  System developed through iterative refinement process.[51]
DS should be tested on real users before implementation [36]
shAfter implementation, avemues for recerving and acting upon user feedback chould be
established [36, 43, 49, 51]
¢ (D55 accompanied with conventional education [31]
¢ Ahility to personalize svstem [41]
* DProvizion of decision support results to patients as well as providers [51]

A follow up study to Sweidan et al [37], using test scripts, evaluated the presence of the features that
were thought to have a high impact of safety or quality of care. excluding “aspirational” features, in
seven commonly vsed general practice electronic prescribing software packages [33] Only 34-62% of
the 30 evalvated features were fully implemented across the seven evalpated programs. Although
most had important safety features such as dmg-dmg interactions, allergy alerts, and pathology re-
munders, the following CDS35-specific shortfalls were identified:

1. There was little or no decision support for harmfinl dosage regimens, and safety waming issued
by the Therapeutic Goods Admimstration;

2. Nene had information from the key Australian dmg and clinieal information sourees: the Ans-
tralian Medicines Handbook (AMH][54] and Therapentic Guidelines[53];

3. Systems provided mited dipg information and vsed only approved product information;

4. Linking indications to prescribed medications was optional providing incomplete information
given to other health care professionals;
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3. Drug selection was made diffienlt by the use of small and cramped lists with similar named
products placed in close proxmmty;

6. The patients’ current and past medications were poorly defined;

7. Medication lists produced for patients were inappropriate — many included abbreviations, Latin
terms, and omitted crucial information such as indication;

2. Some systems did not have allerzy warnings for potential cross-sensitivities;

9. There was no standard way of recording non-pharmacelogical treatment initiated; in some cases
they were not recorded at all; and

10. Many had minimal patient resources.

Conclusion: Part 1

Featores that contribute to CDSS failure or, conversely, contribute to improved nsability and success
have been identified. These features should form the basis of overall system design First, appropriate
implementation is vital for success including a clear definition of CDSS purpose. Second, vse of hu-
man factor methods, adherence to wsability standards and end-vser involvement throughout desizn
and development are vital in order to malke nsable and effective system End-user involvement not on-
Iy gives insight into usability issues, but also helps developers ensure that HIT integrates well with
workdflow. To avoid repeated patient data entry CDSS should integrate with locally nsed CPOE or
EHE. systems. Information used to form climical recommendations needs to be up to date, of high
guality, and verified for accuracy. Summarised recommendations should be acconpanied by rationale
and access to supporting evidence. Finally, systems need to be thoroughly tested prior to implementa-
tion and periodically thereafter for continnal improvement.

Aims
To examine the clinical decision maling process in order to describe a universally applicable model
including associated data requirements.

Method

In order to identify the clinical decision-making process, Aunstralian and international cnline publica-
tions regarding the medication review and quality prescribing process, including World Health Organ-
ization (WHC) and National Prescribing Service (NPS).

Anstralian approved dmig monographs were nsed to identify dimg attributes that influenced decision
making. In addition, disease state management literature and guidelines for four dizease states, five
associated symptoms and numerous population types and subtypes were reviewed. Guidelines were
used to describe the usnal clinical decision making process. identify dmg factors that affect pharmace-
logical therapy choice, and for database population. Information sources mncluded the National Health
and Medical Research Council gnidelines (WNHME.C) and disease specific bodies such as the National
Heart Foundation, Diabetes Aunstralia, Diabetes Educators and Arthritis Anstralia.

Resulis

The World Health Organisation has released the “Guide to Good Prescribing” as an international
standard [56] They describe six core steps to rational prescribing:

1. “Defining the patient’s problem ™
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o The correct diagnosis nmst be established prior to choosing an appropriate treatment.
2. “Specify the therapeutic objective.”
o Objectives may change under different circumstances. This process assists with min-
mmising drmg-overprescribing and later evaluation of treatment efficacy.
3. *Werify whether your P-treatment [or available freatment] 1s suitable for this patient ™
o Any treatment whether pharmacclogical or non-pharmacelogical should be safe ef-
fective and cost-effective for the patient. Choosing an appropriate dmg requires tak-
ing into account patient and dmg attributes.
4. “Start the treatment ™
5. “Give information, instroction and warnings.™
6. “Momnitor (stop) the treatment.”™
o Treatment failure generally results from three basic canses: 1) the treatment was inef-
fective, 2) the treatment was unsafe (e.g : side effects), 3) the treatment was incon-
vemient to administer due to the natere of administration or dosing schednle. When
choosing to re-treat with a new therapy, these need to be taken into consideration

The NPS of Australia published a document entitled “Competences Fequired to Prescribe Medicines:
Putting quality use of medicines into practice”™ that describes five areas of competency required for
prescribing irrespective of the HP type that reflect core steps described by the WHO [57] These over-
all principals for disease state management are echoed globally indicating that the clinical decision
muaking process is the same irrespective of geographical location [58-61]

EMR or CPOE

Choose a non-
pharmacological
therapy

Make a correct Define goals of Make a decision to Documen?atpn It Monitor and review
communication of

diagnosis treatment treat progress
care

Choose a

pharmacological
therapy

Figure 1: Summary of owverall prescribing process

Disease state management guidelines were nsed to help identify disease specific considerations that
may not have been identified otherwize [54, 62-89)] Common factors considered by all the gnidelines
reflected the overall prescribing process (Figure [). This mformation was utilized to develop a univer-
sal mode] implemented in cur prototype system (Figure 2).
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Figure 2: Universal clinical decision-making model implemented in MedManAGE
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Patient physical and medical factors as well as patient preferences influence medication choice. [56.
57] Patient factors include, but are not linuted to. past and present medication and medical history, la-
boratory results and other observations, adverse dmig reactions, allergies, physical or mental impair-
meent that may affect medication taling, and social states. In addition to these, pharmacogenomics will
have a larger influence on drog choice as the body of information regarding genetic factors impacting
phammacolanetics (PK) and pharmacodynamics (PD) grows; these should be melnded in CDSS, elec-
tromic health record (EHE) and CPOE systems and populated with emerging information. [90, 91]
Disease state management factors influencing treatment choice include evidence for effective phar-
macological and non-pharmacological treatment and disease state targets such as blood pressure or
blood glucose [54, §2-89] Drug factors revelved around PK and PD properties, as well as local avail-
ablity and cost.[54, §2-89] The overall process of choosing pharmacological therapy is sunmmarised in
Figure 4.

‘IF ... THEN algorithms can be developed based on these influences (Figure 7), as well as algerithms
to identify drugs that may be precipitating presenting symptoms.

PATIENT NAME ,51ecc

DISEASE X — Pharmacological Treatment

J Patential Issues with Madication
DrugX: Q\ Issue |dentified Detalls
Start Dose... &g Drug-Drug All detalls from
Increaseto... interaction caction Patient has Frail Skin
&g Clinical IF
DrugX: :I‘fr:'g[c:ll:' Patient Data: Intermadiate Table Chosen drug:
Start Dose... Description In table Patient In Drug table find Drug ID and Drug 1D in Drug table
Increaseto... 7 Profile table Frail corresponding Formulation ID
PETITE T ETeTT ey
life expectancy nEag
AND Search Formulation table for ANEY
Formulation ID. If Inappropriate
Frail Skin Flag = YES
Implement CIYES
THEN display:
Issue Identified | Details : Value from Table and Column
Disease Information eor f| Frail skin “Patient may experience trauma Standard Message table
upon removal of dermal Display column “Standard Message” ID 11:

preparation or dermal preparation | Frail Skin Alert
may not be appropriately
absorbed. See drug monograph for
alternative formulations or speak
to a pharmacist about finding an
alternative medication”

Figure 3: Example of IF-THEN algorithm for identifying potentially inappropriate pharmacolog-
ical therapy due to patient frail skin used in MedManAGE
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Figure 4: Overall pharmacological therapy choice process.
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CDSS need to mimic the thought process of a HP in order to come to a similar conclusion regarding best patient care; therefore. factors discussed above that
are considered during clinical decision making are the basis for the information CDSS needs to provide meaningful recommendations/alerts to users (Table

2).

Table 2: CDSS overall system design and corresponding data needed

System Design

Data needed

Patient information (EHR component)

Drug information

Disease management information

Documentation of Non-
pharmacological therapy

Patient non-pharmacological therapy
including what and implementation strategy

Non-dmug therapy used for disease/symptom
including what and rationale.

Documentation of action

Rationale for use/ comments section for each
patient in drug or non-drug treatment history.

Documentation of inaction

Rationale for non-use/ comments section in

Drug therapy used for disease/symptom
including dose, frequency, duration of
treatment. and rationale.

patient treatment history.

If a drug i1s has been ceased, the reason for
cessation needs to be stored.

Warnings and alerts should be | Any mnteractions/ alerts should have a “severity code™.
colour-coded to their severity.

Flag for all important alerts

Patient drug or drug class or allergy class | Drug class and allergy class stored for each
stored. drug.

*  Allergy
® Drug disease interactions ANl diseases/ symptoms stored for each | Dmug-disease/symptom interaction and a
patient. description of the nteraction.

Whether these are current. intermuttent or past
conditions.

All patient drugs are stored in patient | Drug interactions and a description of the
treatment history, including illicit drug use | teraction.

* Dmg-drug mteractions
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Previous adverse dmg
reaction (ADR); and easy
sending of information to
local goverming bodies.

Drug-population
type/subtype interaction

Drug-liver dysfunction
interaction

Drug-renal dysfunction
interaction

Drug-frail skin interaction

Drug-swallowing
difficulty interaction

Drug-dexterity problems
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and smoking status.

Whether these are current (chronic or short
term), mternittent or past medications 1s clear.

All drug-ADR. stored in patient history
mncluding details of reaction as per local drug-
ADE form (in Australia this is the Advisory
Committee on the Safety of Medicines

(ACSOM) form).

Patients can be part of a number of population
types/subtypes. These include but are not
linuted to:

o Age

* Gender (male/female)

* Prepnancy status and stage (if

applicable)

* Breastfeeding status (if applicable)

¢ Frailty score

* Race

Patient liver function.
Patient renal function.
Patient skin frailty flag.

Patient swallowing difficulty flag.

Patient dexterity problems flag.

All ADR. (disease/symptom a dmg can
cause) stored for each drug.

Drug min and max age of use.
Drug-gender interaction.
Drug-pregnancy status/stage interaction.
Drug-breastfeeding interaction.
Drug-frailty score interaction.
Drug-Race interaction.

Descriptions of each interaction.

Drug-liver function interaction severity.
description and dose adjustment.

Drug-renal function mteraction severity.
description and dose adjustment.

Drug inappropriate with frail skin flag.
Drug inappropriate with swallowing
difficulty flag. whether 1t 1s due to the drug

itself or the formulation type.

Drug  inappropmate  with  dexterity

For each disease management guideline —
what population types and subtypes they are
relevant to.
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Patient entitlements. For example
Australia 1s patient eligibility for:
* Medicare

. relevant to

problems flag. whether it 1s due to the drug
itself or the formulation type.

Local cost requirements. For example,
relevant to Australia:

bR Whether the drug 1s subsidised by the

o Safety net Pharmaceutical Benefits Scheme (PBS)

¢ Repat : .

o If the drug has any special requirements
for subsidisation.
® Pharmacogenetic factors | Patient allele type. Gene affecting drug PK or PD and
impacting PK and PD description of impact.

Monitoring of laboratory | Patient monitoring results including what type | Drug target for each disease/symptom and | Disease/symptom  targets (e.g: blood
results and alerts where | measurement was taken. date and result. population type/subtype. pressure. etc...) for each population
indicated. type/subtype.

Drug-monitoring interaction.

Provision of key counselling
points

Drug counselling points stored including
ancillary labels.
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Conclusion: Part 2

When choosing a safe. effective. and affordable medication. there is interplay between effective treatments
available for use to manage a disease state in a patient, the patient’s current and past medical history, their
preferences. and dmg PE and PD properties. as well as affordability and availability. All of these need to be
considered in order to provide “appropriate” treatment. A universal clinical decision-maling model was de-
veloped that can be utilized as the basis of CDSS process model, and associated algorithms and database ar-
chitecture.

Aims
To develop a system that meets HPs" identified needs and perform usability testing to evaluate whether HPs
find the way in which the system delivers information usefinl.

Method

System Development

Agile methodology was used to develop the system Bequirements for this CDSS were based on in Part 1 and
2 of this paper, as well as previcusly identified HP desires [6] Visual Studio[92] C# langnage 4NET[93] was
used to develop the system Progranwning was undertaken by a final vear computer science smdent (AB), in
line with Monash University’s collaberative policies. AB was given all system requirements including pro-
cess model, populated database, basic interface design and business mles, which were modified during de-
velopment as necessary.

Initial Usability Testing

Five pharmacy academics were asked fo use the system to decide on the management of a patient’s newly
diagnosed ostecarthritis. Participants were asked to pretend to be a user with given attributes, rather than
themselves (Table 7). The user’s and patient’s characteristics were based on real life where the user repre-
sented an average medical practitioner and the patient represented an aged and complex patient. The goal of
the scenario was to use the system as it would be used in practice; specifically to:

1. Choose an appropriate treatment suideline

2. Implement treatment strategies
a. Make a decision regarding precipitating dimgs,
b. Make a decision regarding non-phammacological treatment,
c. Make a decision regarding pharmacological treatment,

The electronic Jounal of Health Informatics (ISSM: 1448-43E1) is an international joumal committed to scholady excellence and dedi-
cated to the advancement of Health Informatics and information technology in healthcare.

& Copynght of articles is retained by authors; originally published in the electronic Joumal of Health Informatics (www.efhinet). This
work is licensed under the Creative Commoens Attribution-MenCommercial-ShareAlike 2.5 License.
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d. View monitoring requirements.

Participants were asked to think aloud during the sessions and provide insight into usability, aestheties, and
overall usefulness in the way information is presented in the system The sessions were ohserved by a re-
searcher who took notes regarding nsability issues, user likes and dislikes, and overall program issues. In or-
der to establish the nsability of each interface screen the observer attempted to answer the following ques-

tioms:

Lid Pl

[94]

. What effect was the user trying to achieve by selecting this action?
.How did the user kmow that this action was available?
.Did the selected action achieve the desired effect?

4 When the action was selected, could the nser deternmne how things were going?

Sessions took place over two consecutive days. Miner changes were made to the interface based on feedback
after dav one (3 participants) and the new interface was used for day two testing

Table 3: User attributes

Education

I: a registered medical pracoboner m Australia

Relevant worlk experience

Completed thewr medical degree 8 years ago

Has been registered as a GP for § months.

Experience with D55

Uses MIMS dmg interaction identifier.

Operating Systems and Software Packages used Frequently (at least once a weelk)

Microzoft Windows 7
Microsoft Cutlook
Apple, 1Tunes, Microsoft Office (Word, Excel ete.. ), Google Chrome, Adobe Eeader, Skype, Internet Explover

Vanous presenbing software, MIMS_ AMH_ TG

Experience with Complex Patients

Encounters complex pahents a5 part of their role az 3 GP; at least 5 times 2 week for the past § months.

Results

Prototype system was snccessfully built within the allowed time fame, although not all features were inple-
mented (Table 4).
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Table 4: Summary of features associated with success (from Table 1) implemented in MedManAGE.

Desired Feature

Incloded

ERationale for exclusion

Clinician-system interaction features

Clear and mtwmtive user inferface adhenng to usabihify
guidelines and developed wsing human factor
engineering methods=[6, 35, 40, 41, 43, 46, 49, 51]

ra

Eey information can be seen all on the one sereen [41, 43,

49]

Eeyword based search rather than menu-based search [20,

Where appropniate, keyword

52] Y IEE | pace search was implemented
Any CPOE and CDS5 must fit into the usual workflow of | + and * Thas system was developed as
the orzanisation [36, 49] a prototype. Future
olntegration with charing and order enfry development will melude data
system [51] Integration propertes.
oProvision of decision support at fime and place of
decision making [51]
oAwtomatic provision of decision support as part of
workflow [31]
oMo need for additional data entrv.[44, 46, 51]
Documentation of actions: [6, 35, 45, 51] ¥
oRequest documentation of reason for not following
CDSS recommendations. [6, 35, 51]
oRecommendations executed by noting
agreement.[35, 51]
Have methods to stop “eazily overndmg” important "‘ Thas system was developed as
alerts [38] a prototype. Future
development will inelude
safety features such as this
ons.
CDSS Capabilities
Provides patient individuzlized recommendations [6, 37, v
48]
Flag all mmportant interactions, including drug-disease d
interactions, duphcate dmg, ete.[35, 37, 38, 50] while
avolding “alert fatizue™ [43, 44, 50]
Alert= are prnonbsed and distingmshable by v
importance/seventy, potentially with the use of colours
and posihoning. [6, 35, 37, 38, 40, 43, 46, 50]
Allergies need to be highhighted; it should be extremely | v and * Allergies  are  haghlighted
difficult to prescribe 2 medication if the patent is However, this system was
potentially allerzie [37, 38, 44] developed as a2 prototype.
Futwre  development  will
include safety features such as
this one.
* This was pot intendad as a

Momtoring of laboratory results and alerts where

indicated [37]

review program. [ herefore,
review algonthms were not
developed However, datzbase
model was designed with the
potental for expansion fto
review system in mind

A medications list should be producible from the stored
patient information that hsts cumwent medication by
diagnosisicondition and cwrent'past medication [6, 37,
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38, 41, 4]

Inclusion of dosage, renal function, ete... caleulators.[37, k This system was developed as

38] a prototype. Funwe
development will imelude
features such as this one.

Easy sending of information to the local body in charge of | + and * Relevant data 15 stored m

collecting information on adverse drug reactions: for
example in Australia this would be the Advisory
Commuittes on the Safety of Medicines (ACSOM).[37,
38]

databaze for easy extracton
As this system was developed
prototype,  sending
capabiliies have not vet been
implemented.

as a

Communication content features

Enowledge base should:
oContain lugh quality local data [6, 36, 37]

v

Usze standard vocabulary and database architectwre to

allow for easv understanding and information exchange
with other systems [36, 37 40, 41, 43]

Mew archetype was used for
thas system Future
development will melude data
integration propertes.

Provision of kev informaton, with access to further

information if requred.[&, 40, 42, 43, 30]

Provision of a recommendation, not just assessment [5,
38, 51]
oTiztification of decizion support via provision of
reasomng. [& 35, 51]
oTistification of decision support via provision of
research evidence. [6, 35, 51]
oUsers should be able to zccess the resource used to
grve 3 recommendation; at the very least, the
recommendation should be referenced.[6, 35,
38]
oDecision support needs to be based on clinical
gmdelines and independent druz mmformation
other than approved dmg monograph [35, 37,
38, 48]
oAvordance of default dose for D55 within CPOE

systems 15 recommended [34, 43]

¥ and %

References are  provided;
however the  referencing
system 15 Immature and needs
further development.

Provision of kev counselling points.[37]

Promotion of achon rather than maction. [51]

Other

Local or end user mvolvement in development and
evalnation process.[36. 43, 49, 51]

System  developed through iferative refinement
process.[31]
oCDSS should be tested on 1eal users
implementation. [35]
oAfter mmplementation, avemues for receiving and
achng wupon wuser feedback should be

established.[36, 43, 49, 51]

before

Alhiy to personalise syvstem.[41]

Provision of decision support results to patients as well as
providers [51]

¥ and

Feport generated at end of
session 15 targeted at HPs, but
could be used for patients if
modified by HP.
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Initial Usability Testing

Only nuner nsability issues were identified during usability testing, the majonty of which were asseciated
with the “EHE” component of the system Although the system was not developed as EHE. system, infor-
mation gained may be usefil to developers.

Day one of testing indicated that labels and instructions cansed the most confusion; these were changed to be
more clear and concise. Comunents were made regarding button position (such as save, view more infor-
mation. etc...); it was agreed that they needed to be in an obwvious or intuitive place, although epinions varied
as to what was “inmitive”. Participants also commented that they preferred drop-down combo boxes for
short lists and awtocomplete combo boxes for longer lists to assist in searching. Use of colowrs to separate
sections of the screen was considered a nseful way to guide vsers. No new categories of 1ssues were identi-
fied on day two. although the same issues were identified in new areas of the imterface that others had
missed.

Participants had the most difficulty with the “choose the appropriate gnideline”™ screen (Figure J) and re-
quired explanation from the researcher. Once the screen concept was explained. participants were able to
successfully select a guideline. Otherwise the way in which information that assists with maling therapeutic
choices was presented, was deemed usefil and informative by participants.

Please CLICK on the guldeline that most represents your patient from the table below

The details of what type of patient this guideline has been loxpaed for willl app in the drop down boxes
Disaasa Papulation Typs
Symptom Fopalation Subtype
Dlisease De=cnphion Sympkom Fopulation Type Fopulation Swhtyp
Cryslipidasmia im the pressnce of Type 2 Dk PMived hyperiiplidaemia dged = 6% yesos old ali
Ory=lipidaemia im the pressnce of Typs 2 Dk Elevat=d TG Aged = 85 yesrs old &ll
Type 2 Disbetes. Mellius with no ckher comaorbddities  Hyperglycaemia dged = 63 yeans old &ll
=tenarthritis with no cther comaorbidities  Somatic pain dged = 63 yeans od all
Drpslipidaamiz M other dissasae stata Elevatad T Aged = 65 yaars old All
Crpslipidaamiz Mo other dissase state Elawatad LDL Aged = 65 yaars old All
Dryslipidasmia im thee presence of Type 2 D& Elevated LOL dged = 65 years ol all
Crpslipidaamiz Mo other dissase state Mixed hyparlipidaamia Aged = 65 yaars old All

Figure 5: Choose the appropriate treatment guideline screen.

Crverall, most participants stated that they would find the program easier to nse with practice and suggested
that an initial demenstration would be helpful for first time nsers.

Conclusion: Part 3
A prototype CDSS was successfully budlt althoush not all requirements were implemented. Initial nsability
testing suggests that overall the system is usable despite minor interface issues.
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Overcoming Past CDS5 Problems and Researcher Recommendations

A prototype system program was successfully built with mest. but not all. previously features associated with
CDSS success implemented. There were three major reasons for non-implementation MedManAGE is a
prototype and not intended for full scale use. Its purpose was to test whether or not the way in which infor-
mation was presented to HPs was useful during clinical decision-making. Therefore, not all features were
considered “vital™ at this stage of development and testing. Additionally, a student progranwmer was used
which put constraints on time and skill available during development. However, for the development of a
prototype systemy, it was felt that a student programmer was adecuate and appropriate. If further development
were to coow, programmers with more experience would be involved.

Clinical autonemy is an important to climicians vsing decision support, electronic or otherwise [6, 7] Previ-
ons research also has demonstrated that HPs cccasionally find smdelines selected by CDSS inappropriate for
their patient. [§, 95, 96] Therefore to overcome this and to mamntain clinical autonomy, we allowed HPs to
view all available guidelines and choose the one they felt most closely represented their patient. However,
this was the most problematic screen for participants. Although climcians choose their own gunidelines in
practice this i3 a new concept in CDSS as mest avtomatically choose the gnideline for the user. and a possi-
ble explanation as to why participants found this page somewhat diffieult to manage Nevertheless when the
page was explained, participants easily understood the concept.

Eelational model was used for the database design. Other CDSS have used XML or non-relational database
archetypes due to the hierarchical nature of diseases and symptoms [97-101] A relational model was chosen
because flagging for inappropriate treatment options (e.g.; dmg-disease mteractions) 15 relational in nature.
Although somewhat hierarchical in nature, disease/symptoms can be stored as relational data; nse of hybrid
database may be considered in future development of this or similar systems. Non-relaticnal models are also
used due to the complex branching of most disease state management guidelines. As algorithms are an effec-
tive format for displaying complex gnidelines containing decision frees and are preferred by most HPs [, 6,
102] the issue of conplex branching was overcome with the display an algorithm (picture) rather than coding
for treatment gnidelines.

While CDSS are able to improve patient outcomes and decrease health cost, currently available CDSS in
commen use in Anstralian medical practice do not yet meet the HP needs [6, 24, 25, 27, 53] In order to im-
prove the nsability and inerease the chances of CDSS success, the following should be considered:

1. Integration intoe Worlkflow

Any HIT needs to integrate into usual worlflow and enhance work efficiency rather than hinder 1t [36. 44,
46, 49, 51)Therefore, defining the exact purpose of the system before any other desizn begins is
imperative [23] For instance_ if the CDSS 1s part of a CPOE, then the decision support should allow users to
worlk effectively while only alerfing them of high risk 1ssues (e.g.: wrong dose, dmg-dmig interactions. ete._ )
to prevent alert fatimne. Conversely, if the CDSS i3 more comprehensive, in order to answer specific practi-
ticner queries. an opt-in or “plog in” that utilises patient data in the CPOE may be more appropriate. In order
to best define the purpose of HIT, and ensure appropriate design and integration into usual workdflow, HPs
should be invelved in all stages of the design and development process [103-105] Regardless of purpose,
CDSS should be able to integrate with locally used CPOE or EHE. systems to avoid repeat patient data en-
try.[44, 46, 51] Involvement in HIT design and development can also positively influence physicians™ atfi-
tudes regarding HIT and mprove perceived usefulness [21. 43, 103] and is possibly why the most effective
systems are developed locally.[16]

In addition to work flow and physician attimde, available hnuman and technological resonrces need to be tak-
en info consideration when creating HIT [106] Resource poor developing countries are most likely to benefit
from DIES as they may be lacking in approprnately trained physicians, but may also be lacking the infrastruc-
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ture to support DS5.[104] These barriers nmst be considered when developing HIT and whether the appro-
priate hardware is available to support DSS.

2. Adherence to Usability Standards

Human factor metheds such as ergonomdcs and human-computer interaction (HCT) techniques should be
nsed when designing and evalvating HIT. HCT can improve the wsability and efficacy of programs, as well as
decrease re-engineering costs.[105] Numerous medical systems have been developed that have low nsability,
resulting in staff “working around” interface problems. inappropriate use of the system ultimately putting
patients at risk [28] Harrison et al. have developed the Interactive Sociotechmical Analysis (ISTA) to be used
during the design and development process. [107] Much like other analysis frameworks, ISTA is intended to
identify unintended consequences of HIT but also takes into account the interplay between the HIT, worlk-
flow, clinicians and the organisation [107]

Most of the identified vsability issues surovnded the EHE. component of the system Although not the pri-
mary purpose of the system the patient data enfry section was necessary to allow for patient specific mfor-
maticn to be displayed to users. However, usability issues identified echo other research; appropriate use of
colows and font has been identified an simple way to guide vsers, add consistency to the system, and in-
crease overall appeal [6, 40, 46, 108] although it 13 suggested that interfaces be developed in black and white
initially and tested for usability to account for colowr blind users [108] Use of autocomplete combo boxes or
key word search seems is desired by users when a long list of possible responses are available (e.z: dmg
name).[20, 52] Finally adherence to usability guidelines, including appropriate labeling and instruction on
the interface screen. is imperative to avoid confision and assist in system use. [6, 35, 40, 41, 43, 46, 49_ 51]

3. Using the “Right” Data

An identified barner to e-Health success is the lack of standardisation. including the minimal patient data
that should be collected and wtilised in a meaningful way.[27] Patient information required by CDSS de-
scribed in this paper can serve as a guide for the minimal patient detail that should be captured by CPOE or
EHFE. Four disease states were reviewed when defining the chinical decision-malking model and data attrib-
utes required for CDSS. As a result all disease specific considerations may not have been considered. How-
ever, other information sources were wtilised during development, including Anstralian and international
standards for quality prescribing and past CDSS success and failures. In addition, three of the researchers are
qualified HPs and are familiar with the clinical decision making process. As a result, the majonity of data at-
tributes used to malke clinical decisions accounted for and the clinical decision maling model developed can
be used as the foundation of other CDSS.

Website developers have found that although usability and aesthetics influence first and overall impressions,
content has the greatest influence of vsers™ intention to revisit, intention to recommend, and overall impres-
sion of a website [109] The same is most likely true for CDSS content. The information in the knmowledge
base should come from sources that the HPs themselves would use — ie: climcal guidelines and reputable
i drug information sources other than approved dug information [21, 30] Enowledge acquisition
should be facilitated by experts in the field to ensure that information is of adequate quality [35, 37, 38, 46]
Any HIT needs to be thoroughly tested prier to implementation and periodically thereafter for contimual im-
provement and to insure appropriate information output.[36, 43, 49, 51]

Limitations of usability testing

HPs were used during vsability testing rather than vsability experts. However, usability experts are not nec-
essarily required as nom-experts are able to provide cquality insight into uvsability issues parallel to
experts [110] We cnly used five participants to test the usability of the system all of whom were pharmacy
academics. It has been suggested that for most usability studies five participants are sufficient to identify
most major nsability errors.[111, 112] Indeed, Nielsen argues that “discounted™ nsability testing such as this
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one are valid, and at the very least. better than no testing [113] However, fiwther system testing with different
HPs using a larger sample size to provide more robust usability results have already begun.

This paper describes a new framework for delivering information HPs need. giving suidance during complex
patient healthcare delivery. General prmciples for successful CDSS have been described, including good
wotlflow integration, use of usability standards and appropriate data usage. In addition, a umiversally appli-
cable system model has been defined nsing Aunstralian and international principles for quality prescribing.

When tested, data snggests that despite minor usability issues the system developed uvsing this framewerk
provides information to vsers in an informative and wsefill mamner. Further studies will expand on this in-
formation and provide more insight into the effectiveness of this information delivery framework
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Chapter 5: Developing the Business

Rule Engine

(Phase 2)

The system (MedManAGE) is provided on CD-ROM. Review of the program will provide a

clearer understanding of the system and context for the results of this chapter.

6.1 Summary

In order to develop a framework for patient-relevant disease state management information

delivery, a business rule engine driven clinical decision support system (CDSS) was developed.

This chapter describes how the triangulation of findings from health professional (HP)
interviews, review of past successes and failures of other CDSS, clinical decision-making
models and pharmacological and disease state management information (Chapter 3:
Resources for disease state management — what do health professionals want? and Chapter
4: Ingredients of a Successful Clinical Decision Support System: Results from Design,
Development and Usability Testing) were used to develop system business rules and database

architecture. In addition, this chapter describes the knowledge acquisition process.

6.2 Aims

The overall aim of this phase of the research was to develop a business rule engine that could
be easily updated with new information without the need for system reprogramming. The

specific aims were:

1. Toidentify literature to be used as knowledge within the system;
2. Toidentify common attributes that define disease state management, and drug and
patient factors that influence pharmacological treatment choice and develop:
a. Adisease state management template,
b. A drug monograph template,
c. Alist of patient information required to make a therapeutic choice; and
3. To develop and test the system’s business rule engine.
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6.3 Knowledge Acquisition and Identification of

Patient, Disease State Management, and Drug

Monograph Attributes

6.3.1 Method

Previous studies have shown that CDSS that lead to success contain high quality local data,(1-

3) and have procedures in place to ensure the knowledge base is kept up to date.(1, 2, 4)

With this in mind, a business rule engine was used to allow for disease state management and

drug monograph information updates without changes to system code.(5) Templates were

developed that can be completed by HPs who are experts in a given health field (e.g.

management of diabetes) in order to update the system’s knowledge. Others have used this

method to successfully integrate and update guidelines within CDSS.(6, 7)

In order to develop the templates, all attributes that can affect disease state management

needed to be identified and addressed. Therefore, treatment guidelines and drug

monographs published by reputable sources were reviewed. Reputable sources were defined

as Australian or international bodies responsible for delivery of practice ready healthcare

information to HPs, or guidelines published in peer reviewed journals.

e Disease state management information sources used:

0]

O O 0O 0O 0O O o o oo

0]

National Health and Medical Research Council (NHMRC)
National Prescribing Service (NPS)

World Health Organization (WHO)

Therapeutic Guidelines

Diabetes Australia

Diabetes Educators

National Heart Foundation

National Stroke Foundation

Arthritis Australia

The Royal Australian Collage of General Practitioners
Up-To-Date®

Primary literature: guidelines published in peer reviewed journals

e Drug information sources used in addition to information sources listed above:

o
0}
o}

Australian Medicines Handbook (AMH)
MIMs
Pharmaceutical Benefits Scheme (PBS)

Common attributes were identified in order to develop standard templates for disease state

management and Drug monograph information and define patient information required.
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6.3.2 Results

Thirty-one references were used to populate the system database (Table 1).

Table 1: References used for database population

What

Disease State

References used ‘

Hypertension in General patients

(8-19)

Dyslipidaemia in those over the age of 65 years old in

the presence of no other co-morbidities

(8-10, 12-18, 20, 21)

Dyslipidaemia in those over the age of 65 years old in

the presence of Type 2 Diabetes Mellitus

(8-10, 12-14, 16, 17, 20, 22, 23)

Type 2 Diabetes in the presence of in presence of no

other co-morbidities

(12, 13, 24-30)

Osteoarthritis in those over the age of 65 years old in

the presence of no other co-morbidities

(21, 23, 31-36)

Drug monographs

(in addition to above references)

(21, 23, 37, 38)

6.3.2.1 Disease State Management

The overall clinical decision-making process (or prescribing process) had been described in

detail (Chapter 4: Ingredients of a Successful Clinical Decision Support System: Results from

Design, Development and Usability Testing). Review of disease state management guidelines

allowed for the expansion of each step in the clinical decision making process (Figure 1).

Attributes described were used as part of the business rule engine unless otherwise stated.

Make a correct Define goals of Make a decision to
diagnosis treatment treat

Choose a non-

pharmacological
therapy

EMR or CPOE

Documentation and
communication of
care

Monitor and review
progress

Figure 1: Summary of overall prescribing process

Choose a
pharmacological
therapy
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6.3.2.1.1 Making a Correct Diagnosis
One of the assumptions of this system is that the correct diagnosis has been made. Although
the system’s purpose was not to provide assistance in appropriate diagnosis, HPs desire the

ability to gain additional information if needed.(3, 39, 40)

Other information required for appropriate diagnosis includes non-pharmacological and
pharmacological risk factors. Non-pharmacological risk factors include diet, exercise, race,
genetic predispositions and malformations, among others. These risk factors appear across
guidelines for different disease states; therefore, for simplicity of template completion,
standard non-pharmacological risk factors were developed. As with any other standard term,
HP experts who update the system knowledge would be able to add new standard terms as
appropriate. If the non-pharmacological risk factor is modifiable (e.g. inactivity), a description
of how to modify the risk factor should be provided. Diagnosis information and non-
pharmacological risk factor information was stored in the system to allow users access if they

desired, but not used as part of the business rule engine.

Pharmacological risk factors include pharmacological agents (or drugs)’ such as medications,

herbs and vitamins that have a side effect or adverse drug reaction (ADR) that may cause the

disease or symptom being treated or the pharmacological agent may interact and exacerbate

the disease itself. This information is required to identify potential precipitators of the disease
and prevent the prescribing cascade. If HPs wish to cease a potential precipitator, they need

to know how to do so as some can be stopped abruptly, whereas others require weaning.

6.3.2.1.2 Define Goals of Treatment
As with diagnosis, the system assumes that the HP is aware of treatment goals. If they wish to
view recommended goals this information is stored in the system, although treatment goals

are not used as part of the business rule engine.

6.3.2.1.3 Make a Decision to Treat
The decision to treat will depend on the available treatment options, either non-
pharmacological or pharmacological. Available options are commonly described as text, or in

the preferred form, as an algorithm.(3, 41, 42)

6.3.2.1.3.1 Non-pharmacological Treatment
Non-pharmacological treatment is recommended for most disease state management either

on its own or to accompany pharmacological treatment. The same types of non-

> Pharmacological agent and drug are used interchangeably
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pharmacological treatment are common across disease states although the details generally
differ — for example dietary recommendations for patients with diabetes may differ to
recommendations for those with dyslipidaemia, and may differ again depending on the target

population.

6.3.2.1.3.2 Pharmacological Treatment
Pharmacological treatment choice is influenced by evidence of efficacy, availability and

affordability® and whether the treatment is likely to cause a patient harm and whether that
harm outweighs the benefits of treatment. These considerations are common across all
disease states. Circumstances in which a pharmacological treatment may cause a patient

harm include, but are not limited to:

e Potential allergy;

e Potential ADR;

e Drug-disease interaction;

e Drug-drug interaction;

e Inability to administer treatment;

o Life expectancy of the patient is shorter than the time to effect of the
pharmacological agent;

e Pharmacological agent not suited to population type;

e Pharmacokinetics (PK) of pharmacological agent may be altered due to liver or kidney
dysfunction; and

e The pharmacological agent’s PK or pharmacodynamics (PD) may be altered because
of patient ethnicity or genetic polymorphism.

The same issue can commonly be identified in a number of different ways (Table 2).

HPs should be able to view recommended dose, duration and treatment rationale. Any
additional information that may influence their choice, such as benefits of treatment and
identification of treatments that are potentially inappropriate due to risk of harm or

affordability issues, should also be available.

6.3.2.1.4 Documentation and Communication of Care

Documentation of care is an important part of the health care process. (3, 40, 43, 44)
Previous work has indicated that communication between HPs is potentially inadequate and
may lack vital information that may influence other HPs’ therapy choices.(3, 45) In order to
improve communication HPs should be prompted to record what action was taken, including
how, and why, non-pharmacological and pharmacological therapies were implemented or

ceased.

®In Australia, affordability is affected by PBS and patient entitlements.
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6.3.2.1.5 Monitor and Review Progress

Disease state and drug targets are important in allowing HPs to gauge whether or not the
treatment(s) implemented have made a positive impact, or whether the patient has
deteriorated. Other reasons for monitoring are to make sure plasma concentrations are
within the recommended therapeutic range, to ensure efficacy, that adverse effects have not

developed or to prevent toxic effects.

Some laboratory tests can be affected by the presence of pharmacological agents and could
potentially give HPs inaccurate information regarding patient progress. This information

should be highlighted to HPs.

6.3.2.1.6 Ancillary information
In addition to information during the clinical decision making process, additional
pharmacological and patient information may be required as it may influence the overall care

process.

Additional patient information includes smoking status, activities of daily living and
independent activities of daily living, mini mental-state exam score, living status and surgery
history.(46) Additional pharmacological information includes special instructions for storage

and administration.
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Table 2: Factors that affect pharmacological therapy choice and required pharmacological agent or patient information.

Factor affecting
pharmacological agent

choice

AIIergy -

Way of identifying factor

Patient has an allergy to the same
drug, a drug in the same class or
same allergy class.

Pharmacological Information Required

Drug name, associated drug class
and allergy class.

Patient Information Required

Patient drug or allergy
class allergies;
Severity of past
reaction.

ADR —

Past ADR to the drug or a drug in the
same class.

Drug name and associated drug
class;
Symptom caused by ADR.

As per the Australian
Advisory Committee
on the Safety of
Medicines ADR form.
At the very least
causative drug, onset
of reaction, description
of reaction, and
outcome.

Drug-disease or event -

interaction

Drug causes same event, disease or
symptom patient is being treated
for; and

Drug is known to interact with an
event, disease or symptom patient is
being treated for.

Drug, associated ADR profile (i.e.
symptoms caused), and risk of
ADR;

Diseases which the drug interacts
with, clinical importance of the
interaction, symptom caused, and
description of the interaction;
Event which the drug interacts
with, clinical importance of the
interaction and description of the
interaction.

Current medical
history with clear
identification of active
disease states;

Acute events.
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Factor affecting

pharmacological agent

choice

Drug-Drug interaction

Way of identifying factor

Interaction with other drugs the
patient is on due to
pharmacokinetic/pharmacodynamic
interactions; or

The drug has the same side effect
profile as another drug the patient is
taking; or

Treatment duplication (same drug or
same drug class).

Pharmacological Information Required

Drugs which the drug interacts
with, clinical importance of the
reaction, symptom caused, and
description of the interaction;
Drug, associated ADR profile (i.e.
symptoms caused), and risk of
ADR;

Drug name, associated drug class.

Patient Information Required

Current drug history.

Administration

May be due to patient swallowing or
dexterity issues or due to frail skin.

Whether drug or associated
formulation type are inappropriate
in patients with swallowing or
dexterity issues or those with frail
skin.

Flag for patients with
swallowing or dexterity
problems or those with
frail skin.

Life expectancy of the
patient is shorter than the
time to effect of the

pharmacological agent

Life expectancy of the patient is
shorter than the time to effect of the
pharmacological agent

Time to effect of the drug for a
given disease state.

Life expectancy of
patient.
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Factor affecting

Way of identifying factor Pharmacological Information Required
pharmacological agent
choice

Population type — Drug therapy may be inappropriate — Min age of use of drug and

for the patient due to their age,
gender, fertility status in women,

pregnancy or breastfeeding status,

and/or patient frailty.

associated description;

Max age of use of drug and
associated description;

Flag for drugs inappropriate for a
given gender, child-bearing
women, in pregnancy including
which trimester, during
breastfeeding, in premenopausal
or menopausal women, or in frail
patients and associated
description.

Patient Information Required

— Date of birth;

— Gender: if female
whether they are of
child bearing age,
pregnant including
trimester,
breastfeeding,
premenopausal or
menopausal;

—  Frailty status.

Pharmacokinetic or

pharmacodynamic changes

PK of drug may be altered due to
liver or kidney dysfunction; or

PK or PD may be altered because of

patient ethnicity or genetic
polymorphism.

At what level of liver or kidney
dysfunction interaction occurs;
consequences of taking the drug
with liver or kidney dysfunction;
and dose adjustment guide.
Known racial groups that may
respond differently to the drug

and a description of the difference

in response;
Genetic polymorphs that may
affect the drug and associated
description.

— Liver function;

— Renal function;

— Patient race or
heritage;

— Polymorphs present.
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Factor affecting Way of identifying factor Pharmacological Information Required Patient Information Required

pharmacological agent

choice
Affordability — Drug may not be listed on the PBS; — Whether the drug is subsidised by — Patient Medicare
or the PBS or Repat PBS (RPBS); entitlements.
— Patient may need to meet the — Prescription subsidy requirements.

requirements for drug subsidy; or

— Drug may only be subsidised for
patients with given Medicare
entitlements.
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6.3.2.2 Template Development and Database Knowledge

Using the information above, disease state management and drug monograph templates were developed to allow for easy addition or alteration of system

information. In addition, a “report” template was developed to allow for documentation of interactions with the system and that could be shared with

other HPs. The disease state management and drug monograph templates were populated with information to form the knowledge within the system

(Appendix 18and Appendix 19).

6.3.2.2.1 Disease State Management Template

Disease name: disease to which the guideline refers. [Standard value]

Description: description of what population group to which this disease state guideline refers. For example: in patients over the age of 65 years with no

other co-morbidities, or pregnant women in the first trimester. The description was not standardised as the number of population groups a guideline can

refer to is infinite. In addition, the descriptor only serves to help users identify which guideline would be most suited to their population group. [Free text]

Diagnosis: description of how to diagnose a patient with this disease. It may also include aims of care. [Free text]

Non-pharmacological risk factors: list of non-

pharmacological risk [Standard value]

Description of how it increases the risk

of disease. [Free text]

Is the risk factor

modifiable?[Flag]

How to modify risk

factor. [Free text]
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Pharmacological risk factors: list of
pharmacological agents that
precipitate the disease. [Standard

value]

Clinical importance of interaction
illustrates the risk of disease

precipitation. [Standard value]

Symptom caused by interaction.

[Standard value]

Description. [Free text]

Review Process: this includes a description of patient review prior to and during treatment. [Free text]

Symptom: symptom to be treated (e.g. somatic pain). [Standard

value]

symptom. [Picture]

Treatment algorithm: picture depicting the treatment algorithm for a particular

Symptom: symptom to be treated
(e.g. somatic pain). [Standard

value]

Non pharmacological treatment: list of non-pharmacological

treatments used to treat the symptom of the disease. [Standard

value]

Description of why and how the non-
pharmacological treatment should be

implemented. [Free text]
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Symptom: Pharmacological | Dose Duration of | Rationale for | Time to effect Additional
symptom to | Treatment: List [Number] | Units Frequency. | Whether treatment. | treatment [Number] | Units information.
be treated of [Standard | [Standard | the dose [Standard [free text] [Standard | [Free text]
(e.g. somatic | pharmacological value] value] needs to be | value] value]
pain). treatments that increased
[Standard can treat the and how to
value] symptom. increase it.

[Standard value] [free text]
Drug Monitoring: List of Monitoring name. [Standard | Frequency of testing. Target Can the results may be
implemented value] [Standard value] [Free text] Unit affected by another
pharmacological agents, [Standard pharmacological agent? [Flag
used to treat the disease, value] YES/NO]

that need to be monitored.

[Standard value]

Disease Monitoring: List of monitoring

tests required used to monitor disease

progress. [Standard value]

value]

Frequency of testing. [Standard

Target

Can the results may be affected by

[Free text]

Unit [Standard

value]

another pharmacological agents?

[Flag YES/NO]
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References: List of references used.

6.3.2.2.2 Drug Monograph Template

Drug/Brand name: Although | If brand name, generic drug | Drug class: to which the Formulation Type: [Standard | Duration of action: duration of
using generic names is name is required. [Standard | drug belongs. [Standard value] time the drug of the specified
preferable, some brands value] value] formulation effective.

have specific properties that [Number] Units

may affect clinical decision- [Standard
making. [Free text] value]

Allergy Class: list of allergy classes to which the drug belongs. [Standard value]

Indication: list of indications for the drug, either on or off label by disease and symptom. [Standard value]

ADR: list of symptoms Clinical importance or risk of | Description of ADR: Description of how to treat Flag if drug cannot be
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caused by ADR of drug.

[Standard value]

ADR occurring. [Standard

value]

describes how to identify

ADR. [Free text]

the ADR once it has

occurred. [Free text]

reinitiated if an ADR occurs.

[Flag YES/NO]

Drug-Disease Interaction: list of disease states with

which the drug interacts. [Standard value]

Symptom caused by

interaction. [Standard value]

Clinical importance or risk of

interaction occurring. [Standard value]

Description of

interaction. [Free text]

Drug Event Interaction: list of acute events with which the drug

interacts. [Standard value]

Clinical importance or risk of interaction occurring.

[Standard value]

Description of interaction.

[Free text]

Drug-Drug Interaction: list of drugs with which

the drug interacts. [Standard value]

Symptom caused by

interaction. [Standard value]

Clinical importance or risk of interaction

occurring. [Standard value]

Description of

interaction. [Free text]

Liver dysfunction interaction: level of liver dysfunction

at which drug PK change. [Standard value]

Description of the consequence if used in

patient with liver dysfunction. [Free text]

Description of how to adjust the dose. [Free text]

Renal dysfunction interaction: level of renal

dysfunction at which drug PK change. [Standard value]

Description of the consequence if used in

patient with renal dysfunction. [Free text]

Description of how to adjust the dose. [Free text]
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Population type interaction

MIN age of patient in whom drug should be used. [number]

Description of consequence if used in patient under the min age. [Free

text]

MAX age of patient in whom drug should be used. [number]

Description of consequence if used in patient over the MAX age. [Free

text]

Flag if the drug is inappropriate in frail patient. [Flag YES/NO]

Description of consequence if used in frail patient. [Free text]

Flag if the drug is inappropriate in breastfeeding. [Flag YES/NO]

Description of consequence if used in breastfeeding patient. [Free text]

Flag if the drug is inappropriate in a female patient of child bearing age. [Flag
YES/NO]

Description of consequence if used in a female patient of child bearing

age. [Free text]

Flag if the drug is inappropriate in a premenopausal female patient. [Flag

YES/NO]

Description of consequence if used in a premenopausal female patient.

[Free text]

Flag if the drug is inappropriate in a menopausal female patient. [Flag YES/NO]

Description of consequence if used in a menopausal female patient. [Free

text]

Flag if the drug is inappropriate in male patient. [Flag YES/NO]

Description of consequence if used in a male patient. [Free text]

Pregnancy trimester in which the drug is considered unsafe to use. [Standard

value]

Description of consequence if used in a pregnant female patientin a

given trimester. [Free text]

Race interaction: List of racial groups that may respond differently to the drug.

[Standard value]

Description of how the racial group responds differently.
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Genetic polymorphism interaction: List of genetic polymorphs that may result

in altered response to drug. [Standard value]

Description of consequence of polymorphism.

Drug Monitoring: List of
monitoring tests used if drug
is administered. [Standard

value]

Disease guideline to which
drug target is applicable.

[Standard value]

Frequency of testing.

[Standard value]

Target

[Free text]

Unit
[Standard

value]

Can the results may be
affected by another drug.
[Flag YES/NO]

Drug-monitoring interaction: List of monitoring tests the drug may affect.

[Standard value]

Description of how the drug affects results. [Free text]

Special instructions: instructions that should be

given to patients when prescribing the drug.

[Standard value]

If this information refers to a brand, flag if these
instructions override the generic drug

instructions. [Flag YES/NO]

Detailed description of instructions. [Free text]

Flag if PBS subsidised. [Flag YES/NO]

YES/NO]

Flag if RPBS subsidised. [Flag

Flag if PBS has specific requirements

for subsidy. [Flag YES/NO]

text]

Description of requirements. [Free
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References: List of references used.
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6.3.2.2.3 Report template

Date of interaction with system. [Date]

Name of Health Professional who interacted with the system. [Standard value/Log in name]

Presenting complaint: described by using disease and symptom addressed during interaction.

[Standard value]

Actions taken

Pharmacological agent ceased: name of
ceased pharmacological agents(s). [Standard

value]

Description of how the pharmacological
agent was ceased; OR if not ceased, rationale
of why the pharmacological agent was not

ceased. [Free text]

Non-pharmacological therapy: list of non-
pharmacological therapy initiated. [Standard

value]

Description of implementation strategy; OR
rationale not implementing non-

pharmacological therapy. [Free text]

Pharmacological | Dose Whether the Rationale for
therapy: list of [Number] | Units. Frequency. | pharmacological | implementation
pharmacological [Standard | [Standard | therapy will be if it had been
therapies value] value] used chronically, | flagged as
initiated. acutely, or prn. potentially
[Standard value] [Standard value] | inappropriate.
[Free text]

Current History

Medical History (sorted by current, intermittent or past)

Disease [Standard value]

Date of diagnosis. [Date]

Any comments regarding

disease progress. [Free text]

130




Chapter 5: Developing the Business Rule Engine

Event [Standard value]

Date of event. [Date]

Surgery [Standard value]

Date of Surgery. [Date]

Allergies: drug or allergy

class.[Standard value]

Severity of reaction.

[Standard value]

text]

Description of reaction. [Free

ADR: List of
drugs patient
had experienced
an ADR with.

[Standard value]

Description of
how ADR was
treated. [Free

text]

Onset of

reaction. [Date]

Outcome.

[Standard value]

Date of

outcome. [Date]

Non-pharmacological therapy: list

of non-pharmacological therapy

prescribed. [Standard value]

Indication described
by disease and
symptom. [Standard

value]

Description of how non-
pharmacological therapy has

been implemented. [Free text]

Pharmacological therapy (sorted by current, PRN or past)

Drug. Indication Dose Date Rationale
[Standard | described by | [Number] | Units. Frequency. | initiated. | for use.
value] disease and [Standard | [Standard [Date] [Free text]
symptom. value] value]
[Standard
value]
Monitoring results: list of monitoring tests Date of result. | Result
performed. [Standard value] [Date] [Number] | Units. [Standard

value]
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6.4 Business Rule Development and Testing

6.4.1 Method

IF... THEN business rules were developed using the clinical decision making process and
formed the basis of the business rule engine (Chapter 4: Ingredients of a Successful Clinical
Decision Support System: Results from Design, Development and Usability Testing and 5.3.2.1
Disease State Management). How the rules were linked to the user interface can be found in

Appendix 20.

Implemented business rules were tested for face validity using the same base patient (Table
3) with one attribute change that would trigger a rule (Table 4). The “base” patient had
attributes that would not trigger any patient dependent rules’. For business rules that were
not coded for, database queries were used to test the database architecture and the face
validity of the information that would appear on the user-interface screen once coded.
Hyperglycaemia due to type 2 diabetes over 65 no other conditions guideline was used to test

algorithms, unless otherwise stated.

Table 3: Base patient attributes

Attribute Information stored

Name Paulina X Stehlik

Gender Male

Date of Birth 15-12-1987

Race Caucasian

PBS eligibility Eligible for Medicare but not repat or concession

Renal function Normal

Liver function Normal

Frailty status Normal

Life expectancy > 10 years

Swallowing difficulty No

Dexterity difficulty No

Frail skin No

Other No medical history (allergies, events, surgery, ADR, etc...) unless
stated below.

’ Pharmacological treatments that required requirements to be met for PBS subsidy or were not PBS
subsidised triggered affordability rules.
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Table 4: Test patients

Test Algorithm Tested Patient info change Data (patient, drug, disease) Expected result as per database

Patient query
1 Patient allergy — drug Allergy to Add in patient information: allergy to Metformin  Appears in allergy History
metformin (severe — anaphylaxis) No precipitator

Flag as issue with:
Metformin
Diabex XR - Metformin
2 Patient allergy — drug class Allergy to Add in patient information: allergy to Appears in allergy History
Rosiglitazone Rosiglitazone (mild — rash)

No precipitator

Flag as issue with:
Pioglitazone
Rosiglitazone
3 Patient allergy — allergy class Sulfur Add in patient information: allergy to Sulfur Appears in allergy History
(moderate — uricaria) No precipitator
Flag as issue with:
Gliclazide
Diamicron MR - Gliclazide
Glibenclamide
Glimepiride
Glipizide
4 Drug-disease interaction — Nicotinic Acid Add in patient information: Nicotinic acid, Appear in Drug History
precipitates disease chosen current, 250mg tds — initiated 7/12/2002 — Not Precipitator identified:
tolerating other lipid medication Can cause hyperglycaemia;
moderate risk
Flag drug-drug interaction due to
same ADR with:
Acarbose
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Test
Patient

Algorithm Tested

Drug-disease interaction — on
drug page

Patient info change

Heart failure

Data (patient, drug, disease)

Add in patient information: Heart failure,
chronic, diagnosed 24/05/2010, patient does

not want treatment

Expected result as per database

query
Appear in medical history

No precipitator

Flag drug-disease interaction
with:

Metformin

Diabex XR - Metformin
Pioglitazone

Rosiglitazone

Drug-drug interaction — same
ADR

Precipitator drug due to drug-
disease interaction + drug ADR

Nicotinic Acid

Add in patient information: Nicotinic acid,
current, 250mg tds — initiated 7/12/2002 — Not

tolerating other lipid medication

Appear in Drug History

Precipitator identified:
Can cause hyperglycaemia;
moderate risk

Flag for drug-drug interaction
with due to SAME ADR with:
Metformin

Diabex XR - Metformin
Gliclazide

Diamicron MR - Gliclazide
Glipizide

Glibenclamide

Glimepiride

Acarbose

Sitagliptin

Exanatide
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Test Algorithm Tested Patient info change Data (patient, drug, disease) Expected result as per database
Patient query
6 Drug duplication— same drug Metformin Add in patient information: Metformin; 500mg Appear in Drug History

tds, initiated 12/05/2011, first line therapy No precipitator

Flag for same drug already
prescribed with:
Metformin
Diabex XR - Metformin
7 Drug duplication — same class Glipizide Add in patient information: Glipizide, 2.5 mg d, Appears in Drug History
initiated 24/09/2013 — Metformin not tolerated.  No precipitator

Drug duplication with:
Glipizide

Flag as issue with (same class):
Gliclazide

Diamicron MR - Gliclazide
Glibenclamide

Glimepiride

Glipizide

7 Drug-drug interaction

Flag for drug-drug interaction
with due to SAME ADR:
Metformin

Diabex XR - Metformin
Gliclazide

Diamicron MR - Gliclazide
Glibenclamide
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Test Algorithm Tested Patient info change Data (patient, drug, disease) Expected result as per database

Patient query
Glimepiride
Acarbose
Sitagliptin
Exanatide
Pioglitazone
Rosiglitazone
Insulin
Flag Drug-Drug interaction
Sitagliptin
Exanatide
8 Previous ADR —drug Metformin Add in patient information: Metformin, ceased Appears in ADR History

medication, 20-25/03/2013, laticacidosis, no No precipitator

sequale Flag for previous ADR with:
Metformin
Diabex XR- Metformin

9 Previous ADR — class Glipizide Add in patient information: Glipizide, ceased, Appears in Drug History
22/06 to 24/07/1999, Blood dyscrasia No precipitator
(Agranulocytosis), no sequalae, hospitalised

Flag as issue with (same class)
with:

Gliclazide

Diamicron MR - Gliclazide
Glibenclamide

Glimepiride

Glipizide
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Test Algorithm Tested Patient info change

Patient
10 Life expectancy shorter than time Life expectancy <5
to effect

Data (patient, drug, disease)

DRUG EXANATIDE: time to effect 7 years

Expected result as per database

query
Appears in “patient profile”

No precipitator

Flag time to effect > than life
expectancy with:
Exanatide

11 Drug-Liver interaction Mild liver
impairment

Add in patient information: mild liver
impairment

Appears in “patient profile”

No precipitator

Flag liver function interaction
with:

Glibenclamide

Pioglitazone

Rosiglitazone

12 Drug kidney interaction Mild renal function
impairment

Add in patient information: mild renal function
impairment

Appears in “patient profile”

No precipitator

Flag liver function interaction
with:

Metformin

Diabex XR- Metformin
Exanatide

Glibenclamide

Sitaglipin

13 Drug frail skin interaction Frail skin

Add patient frail skin = yes

Appears in “patient profile”

No precipitator

Flag issue with frail skin with:
Exanatide
Insulin
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Test Algorithm Tested Patient info change Data (patient, drug, disease) Expected result as per database

Patient query
14 Drug-Race interaction Asian race Patient information = race is Asian Appears in “patient profile”
No precipitator
Choose Osteoarthritis Flag:
Tramadol
Tramal SR
Durotram SR
15 Drug swallowing issues — DCC Swallowing Patient information swallowing issues = yes Appears in “patient profile”
difficulty No precipitator
Flag issue with swallowing
difficulty with:
Diabex XR- Metformin
Diamicron MR - Gliclazide

Drug X
15 Drug swallowing issues — Swallowing Patient information swallowing issues = yes Appears in “patient profile”
flagged on formulation difficulty No precipitator
(swallowing difficulty flag) Flag issue with swallowing

difficulty with:
Diabex XR- Metformin
Diamicron MR - Gliclazide

16 Drug dexterity issues Dexterity Patient information dexterity issues = yes Appears in “patient profile”
No precipitator
Flag issue with dexterity issues
with:
Exanatide
Insulin
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17

Algorithm Tested

Affordability — drug not
subsidised

Patient info change

Data (patient, drug, disease)

Choose Osteoarthritis

Expected result as per database query

Normal patient profile

No precipitator

Flag for drug affordability issue:
Voltaren Emugel

Zostrix

Sulindac

Durotram SR

18

Affordability — no Medicare  No Medicare

Patient info medicare = NO

Appears on “patient profile”

No precipitator

Flag for drug affordability issue:
All recommended drugs for T2DM

19

Affordability — authority
required

Appears on “patient profile”

No precipitator

Flag for drug affordability issue:
Sitaglipin

Exanatide

Pioglitazone

Rosiglitazone

21

Drug-Monitoring Acarbose

Interaction

Patient info = Acarbose, 50 mg
bd, initiated 05/04/2011

Appears on patient profile

No precipitator

Flag for drug-monitoring interaction:
Hb measurement affected in disease target
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Test
Patien
t

22

Algorithm Tested

Frailty score

Patient info change

Data (patient, drug, disease)

Moderately Frail Patient info = moderately frail

Choose Dyslipidaemia with no
other disease

Expected result as per database query

Appears on “patient profile”

No precipitator

Flag for issue with frail patients with:
Simvastatin

Pravastatin

Fluvastatin

Atorvastatin

Rosuvastatin

23

Pregnant

Pregnant Change to female
Change to pregnant: First
trimester

Change to Fertile

Appears on “patient profile”

No precipitator

Flag for issue with pregnant patients with:
Metformin

Diabex XR- Metformin
Gliclazide

Diamicron MR - Gliclazide
Glipizide

Glibenclamide
Glimepiride

Acarbose

Sitagliptin

Exanatide

Pioglitazone
Rosiglitazone
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Test
Patient
24

Algorithm Tested

Breastfeeding

Patient info change

Breastfeeding

Data (patient, drug, disease)

Patient info: female; breastfeeding; fertile

Expected result as per database
query

Appears on “patient profile”

No precipitator

Flag for issue with breastfeeding
patients with:

Gliclazide

Diamicron MR - Gliclazide
Glipizide

Glibenclamide
Glimepiride

Acarbose

Sitagliptin

Exanatide

Pioglitazone
Rosiglitazone

24

Fertile

Fertile

Patient info: female; fertile

Appears on “patient profile”

No precipitator

Flag for issue with fertile women
with:

Simvastatin

Pravastatin

Fluvastatin

Atorvastatin

Rosuvastatin
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Test
Patient
25

Algorithm Tested

Age — Older than MAX age

Patient info change

Patient is > 65

Data (patient, drug, disease)

Patient info: DOB 15/12/1925

Expected result as per database
query
Appears on “patient profile”

No precipitator

Flag for issue with patients older
than 65 with:

Metformin

Diabex XR - Metformin
Gliclazide

Diamicron MR - Gliclazide
Glipizide

Glibenclamide

Glimepiride

26

Age — Younger than MIN age

Patient < 12

Patient info: DOB 15/12/2007

Choose Dyslipidaemia with no other disease

Appears on “patient profile”

No precipitator

Flag for issue with patients
younger than 12 with:
Simvastatin
Pravastatin
Fluvastatin
Rosuvastatin
Ezetimibe
Fenofibrate

Questran Lite
Colestid

Fenofibrate
Gemfibrozil
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Test
Patient

Algorithm Tested

Patient info change

Data (patient, drug, disease)

Expected result as per database
query

Omacor

Simvastatin

Pravastatin
Fluvastatin
Rosuvastatin
Fenofibrate
Gemfibrozil
Omacor

27

Premenopausal

Premenopausal

Patient info: female, premenopausal

Appears on “patient profile”

No precipitator

Flag for issue with
premenopausal women with:
Pioglitazone

Rosiglitazone

All except:

23, 24, 27

Male

None

N/A

Appears on “patient profile”

No precipitator

Flag inappropriate in men with:
DRUG X

28

Gene Polymorph

CYP2D6 ultra-fast
metaboliser

Patient info: CYP2D6 ultra-fast metaboliser

Appears on “patient profile”

No precipitator

Flag as inappropriate due to gene
polymorph with:
DRUG X
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Test Algorithm Tested Patient info change Data (patient, drug, disease) Expected result as per database
Patient query
29 Drug-event interaction Stroke Patient info: myocardial infarction, 15/02/2013 Appears on patient profile
No precipitator
Choose dysllpldaemla with no other F|ag as inappropriate due to past
comorbidities event:
Nicotinic acid
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In addition, a fabricated pharmacological agent was added to the database to test business
rules that would not be triggered with the knowledge currently in the system (Table 5). This
drug was added to disease and symptom pharmacological treatment table for Type 2

diabetes with no other co-morbidities (dose 500mg daily, time to effect 5 days).

Table 5: Fabricated pharmacological agent attributes

Attribute Information stored
Name DRUG X
Formulation IR tablet
Pharmacological Other

Class

Duration of action 24 hours

Inappropriate in:

Menopausal women Description: BAD
Men Description: BAD
PBS Subsidised YES

Gene polymorph With CYP2D6 ultra rapid metaboliser

interaction Increased risk of ADR

Ancillary labels DCC
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6.4.2 Results

Initial code was created by a student programmer (Chapter 4: Ingredients of a Successful

Clinical Decision Support System: Results from Design, Development and Usability Testing);

however, incorrect information appeared on the user interface screen. A senior programmer

was consulted to rectify the identified problems, in addition to making interface modifications

as identified in usability testing (Chapter 4: Ingredients of a Successful Clinical Decision

Support System: Results from Design, Development and Usability Testing).

All query results matched data put into the knowledge base suggesting good database

architecture and face validity of information given.
Five business rules had been implemented at the conclusion of this research:

Identification of allergy risk due to allergy to the same drug;

Identification of allergy risk due to allergy to a drug in the same drug class;
Identification of allergy risk due to allergy to a drug in the same allergy class;
Identification of current medication that may be precipitating disease or symptom

i A

experienced by the patient; and
5. Identification of potential drug interaction with patient currently active disease.

All coded business rules displayed the expected information on the user interface (Table 6).
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Table 6: Business rules coded in system

Test
Patient

Patient info
change

Algorithm Tested

Data (patient, drug, disease)

Expected result as per
database query

Did expected result

appear on user interface?

1 Patient allergy —drug  Allergy to Add in patient information: allergy to  Appears in allergy History Yes
metformin Metformin (severe — anaphylaxis) No precipitator Yes
Flag as issue with: Yes
Metformin
Diabex XR - Metformin
2 Patient allergy —drug  Allergy to Add in patient information: allergy to ~ Appears in allergy History Yes
class Rosiglitazone Rosiglitazone (mild — rash) No precipitator Yes
Flag as issue with: Yes
Pioglitazone
Rosiglitazone
3 Patient allergy — Sulfur Add in patient information: allergy to ~ Appears in allergy History Yes
allergy class Sulfur (moderate — uricaria) No precipitator Yes
Flag as issue with: Yes
Gliclazide
Diamicron MR - Gliclazide
Glibenclamide
Glimepiride
Glipizide
4 Drug-disease Nicotinic Acid  Add in patient information: Nicotinic Appear in Drug History Yes
interaction — acid, current, 250mg tds — initiated Precipitator identified: Yes
precipitates disease 7/12/2002 — Not tolerating other lipid  Can cause hyperglycaemia;
chosen medication moderate risk

Flag drug-drug interaction due
to same ADR with:
Acarbose

Not implemented
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Test Algorithm Tested Patient info Data (patient, drug, disease) Expected result as per Did expected result
Patient change database query appear on user interface?
5 Drug-disease Heart failure Add in patient information: Heart Appear in medical history Yes
interaction — on drug failure, chronic, diagnosed No precipitator Yes
page 24/05/2010, patient does not want Flag drug-disease interaction Yes
treatment with:
Metformin
Diabex XR - Metformin
Pioglitazone
Rosiglitazone
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6.5 Discussion

A business rule engine was successfully built using a relational database model. Rationale and
the benefits of using a business rule engine and relational model have been discussed
previously (2.2.3.1.4 Database Architecture and Chapter 4: Ingredients of a Successful Clinical
Decision Support System: Results from Design, Development and Usability Testing). The
database was populated with quality data gained from reputable sources, although the extent
of knowledge within the system prototype is limited. Systems not using a rule-based engine
require extensive testing after information updates.(47, 48) By using a business rule engine
not only is development is simplified as rules are independent of software coding, but
updates to business rules can occur without the need for interface recoding.(5) Information
can be added to, or altered within, the system database using the disease state management
and drug monograph templates without the need for reprogramming. This information
should be handled by experts in respective fields, as is current practice for disease state
management and drug information distribution and also expected by health professionals

using electronic resources to guide practice.(1, 39, 40, 49)

Issues encountered during database development and population were primarily due to
medical terminology. To overcome these issues during prototype development, terms such as
“all” were used to identify clusters of diseases and symptoms (e.g. a pharmacological agent

|II

can cause “all” the symptoms of a given disease). This is not ideal and a major limitation of
the system prototype. Future development of the system should use either medical
terminology developed with the help of medical experts or utilise standard medical
terminology to allow for easier disease and symptom clustering in addition to data exchange
with dispensing and prescribing systems and other electronic health records.(1, 2, 50-52)
Although numerous standard terminologies are available,(53) the Australian extension of
SNOMED clinical terms should be used in Australia to allow for easy integration with the
personally controlled e-health record system developed by the National E-Health Transition
Authority.(54) Standard terminology was not used during the development of this system as
large amounts of data conversion would be required and was not considered necessary for
prototype development. Alternatively, artificial intelligence can be built into the database as

part of the knowledge management to allow the system to learn new terminology, how terms

are connected to each other and standard terminology used by other systems.(55, 56)
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Some reprogramming will be required when these updates occur; however, the concepts
regarding attributes required and processes for clinical decision-making described in this

chapter are still applicable.

6.6 Conclusion

The findings from Chapter 3: Resources for disease state management — what do health
professionals want? and Chapter 4: Ingredients of a Successful Clinical Decision Support
System: Results from Design, Development and Usability Testing have influenced the design
and development of a new framework for patient relevant disease state management
information delivery in the form of a CDSS. Information attributes required for clinical
decision-making remain the same irrespective of population type, disease state or
pharmacological agent and were used to develop the business rules, define database
attributes and construct templates for system knowledge updates. Previously encountered
issues with updating system information were overcome by the use of a business rule engine

and templates for data population.

The next chapter describes target user feedback regarding whether the developed system

prototype meets HPs’ information needs during health care delivery.
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Chapter 6: Provision of patient
relevant information during complex
clinical decision making: Usability

evaluation

(Phase 3)

7.1 Preamble

The previous chapters (Chapter 4: Ingredients of a Successful Clinical Decision Support
System: Results from Design, Development and Usability Testing and Chapter 5: Developing
the Business Rule Engine) described the design, development and usability testing of a novel
framework for information delivery to health professionals (HPs) in the form of a clinical
decision support system (CDSS). The CDSS design was based on requirements identified from
HP interviews (Chapter 3: Resources for disease state management — what do health
professionals want?) and literature review of successes and failures of other CDSS, quality
prescribing, disease state management guidelines and drug monographs (Chapter 4:
Ingredients of a Successful Clinical Decision Support System: Results from Design,
Development and Usability Testing and Chapter 5: Developing the Business Rule Engine). The
system was successfully developed, although not all requirements were implemented. Initial
usability evaluation using a modified talk-out-aloud method suggested that the system was
informative and usable despite minor interface issues (Chapter 4: Ingredients of a Successful

Clinical Decision Support System: Results from Design, Development and Usability Testing).

Business rule testing using simulated patients uncovered incorrect information display; as a
result the system was recoded by a senior programmer using the same basic interface design
(Chapter 5: Developing the Business Rule Engine). The five business rules implemented in the
recoded system provided the expected information about the user interface. Further
evaluation of the framework was required to determine whether or not the system is useful

to a larger sample of practicing HPs and how the information delivery can be improved.

The aim of this study was to evaluate the usefulness and usability of the system and identify

areas of improvement.
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What this manuscript adds to the current knowledge

This study reinforces that the information delivery framework developed could be useful and
usable in practice according to potential users and supports results of other studies
identifying regarding desired information and system features. This study also validated a
modified Computer System Usability Questionnaire (mCSUQ) that allows for usability
evaluation in an indirect setting such as a demonstration. Finally areas of future development
for evaluated system were identified in addition to cultural and technical barriers that need

to be overcome for CDSS success.

This study has been submitted for publication in the peer-reviewed Journal of the American
Medical Informatics Association that appropriately targets an audience involved in all aspects

of health informatics including policy making, design, development and evaluation.
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Abstract
Background

Traditional forms of communicating best practice do not adequately address all aspects of
quality prescribing needs when managing complex patients. Electronic solutions in the health
sector are often unusable. A new system for information delivery was developed in order to
address identified shortcomings. This paper describes the usability evaluation of this

information delivery system.
Method

The system was demonstrated to medical practitioners and pharmacists. Their feedback was

provided through a modified Computer Software Usability Questionnaire (CSUQ) and focus

group.
Results

A modified CSUQ for indirect system usability evaluation was validated. Overall the system
usability was good (mean 5.05, SD 1.07). Minor changes to the functionality, information

available and interface were suggested.
Conclusion

The system is considered potentially usable and useful by health professionals, although
minor, easily implementable changes are required. Further testing with a fully developed

prototype is now required.
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BACKGROUND AND SIGNIFICANCE

Health professionals (HPs) are expected to use the most up to date evidence to guide their
practice. The quantity of information published makes this almost impossible; on average 75
trials and 11 systematic reviews are being published every day.(1) In order to assist HPs,
clinical guidelines have been developed as tools that summarise the evidence and inform
practice; however they do not take into account important determinants of quality
prescribing such as multi-morbidity, end of life and other contributors to patient complexity
such as ageing.(2-5) Other tools have been developed to address these gaps, but HPs
generally do not find them adequate or practical in assisting decision making in complex
patients.(6) One possible way HPs can be provided with required information in an efficient

and usable way is with the use of decision support systems (DSS).(6)

DSS mimic human experts(7) and aim to assist users through alerts and messages, providing
definite answers, or display of other information, that may influence the user’s actions or
decisions. DSS used in health, or clinical decision support systems (CDSS), contribute to
improving adherence to disease state management guidelines, decrease inappropriate
prescribing and improve patient satisfaction and outcomes.(8-12) They are also able to
improve practitioner performance(13), adherence to evidence based practice,(9, 14) decrease
medication errors and adverse drug reactions (ADR)(15) and potentially decrease costs.(16)
Usability influences the success of a CDSS and is affected by factors such as efficiency,
understandability, error prevention, accuracy, attractiveness and learnability.(17-19)

Unfortunately, the health sector lacks effective and usable CDSS.(20)

A prototype CDSS, MedManAGE, has been developed that displays patient relevant
information to inform disease state management of complex patients.(21) System
requirements were defined using HP interviews, literature outlining past successes and
failures of CDSS, disease state management guidelines and drug monographs.(6, 21) Initial
usability testing using a modified talk-out-aloud method indicated that MedManAGE was
usable despite minor interface issues.(21) The system was originally coded by a student
programmer; however, a senior programmer advised recoding the software to rectify
identified issues. Other than minor changes recommended by usability testing, the interface

design remained the same.
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Usability testing throughout the design and development process is able to improve usability,
user satisfaction and productivity and decrease remodelling costs;(18) however, no single
evaluation technique is able to measure all factors that influence usability.(19, 22) This study
aimed to gain insight from a larger sample size of likely end-users using multiple evaluation
techniques to determine if the way in which MedManAGE presents information is considered

informative and useable and how information delivery can be improved.
MATERIALS AND METHODS

This study used questionnaires to gather quantitative and qualitative data, which were
augmented by focus group feedback. Questionnaires can be used to objectively collect
subjective data such as people’s knowledge, beliefs, attitudes, and behaviours.(23, 24) They
are practical to administer and can gather feedback from a large number of people.(23, 24)
Focus groups can be used during early development in order to gain in-depth understanding
of the perceived usefulness of a prototype in addition to other insights that may not have
been gathered with the use of questionnaires.(25-27) The study was approved by Monash

University Research Ethics Committee.
Recruitment and Sample Size Calculation

Purposive sampling was used to recruit potential users to evaluate the system. Eligible
participants were student, intern, or registered HPs (pharmacists or medical practitioners) as

these are the target end-users of the system.

Questionnaire sample size calculation (accuracy=1, standard deviation (SD)=2, p-value=0.05,
power=0.8) indicated that a minimum of eight participants per group were required for
between group comparisons. Focus groups, a qualitative research method, do not require a

sample size calculation as data is collected until saturation of themes.(25)
Questionnaire Evaluation

The system was demonstrated to participants in the metropolitan area of Melbourne
(Australia) attending educational sessions held by the Pharmaceutical Society of Australia
(PSA), Peter James Centre (PJC) hospital and the General Practitioner (GP) Reference Group at
Medicare Local. The demonstration consisted of an introduction explaining why the system

was created, system purpose and study rationale. At the time the system interface and major
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functions had been coded, although not all decision algorithms had been implemented and
no colour had been added to the system interface. Demonstration of the system enabled
participants to see how the information would be displayed. Participants were also given a
detailed description of what information would be displayed when all the decision algorithms

are implemented.

The Computer Software Usability Questionnaire (CSUQ) was developed and validated by IBM
in the 1990s to quantitatively measure overall satisfaction with the system, its usefulness,
information quality and interface quality in addition to qualitative data collection.(28) It can
be used to estimate overall satisfaction across different user groups and research
settings.(28) The CSUQ is a slightly modified version of the Post-Study System Usability
Questionnaire (PSSUQ). Both questionnaires measure overall usability, system satisfaction
information quality, and interface quality.(28) CSUQ and PSSUQ have good reliability overall
and within the subscales.(28) In addition, the PSSUQ has been shown as a good predictor of
other usability indicators such as successful task completion.(28, 29) Due to the similarities
between CSUQ and PSSUQ, the two questionnaires are considered interchangeable with

regard to reliability and validity.(28)

As the CSUQ was intended to be completed by users who have directly interacted with the
system, the wording was modified slightly to reflect a demonstration environment; for
example “it is simple to use this system” was changed to “l would find it simple to use
MedManAGE” In addition, some questions were removed as they could not be completed by
participants. The modified CSUQ (mCSUQ) was revalidated using a pilot demonstration to
ensure that the minor changes in wording did not affect questionnaire validity. The final
guestionnaire and omitted questions are shown in Table 1. Demographic data regarding

clinical and computer experience was collected from participants.

After a demonstration of the system, participants were asked to complete the mCSUQ and an
expression of interest form to participate in usability evaluation focus group. Questionnaire

participants remained anonymous and return of questionnaires was considered informed

consent.
Original Question Modified Question” Domains Covered
Q1 Overall, | am satisfied Q1 Overall, | am satisfied Overall satisfaction

with how easy it is to use this | with how easy it would be to | System usefulness
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system.

use MedManAGE

Q2 It is simple to use this

system.

Q2 | would find it simple to
use MedManAGE

Q3 | can effectively complete

my work using this system.

Q3 | could effectively
complete tasks using

MedManAGE

Q4 | am able to complete my
work quickly using this

system.

Q4 | would be able to
complete tasks using

MedManAGE

Q5 | am able to efficiently
complete my work using this

system.

Q5 | would be able to
efficiently complete tasks

using this MedManAGE

Q6 | feel comfortable using

this system.

Q6 | would feel comfortable

using MedManAGE

Q7 It was easy to learn to use

this system.

Q7 It would be easy to learn

to use MedManAGE

Q8 | believe | became
productive quickly using this

system.

Q8 | believe | would become
productive quickly using

MedManAGE

Q11 The information (such as
on-line help, on-screen
messages and other
documentation) provided

with this system is clear.

Q9 The information (such as
on-screen messages, and
other documentation)
provided MedManAGE is

clear

Q12 It is easy to find the

Q10 It would be easy to find

Overall satisfaction

Information quality
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information | need.

the information | may need

Q13 The information
provided with the system is

easy to understand.

Q11 The information
provided for the system is

easy to understand

Q14 The information is
effective in helping me

complete my work.

Q12 The information would
be effective in helping me
complete the tasks and

scenarios

Q15 The organization of
information on the system

screens is clear.

Q13 The organization of
information on MedManAGE

screens is clear

Q16 The interface of this

system is pleasant.

Q14 The interface of
MedManAGE is pleasant

Q17 I like using the interface

of this system.

Q15 | would like using the
interface of MedManAGE

Q18 This system has all the
functions and capabilities |

expect it to have.

Q16 MedManAGE has all the
functions and capabilities |

expect it to have

Overall satisfaction

Interface quality

Q19 Overall, | am satisfied

with this system.

Q17 Overall, | am satisfied

with MedManAGE

Overall satisfaction

Unchanged questions

List the most negative aspect(s) of MedManAGE:

1.
2.
3.

List the most positive aspect(s) of MedManAGE:
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Additional comments:

Omitted question Rationale for exclusion Domains Covered

Q9 The system gives error These features were had not | Overall satisfaction

messages that clearly tell me | been implemented at time of | Information quality

how to fix problems. demonstration

Q10 Whenever | make a
mistake using the system, |

recover easily and quickly.

*questions used a 7-point Likert scale (1 = strongly disagree; 7 = strongly agree; N/A)

Focus group feedback

Demonstration attendees who expressed interest were invited by phone or email to

participate in the focus group. During the focus group the system was demonstrated again

and a question guide developed by the researchers was used to explore participants’ initial

impressions of the system, positive and negative aspects, perceived usefulness and areas for

improvement (Box 1). The focus group session was held at Monash University (Parkville) and

lasted 90 mins. Written consent was obtained prior to conducting the focus group. The

session was audio recorded and transcribed verbatim. In addition, field notes were taken to

assist with transcript analysis.

N

What was your initial impression of MedManAGE?

What are the positive aspects of MedManAGE? How are they positive?

What are the negative aspects of MedManAGE? How can these be improved? Including
design, information and functionality

Do you feel that MedManAGE would provide you with useful information when deciding
on disease state management options for complex patients? What additional information
would you need?

Would you find MedManAGE useful in practice? Why or why not? How can it become
useful?

Additional Remarks?
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Data analysis

Internal consistency for the mCSUQ was calculated using Cronbach’s alpha. Average variance
extracted (AVE) was also calculated in order to assess convergent validity, a subtype of
construct validity.(30) The overall score (Q1-17), system usability (Q2-8), information quality
(Q9-13), and interface quality (Q14-16) were calculated by taking the average of answered
questions. Skewness of results was measured by finding the median scores. Correlations
between overall usability score and type of HP, years of registration, hours of practice per
week, geriatric qualification and computer confidence were calculated using non-parametric
tests. Qualitative questionnaire data and focus group feedback, including field notes, were

evaluated using thematic analysis.

Quantitative data was managed in MS Access(31) and exported to SPSS(32) and MS Excel(33)

for analysis. NVivo was used for all qualitative analysis.(34)
RESULTS

Fifty three educational session attendees were eligible to participate; 52 returned a
completed questionnaire (Table 2). Of the returned questionnaires one had only three out of
17 questions completed, and one provided low scores despite positive comments suggesting
that the participant had misread scale orientation; results were analysed excluding these
participants. Of the 53 eligible participants, six returned focus group expression of interest
forms. One participant did not provide a valid contact email or phone number, one did not
respond to email invitation, one was unable to participate during scheduled focus group
times and one declined at follow up; only two participants were successfully recruited for

focus group feedback.

Questionnaire Feedback

Session

PSA 42 out of 43 returned
Medicare local 2 out of 2 returned”
PJC 7 out of 7 returned

Type of Health Professional

Undergraduate Medical Student * 3

167




Chapter 6: Provision of patient relevant information during complex clinical decision

making: Usability evaluation

Undergraduate Pharmacy Student 1
Registered Medical Practitioner 7
Registered Pharmacist 36
Unknown 5
Registered in Australia

Yes 46
No 6

Years of Registration

Pharmacist

Mean: 30, Mode: 30; Range: 5-51

Medical Practitioner

Mean: 11, Mode: 2; Range: 2-29

Unknown

Mean: 23, Mode: 17; Range: 17-35

Hours of Practice

>40 11
30-40 17
20-30 6
10-20 6
<10 8
Not practising 4
Other Qualifications or Specialisations

Geriatric 7
Computer 0
Computer Use

Every day 47
Once a week 4
Once a month 1
Computer confidence

Very confident 15
Confident 29
Little confidence 8

Focus Group Feedback

Years of Geriatric

registration | specialty

Computer

specialty

Hours of Computer | Computer
practice use confidence
per week
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Pharmacist 1 | 40 Yes No 30-40 Every day | Very

(P1) confident
Pharmacist 2 | 50 (retired) | Yes No N/A Every day | Confident
(P2)

* Ten attendees were present, only two were eligible
T All undergraduate students were in their final year of study

mCSUQ validation

The mCSUQ exhibited good internal consistency with high Cronbach's alpha across all
domains (Table 3). AVE scores show good correlation between domains and, as expected,
more variation between domains than within domains, indicating that modification did not

jeopardise convergent validity (Table 3).

Cronbach AVE

Alpha
Overall usability 0.968 System usefulness | Information quality | Interface quality
System usefulness 0.949 0.72 - -
Information quality 0.927 0.65 0.74 -
Interface quality 0.868 0.51 0.67 0.67

Descriptive statistics

Overall the system scored above neutral (mean 5.05, SD 1.07) (Table 4). The highest scoring
domain was the information quality (mean 5.09, SD 1.09) demonstrating that HPs were most
satisfied with the quality of information given. As the interface was not complete at the time
of demonstration the domain relating to interface quality unsurprisingly scored the lowest
(mean 4.84, SD 1.24). Question 14, “the interface of MedManAGE is pleasant” scored the
lowest average score (mean 4.78, SD 1.38), whereas question 7 “it would be easy to learn to
use MedManAGE” had the highest score (mean 5.55, SD 1.17) suggesting that the interface
was clear and simple but perhaps scored lower than other domains due to a lack of colour

and embellishments.
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Mean (SD) | Median | Mode | Range
Overall usability 5.05 (1.07) 5.13 5.88 | 2.41-6.94
System usefulness [ 5.06 (1.11) 5.13 4.50 2.13-7
Information Quality | 5.09 (1.09) 5.10 5 2.60-7
Interface Quality 4.84 (1.24) 5 5 1-7

There were no differences in overall usability score and type of HP (p=0.585), years of

registration (p=0.880), having a geriatric qualification (p = 0.269), computer confidence

(p=0.066) and hours of practice per week (p=0.679) (Table 5).
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Overall Usability Score p-value p-value
(with (without
unknown) | unknown)

Type of HP* Medical Pharmacy (2) Unknown (0) 0.817 0.585

(1) n=35 n=5

n=10
Years of <10(1)t | >10(2) Unknown (0) 0.437 0.880
registration n=12 n=37 n=1

excluded

Hours of <20 >20 hours a week Unknown*(0) 0.685 0.679
practice hours a n=32 n=4

week (2)

n=14
Geriatric Yes (1) No (0) - 0.269 -
qualification n=43 n=7
Computer Very Little confidence - 0.066 -
Confidence confident | (2)

or n=8

confident

(1)

n=42

* including students

1 Students were counted as zero years of registration
FAll students left this blank and were counted as zero hours of practice a week

Qualitative feedback

Qualitative feedback from questionnaires was grouped into two main themes: features that

improve satisfaction with the demonstrated system and perceived barriers to CDSS

implementation in general.

Positive aspects of the system identified by participants included being able to access

required information from one system that is comprehensive and patient relevant.

“Quick method of acquiring information that is reliable.” Pharmacist (ID 45)
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“Very comprehensive program detailing information required for prescribing

decisions” Pharmacy Student (ID 42)

“Positive aspect: completeness of decision based support.” Medical Practitioner

(ID 56)

“Positive aspect: all information is linked to individual patient folder” Pharmacist

(ID 25)

Participants offered ideas on how to improve interface usability and software usefulness with

additional information and functionality. Most participants commented positively about the

interface; however, suggestions for improvement included addition of colour to highlight
important information, larger headings and ability to see all patient information on one

screen.

“Clear interface, appears user friendly and easy to navigate” Medical Student (ID

44)

“Interface is very uniform. Need more highlighting of important aspects”

Pharmacist (ID 15)
“Not easy to see all information in 'one' go” Pharmacist (ID 24)

“It’s great having [patient information] on one page without having to fish for it
on another page” P2 (Focus group)
Suggestions for additional information included comprehensive review and deprescribing
guidance and statistical data on therapy efficacy such as number needed to treat. Most
frequently highlighted by participants was the need for high-quality up-to-date referenced

information within the system.

“Danger of garbage in and garbage out if the decision support evidence is not

verified or issued by authority” Pharmacist (ID 25)

“References where guidelines were taken from would be very important. Who will
be screening the reliability of info entered into database?” Medical Practitioner

(ID 55)

“I do marking for ACP on the case studies and the candidates come up with the
most remarkable studies and things to say what they want to say... things from

1990 and they’re not filtering their references... they’ve found something in
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Pubmed so that’s gospel... You need a filter going on as well... That latest thing

you read in the Women’s Weekly last week | really don’t want to appear [in the

system].”P1 (Focus group)
Functionality suggestions included hyperlinks to references, a forward/back button at the
bottom of the screen for faster navigation and addition of calculators that would standardise
patient categorisation such as creatinine clearance and life expectancy calculators. An
identified deterrent to system use was patient data entry due to the time taken to populate
patient information. Compatibility with electronic health records (EHR) would improve their
ability to use the system, such as with prescribing, dispensing or home medication review

software.

“Negative aspect: The initial time involved to fill in all the required details”

Pharmacist (ID 34)
“May be time consuming to create patient profile” Pharmacist (ID 43)

“Appears that it would take a long time to enter patient data.” Medical

Practitioner (ID 56)

“I'd only like to enter [patient information] once... I’d like to enter it into and have
[my home medication review software] populate your tool... Or the other way
around right, either way | wouldn’t want to be double entering everything” P1
(Focus Group)
There were a number of barriers to CDSS use raised by participants that are applicable to
decision support in general. A major barrier identified was the lack of accurate patient health
records accessible by all HPs involved in patient care and concerns surrounding clinical

autonomy and litigation if CDSS recommendations are followed.

“It seems to require a very comprehensive patient history - rarely available to

clinical pharmacist” Pharmacist (ID 50)

“l find that in my work most of the time | am working with incomplete
information, | really don’t know all the symptoms, so | read the progress notes, |
read the referral, | write down what | have got, | talk to the nurse, she tells me
some more, still don’t have it all, so if the programme’s depending on me knowing

it all that’s harder” P1 (Focus group)
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“Il would feel comfortable] using the software yes - but not sure of legal aspects

of the information/ choices” Pharmacist (ID 34)
Issues with poor patient record keeping were of concern, including use of medical
terminology with varying meaning among clinicians. Participants highlighted a number of
issues surrounding the way patient information was entered and maintained in current
medical records. Several examples were provided, such as combining allergies and ADR,
listing events such as stroke as a current medical condition and listing complementary and
alternative medications (CAMs) such as herbal medications and vitamins as non-drug

treatment.

“A lot of doctors leave in every drug that the person’s ever had and they don’t
necessarily mark it as inactive so I’ll still be there looking at the drug chart and

finding out what’s actually going on” P1 (Focus group)

“Again you could probably combine... both [allergies and adverse drug
reactions)... That’s what’s happening in practice, that’s what on front of the drug

chart”P1 (Focus Group)

“And I’'m assuming you’ve got under the non-drug treatment there that would
include all the vitamins or whatever else they’ve got... | think the medical
professional... [are] essentially interested in the orthodox medicine and the other

drugs [e.g. CAM] do you separate the two out at all?” P2 (Focus group)

DISCUSSION

This study examined HP satisfaction with a novel framework for information delivery during

complex patient clinical decision-making. Despite the limitations of using a demonstration

and limited recruitment for focus group feedback, the strength of this study lies in the overall

sample size; sample size calculation indicated that eight participants per comparison group

were required and a total of 52 (10 medical and 42 pharmacy) HPs were recruited for the

questionnaire feedback, adding confidence to the results. The questionnaire sample size was

large enough (n 2 16) to draw conclusions regarding system useability. MedManAGE scored

well on all domains: overall usability, system usefulness, interface quality, and scored highest

on information quality. No differences in results were observed between type of health

professional, years of registration, hours of practice per week, geriatric specialty and
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computer confidence indicating that the system is considered usable by both types of HPs
irrespective of clinical or computer experience. Qualitative feedback was positive with minor,
easily-implementable recommendations to improve the system functionality, information and
interface. These recommendations are in line with usability guidelines and studies regarding

CDSS interface design.(35-40)

Major concerns encompassed quality of patient information and time taken to enter patient
data where a possible solution alluded to by participants is integration with a range of
currently utilised EHR. These results reflect known factors affecting CDSS acceptance. Shibl et
al expanded on the UTAUT model of DSS acceptance by conducting in-depth interviews with
37 Australian GPs in order to describe factors that influenced DSS acceptance.(41) Similar to
the UTAUT model, non-integration with local EHR systems hindered acceptance of DSS.(41)
Newly identified enablers of DSS acceptance included trust in the knowledge base, where
trust was gained if the knowledge came from a reputable source such as a medical expert.(41)
These findings are echoed by other qualitative method studies, (6, 42, 43) and CDSS

evaluations.(21, 44)

Beyond the scope of this system, two major changes were identified that need to occur for
effective CDSS implementation. First, accurate recording of patient information using a
consistent approach is required.(45-47) This includes appropriate classification of attributes
such as allergies, ADR, events, medical conditions, and therapies. In the case of drug, CAM

IM

and non-drug classification, in order to overcome confusion the terms “non-pharmacologica

|”

and “pharmacological” were used in MedManAGE; despite this, focus group participants still
equated “pharmacological” to “orthodox medicine”. One solution to this may be altering the
interface so that therapies flagged as “CAM” are listed separately; however, use of the term

“CAM” is may not be appropriate in itself:

“There are not two kinds of medicine, one conventional and the other
unconventional, that can be practiced jointly in a new kind of ‘integrated
medicine’. Nor... are there two kinds of thinking, or two ways to find out which
treatments work and which do not. In the best kind of medical practice, all
proposed treatments must be tested objectively. In the end, there will only be
treatments that pass that test and those that do not, those that are proven
worthwhile and those that are not.” Relman (48)

How attributes such as these are classified needs to be agreed upon, and remain consistent,

among HPs when documenting patient information.
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Second, a central EHR to which all HP have access needs to be available to inform HP and
CDSS decision making; these types of EHR have been successfully implemented in other

countries, but have met with limited success in Australia.(46, 49)
Limitations

Results of this study may have been limited by lack of direct interaction of participants with
the system. Ideally participants should use the system themselves in order to judge its
usability; however, use of an online server was not feasible and local computers were
unavailable for system installation. An initial recruitment strategy involved participant
download and installation of the system for testing; no participants were recruited using this
method possibly due to reluctance to download an unproven software application. Therefore
the system was demonstrated to potential users in order to gain feedback. Comments by
participants suggested that the demonstration might have misrepresented actual usability
due to inability to see the projection screen properly and inability to explore the system
themselves. In addition, the system used during demonstrations was not fully re-coded; not
all of the decision algorithms or system features had been implemented, and the system
interface was in black and white only. Some of these limitations were overcome by providing
an introduction to the system, explanation of planned features yet to be implemented and by

answering participant questions during demonstrations.

The focus group provided an opportunity for in-depth system discussion; however, as only 2
participants were able to attend and were similar in characteristics, the discussion was not as
wide-ranging as intended and data saturation could not be reached. Lack of successful
recruitment for both online testing and focus group feedback indicates that HPs may not
consider providing usability feedback at early stages of system development worthwhile or
within their capability; however, in order to provide useful, effective and usable systems to
health care providers their involvement throughout development is imperative.(37, 39, 43,

50)
CONCLUSION

The tested system for patient-relevant information delivery during complex-patient disease
state management was considered usable by potential HP users. Participants were most

satisfied with disease state management therapy choice information provided by the system.
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Major determinants of usefulness were integration with EHR currently in use by the HPs and
quality of information within the system. Identified barriers to CDSS use included inconsistent
classification of patient information attributes and access to accurate patient data. A
modified CSUQ was also validated and may be useful to other researchers during indirect
usability evaluation. Future work will involve usability evaluation with all decision algorithms
implemented, a fully developed colour interface and additional features as identified in this

study.
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Chapter 7: Summary, Future Directions

and Conclusion

8.1 Summary

Currently available information sources addressing complex patients, such as the aged, do not
cover all aspects of care such as end of life, multi-morbidity and frailty; those that do are
unpractical to use at the point of care due to their complexity.(1-4) One way to overcome this
may be through the use of clinical decision support systems (CDSS); however, although there
have been a number of studies identifying features that improve CDSS success, currently
available systems are reported to be far from usable.(5-9) In addition, CDSS in use do not
address many of aspects of providing care to complex patients.(10) The overall aim of this
research was to identify health professionals’ (HPs’) information needs when delivering
healthcare to complex patients and to develop and test a framework for information delivery

that would address identified needs.

Key HPs that are regularly involved in complex patient clinical decision-making were
interviewed to determine their information needs and to provide insight into how to deliver
the required information in a way that is not only informative but also usable (Chapter 3:
Resources for disease state management — what do health professionals want?). Findings
indicated that currently available information sources did not meet HP needs. Timely access
to relevant literature and difficulties in contextualising identified information were major
hurdles to health care delivery. In addition, omitted patient health information prevented
participants from making informed decisions regarding their patients’ healthcare
management. Desired features of information resources included providing locally relevant
recommendations individualised to patient needs that are based on up-to-date high quality
information accompanied by rationale and links to additional information. HPs interviewed
focused not only on pharmacological aspects of disease state management, but also on non-
pharmacological treatment options. Factors that guided treatment choice included patient
medical and social history and how treatment choice would impact the patient’s quality and
guantity of life; information resources should take the same factors into account when
providing recommendations. Participants preferred electronic delivery as it is quicker to
navigate and can use patient information stored in prescribing or dispensing software or

other electronic health records (EHR) to provide patient relevant recommendations. Finally,
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attention to font, colour and layout, impacted on participants’ willingness to use information

resources.

These findings were augmented by review of Australian and international literature to inform
system development (Chapter 4: Ingredients of a Successful Clinical Decision Support System:
Results from Design, Development and Usability Testing and Chapter 5: Developing the
Business Rule Engine). Information requirements were defined in further detail as part of
clinical decision-making process modelling (Chapter 4: Ingredients of a Successful Clinical
Decision Support System: Results from Design, Development and Usability Testing and
Chapter 5: Developing the Business Rule Engine) and identification of features promoting
CDSS success (Chapter 4: Ingredients of a Successful Clinical Decision Support System: Results
from Design, Development and Usability Testing) and were found to be universal irrespective

of geographical location.

Information attributes that influence clinical decision-making can be categorised as disease
state management, drug or patient information. Disease state management information
included pharmacological and non-pharmacological treatment options, associated level and
evidence of efficacy, recommended implementation strategy and drug and disease targets.
Drug information included drug class, allergy class, formulation type and interactions with
diseases, other drugs, events such as stroke or myocardial infarction, monitoring tests and
population type. Pharmacokinetic or pharmacodynamic changes due to liver or kidney
dysfunction, gene polymorphism or race were also influenced drug choice, as well as local
availability and affordability. Patient information to consider encompassed medical,
functional, social and miscellaneous factors. Current and past medical history included
pharmacological or non-pharmacological treatments, events, comorbidities, allergies, adverse
drug reactions and liver and kidney function status. Functional and social factors included
dexterity, issues with swallowing, activities of daily living, independent activities of daily living
and mini mental-state exam score, frailty status, skin integrity and eligibility for local drug
subsidy. Miscellaneous patient factors include life expectancy, smoking status, genetic
polymorphism, race, gender, fertility status in women (prepubescent, fertile, pregnancy,

breastfeeding, premenopausal, menopausal) and monitoring results.

CDSS features that were associated with success and improved clinical efficacy and efficiency
of health care delivery included integration into local EHR, use human-computer interaction
techniques during user interface design and good workflow integration including

documentation of action or inaction. Good workflow integration can be achieved by using

182



Chapter 7: Summary, Future Directions and Conclusion

potential users during the development and evaluation process. CDSS capabilities that were
associated with success involved provision of patient relevant recommendations and
identification of all important issues with pharmacological treatment without contributing to
alert fatigue. In order to maintain clinical autonomy, evidence based, locally relevant
recommendations should be provided with rationale and associated evidence. These results
echo findings in the first phase of this research (Chapter 3: Resources for disease state

management — what do health professionals want?).

A prototype CDSS, MedManAGE, was developed to deliver required information to guide
complex patient management based on the identified features for success and information
required by HPs during clinical decision making (Chapter 4: Ingredients of a Successful Clinical
Decision Support System: Results from Design, Development and Usability Testing and
Chapter 5: Developing the Business Rule Engine). Simulated patients were used to evaluate
the system’s business rule engine (Chapter 5: Developing the Business Rule Engine). Database
guery results confirmed the face validity of the business rule engine; however it was
discovered that incorrect information was being displayed on the user-interface. On the

advice of a senior programmer the system was recoded to rectify these issues.

Usability evaluation of the prototype system was conducted in three stages, providing both
qualitative and quantitative feedback regarding system usability and perceived potential
usefulness (Chapter 4: Ingredients of a Successful Clinical Decision Support System: Results
from Design, Development and Usability Testing and Chapter 6: Provision of patient relevant
information during complex clinical decision making: Usability evaluation). These stages
helped identify whether the prototype met HP information needs during clinical decision

making in complex patients.

Think out aloud protocol (Chapter 4: Ingredients of a Successful Clinical Decision Support
System: Results from Design, Development and Usability Testing) suggested that the original
prototype system was generally useful and informative, despite minor interface issues.
Participant comments reflected results from other studies regarding system usability
evaluations: use of colour to guide the user, clear headings and labels indicating page or
active button purpose, intuitive placement of active buttons, use of drop down lists for short
lists and auto-complete boxes for long lists were all identified as features that improved
system usability. The interface that was the least intuitive was the “choose disease state
guideline” page. This was most likely due to the novelty of this page, as no other system that

could be identified requires the user to choose the management guideline that will provide
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the decision support. Once explained, participants were able to navigate around the page.

Findings from this study were incorporated into the new prototype during system recoding.

A modified computer system usability questionnaire (mCSUQ) was used to evaluate the
improved system usability after demonstration to participants (Chapter 6: Provision of patient
relevant information during complex clinical decision making: Usability evaluation). The
guestionnaire was validated showing good internal consistency and congruent validity and
could be used by other researchers assessing system usability in a demonstration or indirect

evaluation environment.

The prototype system scored well on all domains of usability: overall usability 5.05 (SD 1.07),
system usefulness 5.06 (SD 1.11), information quality 5.09 (SD 1.09) and interface quality 4.84
(SD 1.24). Unsurprisingly, as the prototype interface was incomplete and lacked colour,
interface quality had the lowest score. The question “the interface of MedManAGE is
pleasant” scored the lowest (mean 4.78, SD 1.38) and “it would be easy to learn to use
MedManAGE” scored the highest of all questions (mean 5.55, SD 1.17) suggesting the lack of
colour and embellishments were major determinants for interface dissatisfaction, rather than
interface clarity. In addition, qualitative feedback from the questionnaire and focus group
suggested that participants felt that the interface was clear and simple to follow. The
information quality domain scored the highest indicating that participants were most satisfied
with the quality of information given. Qualitative feedback indicated that participants liked

the patient relevance and comprehensiveness of the information provided by the system.

Suggestions for improvements gathered from qualitative feedback included functionality
changes such as addition of hyperlinks to references and a forward or back button and
interface changes such as the addition of colour to highlight important information.
Additional information requirements included information on medication review,
comprehensive deprescribing guidance and additional statistical data regarding therapy

efficacy.

Aspects impacting wiliness to use CDSS were integration with EHR and use of high quality
data in the knowledge base. A major barrier to CDSS use beyond the scope of the system
itself was access to accurate and complete patient data. These results are consistent with
findings from Chapter 3: Resources for disease state management — what do health
professionals want? and Chapter 4: Ingredients of a Successful Clinical Decision Support

System: Results from Design, Development and Usability Testing.
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8.2 Strengths and Limitations

This research has investigated important barriers and facilitators to disease state
management information communication to HPs caring for complex patients, such as the
aged. It has resulted in the development and usability testing of a new framework for
delivering patient relevant information to HPs - MedManAGE. This framework has overcome

many of the previously identified barriers HPs had in sourcing information by:

e Providing a method for data-pooling relevant guidelines into one database for easy
access;

e Identifying guidelines as appropriate to a given patient through the use of a
descriptor;

e Maintaining clinical autonomy by allowing HPs to choose the guideline most
appropriate to their patient as the basis of the system’s decision support and to make
the ultimate decision regarding treatment options;

e Providing information on non-pharmacological treatment options;

e Providing information on pharmacological treatment and identifying any potential
patient-relevant issues that may occur if it were prescribed; and

e Identifying of potential drug precipitators of disease or symptom and how to

deprescribe the offending pharmacological agent.

In addition, this research has identified what information is needed to provide useful
guidance to HPs regarding treatment options for their patients; namely patient, drug and
disease information. This can be used to inform other systems such as EHR, computer
physician order entry systems and other CDSS. Furthermore it has validated a modified CSUQ

that can be used to evaluate usability in indirect evaluation settings such as demonstrations.

Initial interviews were only able to recruit one GP; feedback from practices indicated that lack
of remuneration for their time was the primary reason for lack of participation, which is
disappointing and limited available information from a large potential-user group. Initial
coding of MedManAGE was done by a student programmer, in line with Monash University’s
collaborative policies; however, this constrained the time and skill available. Although the
system was subsequently recoded by a senior programmer, not all the decision algorithms
were in place at the time of usability testing, which may have adversely affected results from

the questionnaire and focus group.
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Due to repeated recruitment failure for online testing, a group demonstration option was
chosen. Ideally participants should use the system themselves in order to judge its usability.
Using a demonstration meant that participants could not get an accurate impression of how
the system functions or how to interact with it and they may have misinterpreted the
usefulness of the system information presentation. Despite the limitations of using a
demonstration, results were strengthened by a large questionnaire feedback sample that was
in agreement with qualitative feedback from initial talk-out-aloud usability testing, where
participants were able to directly interact with the system, and subsequent focus group

feedback.

8.3 Future Directions

Initial findings suggest that this new framework for patient relevant information delivery is
considered useful and informative by HPs. This system was developed targeting complex
patients such as the aged; by addressing complex patients this system is also able to provide

useful information during clinical decision making in uncomplicated patients.

The prototype system included limited disease states and associated drug and management
information. Future work will involve expanding this knowledge. In addition it will involve
completion of system coding with a colour interface, implementation of additional features
identified during usability evaluation and expansion of system capabilities by developing
comprehensive medication review and deprescribing abilities. Aspects not currently
implemented in the current system, which were identified as important to CDSS success,
including a robust referencing system with hyperlinks and integration with EHR, should also

be developed.

Use of templates for addition of disease state management and drug monograph information
to system knowledge have not been tested, as working templates were not coded as part of
the system prototype. The usability of these templates and accuracy of completion needs to
be evaluated. In addition, medical terms can be added to the system and associations
between terms established using artificial intelligence to overcome issues associated with

integration with EHR and inconsistent medical terminology use.

Finally, recruitment failure for early system development usability evaluation suggests that
HPs may not believe that their feedback is of value. Awareness should be raised among HPs
that their involvement with health information technology development throughout all

stages would greatly improve their usability and usefulness.
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8.4 Conclusion

This research has identified HPs’ information needs when delivering healthcare to complex
patients and subsequently developed a new system for information delivery designed to
meet those needs. The system developed, MedManAGE, although only a prototype, has
addressed many of the shortcomings of other CDSS and has the potential to change the way
in which disease state information is delivered to HPs. It sets up a new framework for health
care information delivery to HPs while maintaining clinical autonomy and provides a standard
mechanism for storing drug monographs and disease state management information tailored
to specific population groups. The system makes efficient use of stored information to
provide patient-relevant recommendations. Use of a business rule engine with built in
universally-applicable algorithms means that this framework is applicable globally; only

knowledge changes are required to suit the local environment.

Although further development and testing is required, this framework for information
delivery has been deemed both useful and usable and has the potential to improve the
quality of prescribing in complex patients by providing HPs with high-quality patient-relevant
information during clinical decision making while maintaining clinical autonomy. Evaluation
showed that this method of information delivery was acceptable to HPs and addressed

previously unmet information and management needs for complex patients.
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Appendix 1: Monash University Human Research Ethics Committee Approval Letter (Chapter 3)

% MONASH University

Maonash University Human Ressarch Ethics Committes [MUHREC)
Reseanch OfMce

Human Ethics Certificate of Approval

Date: 20 June 2011
Project Mumber: CFI1H&62 — 2011 000914
Title: The need for Medication use improvement in the elderly

Chief Investigator: Assoc Prof Jennifer Marriott

Approved: From: 20 June 2011 To: 20 June 26

Tarms of approval

1. The Chisf Investigator |5 responsible for enswring that pemission letters are obtained, If relevant, and a copy
forwarded bo MUHREC before any data colecion can ocour at the speciled organisation. Fallure to provide
permizzion letiers to MUHREC before data collaction commencas ks In breach of the Natlonal Statement on
Ethical Conduct in Human Ressarch and the Australlan Code Tor the Responsible Cenduct of Research.

2. Approval ks only valld whilst you hoid a position a1 Monash Univessity.

3. Itls the responsibiity of the Chief Investigator to ensine that all iInvestigators are aware of tha terms of approval
and to ensure the project Is conducied as approved by MUHREC.

4. You shoud notfy MUHREC Immediately of any serious of unexpected adverse effects on parficipanis o
unfaresaen avenis aMacing the ethical accaptadiify of the project.

5. The Expianatory Statement must be on Monash University letierhead and the Monash University complaints ciawse
miLest contain your project number.

&. Amendments to the approved project (Including changes In personnel): Reguines the submission of a
Request for Amendment form t© MUHREC and must not begin wihout written approval from MUHREC.
Substantial vanations may require 3 new application.

7. Fufure cormrespondence: Please guoie the project number and project e above In any further comaspondence.

8. Annual reports: Continued approval of Mis project Is dependent on the submission of an Annual Report. This ks
determined by the date of your letter of approval.

9. Final report: A Final Report should be provided at the conciuslon of the project. MUHREC should be notflled I the
project Is discontinuad bafore the expectad date of completion.

10. Monoring: Projects may e subject to an audit or any other form of monionng by MUHREC at any time.

11. Retentlon and storage of data: The Chief Investigator |s responsible for the storage and retention of orginal data
periaining to 3 project for 3 minimum period of five years.

Professor Ben Canny
Chair, MUHREC

co: Prof Peteris Darzins, Ms Paulina Stehlik

Fostal - Monash Universky, Vic 3500, Australis

Bullding 3=, Room 111, Clayton Campus, Welingion Road, Clayton

Telephone +51 3 5305 5430 Facumie <51 3 3305 3831

Email muhrecfimonash.edu wws. monash.eduresearchisthicshumanindashimi
ASN 12 377 694 012 CRICOS Provider 000080
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Appendix 2: Monash University Human Research Ethics Committee Amendment Approval Letter (Chapter 3)

From: MRO Human Ethics Team [mailto:muhrec@manash.edu]

Sent: Monday, September 19, 2011 11:05 AM

Tio: Jennifer Marmiott

Subject: CF11/1662 — 2011000914: The need for medication use improvement in the aldery

PLEASE NOTE: To ensure speedy turnaround tme, this correspondence 15 being sent by
email oply. MUHREC wall endeavour to copy all imvestigators on comrespondence relating to
this project, but it 1s the responsibality of the first-named imvestigator to ensure that their co-
mveshigators are aware of the content of the comespondence.

Diear Researchers
Thank you for submithng a Request for Amendment to the above named project.

Thas 15 to advize that the following amendments havve been approved and the project can
proceed according to your approval gven on 20 fune 201 1:

1 Becrmtment of GPs and Accredited pharmacists in accordance with the procedures, letters,
explanatory statements and consent forms provided to the Committes by the researchers.

Thank you for keeping the Committes mformed.

Professor Ben Canny
Chair, MUHREC

Human Ethies - Monash Research Office
Bulding 3E, Foom 111

Monash University, Clavton 3800

Phone: 9905 5490

emal: mubrec@monazh edu

bt wwrw monash edu auresearchoffice human/

Thas e-mznl (inchidmg all attachments) 1= mtended for the named recipent only. It may
contam Personal, Sencitive or Health information and mmst be treated mn accordance with the
Information Povacy Act (Vic) 2000 and the Health Becords Act (Vic) 2001, If you recenve
thi= e-mail 1o ervor, please mform the Monash Unmversity Human Research Ethies Commuties
(MUHREC) by reply e-mail. do not use, store, disclose or copy this e-mail {includng
attachments), delete the e-mail (and attachments) from vour system and destrov any copies.
E-mails may be inferfered with, may contain computer viruses or other defects. MUHEEC
Fives no warrantes m relafion to these matters. If vou have any doubts about the authennieiny
of an e-ma1l purportedly sent by MUHREC, please contact us mmmediately.
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Appendix 3: Interview Consent Form (Chapter 3)

Consent Form

Title: The need for Medication use improvement in the elderly

NOTE: This consent form will remain with the Monash University researcher for their records

| agree to take part in the Monash University research project spedcfiedabove. |have had the project
explained to me, and | have read the Explanatory Statement, which | keep for my records. |
understand that agreeing to take part means that:

1. lagreeto be interviewed by the researcher O ves O Mo
2. |agreetoallowtheinterviewto be audio-taped O es O Mo
3. | agree to make myselfavailablefora further interviewif required [ “ves O Mo

| understand that | will be given atranscript of data concerningmefor my approval beforeitis
included inthewrite up of the research.

| understand that my participationis voluntary, that| can choosenotto participate in part or all ofthe
project, and that | can withdraw from the project without being penalised or disadvantagedin any way,
however youwill only be able to withdraw data prior to your approval ofthe interview transcript /prior
to the publication of a report ofthe project.

| understand that any data thatthe researcher extracts from the interview foruse in reports or
published findingswill not, under any circumstances, containnames oridentifying characteristics.

Participant’'s mame

Signature

Date
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Appendix 4: Interview Explanatory Statement: Geriatricians (Chapter 3)

MONASH University

3062011 g fl 'ﬁ

Explanatory Statement — Geriatrician Interviews
Title: The need for Medication use improvement in the elderly
This information sheet is for you to keep.

My name is Paulina Stehlik and | am conducting a research project with Dr Jennifer Marriott, an Associate
Professor at the Faculty of Pharmacy and Pharmaceutical Sciences at Monash University and Professor PEteris
Darzini, a Professor of Geriatric Medicine at Monash University, towards a PhD at Monash University. This means
that | will be writing thesis.

You are invited to take part in this study. Please read this Explanatory Statement in full before making a decision.

Why did you choose this particular person/group as participants?
We are seeking the views of genatricians as they are most responsible for the care of elderly people. You have been
given this information by a colleague who believes you may be able to contribute your expertise to this project.

The aim/purpose of the research
The aim of this study is to elicit the opinions and preferences of practicing geriatricians with regard to the format of
potential clinical practice guidelines that are to be used in assisting appropriate prescribing in the geriatric patient.

Possible benefits

Inappropriate prescribing in geriatric patients is a growing issue in Australia and globally. This project seeks to develop
valid and usable guidelines in order to assist practitioners in making informed choices about appropriate medication
use in their geriatric patients. In order for this to be successful, practiioners need to be accepting of these guidelines
and need to find them of value. The opinions and preferences gathered in this study will assist in formulating clinical
guidelines that meet the needs of prescribers.

What does the research involve?
The study invelves an interview, which will be audic recorded, asking your views on the usability of proposed guideline
format and seeking your opinion of possible altemative formats.

How much time will the research take?
The interview should take approximately one hour.

Inconvenienceldiscomfort

There ig little to no risk of potential discomfort that could be caused by this study. Interviews will take place at a time
and location of your choice. Your details will not be published and will be kept confidential, only the researchers will be
able to access any of your details for the purposes of this study.

Can | withdraw from the research?

Being in this study is voluntary and you are under no obligation to consent to participation. However, if you do
consent to participate, you may withdraw from further participation at any stage but you will only be able to withdraw
data pricr to your approval of the interview transcript iprior to the publication of a report of the project.

Confidentiality

Transcripts and audio files will only be accessed by the researchers. Participants will not be named or able to be
identified in any publication arising from this research.

Storage of data

Data collected will be stored in accordance with Monash University regulations, kept on University premises, in a
locked filing cakinet for 5 years. A report of the study may be submitted for publication, but individual participants will
not be identifiable in such a report.
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Results

If you would like to be informed of the aggregate research finding, please contact Paulina Stehlik on (03)9903 9025

or email Paulina. 5tehliki@monash.edu.

If you would like to contact the researchers about any
aspect of this study, please contact the Chief
Investigator:

Ifyou have a complaint conceming the mannerin
which this research <insertyour projectnumber
here> is being conducted, please contact:

Associate Professor Jennifer Mamiott

Director, Bachelor of Pharmacy Course
Faculty of Pharmacy and Pharmaceutical
Sciences

Monash University

321 Royal Parade

Parkville 3052

Telephone: (03) 9903 9533

Fax: (03} 5903 85629

Email: jennifer.marrictti@monash.edu

Executive Officer

Monash University Human Research Ethics
Committee (MUHREC)

Building 3e Room 111

Research Office

Monash University VIC 3800

Tel: +61 29905 2052 Fax:+613 9505 3831
Email: muhrec@dmaonash.edu

Thankyou.

Paulina Stehlik

Faculty of Phamacy and Phamaceutical Sciences
Monash University

381 Royal Parade

Parkville 3052

Telephone: (0339903 9025

Email: Paulina. Stehliki@monash.edu
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Dear

This is just a follow up email regarding to your invitation to participate interview | am
conducting as part of my PhD project. If you are interested please feel free to contact me via

_ to organise a time as | am hoping to conclude interviews by

mid-September. | have attached the explanatory statement and consent form.

If you are unable or unwilling to participate please let me know and also give a reason why
you are unable to participate (e.g. too busy, uninterested, etc.) so that | can cease

communication.

Kind Regards
Paulina Stehlik

Paulina Stehlik

PhD candidate, B.Pharm (Hons)

Faculty of Pharmacy and Pharmaceutical Sciences
Monash University

381 Royal Parade

Parkville 3052
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Appendix 6: Interview Explanatory Statement: GPs (Chapter 3)

MONASH Univer:
2410852011

Explanatory Statement — General Practitioner Interviews
Title: The need for Medication use improvementin the elderly

This information sheet is for you to keep.

My name is Paulina Stehlik and | am conducting a research project with Dr Jennifer Mamiott, an Associate
Professorat the Faculty of Phamnacy and Phamaceutical Sciences at Monash University and Professor Pétens
D&rzins, a Professor of Geratric Medicine at Monash University, towards a PhD st Monash University. This means
that | will be wrting thesis.

“fou are invited to take part in this study. Please read this Explanatory Statement in full before making & decision.

Why did you choose this particular person/group as participants 7

We are seeking the views of genersl practitioners as they are most responsible forthe care of elderdy people. You
hawe been given this information by a colleague who believes you may be able to contrbute yourexpertise to this
project.

The aim/purpose of the research

The gim of this study is to elicit the opinions and preferences of practicing general practitioners with regard to the
format of potential clinical practice guidelines that are to be used in assisting appropriate prescribing in the genatnc
patient.

Possible benefits

Inappropnate prescnbing in genatrc patients is a growing issue in Australia and globally. This project seeks to develop
valid and usable guidelines in orderto assist practitioners in making informed choices sbout appropriate medication
use in theirgenatric patients. In order for this to be successful, practitioners need to be accepting of these guidelines
end need to find them of value. The opinions and preferences gathered in this study will assist in formulating clinical
guidelines that meet the needs of prescrbers.

What does the researchinvolve?
The study inwolves an interview, which will be audio recorded, asking yourwviews on the usabilty of proposed guideline

formet and seeking youropinion of possible altemative formats.

How much fime will the researchtake?
The interview should take approximately one hour.

Inzonvenience/discomfort

There is fittle to no risk of potentisl discomfort thet could be caused by this study. Interviews will take place at 8 time
and location of yourchoice. Yourdetsils will not be published and will be kept confidentisl, only the researchers will ba
able to access any of your detsils forthe purposes of this study.

Can | withdraw from the research?

Being in this study is woluntary and you are underno obligation to consent to participation. However, if you do
consent to paricipate, you may withdraw from further paricipation at any stage but you will only be able to withdraw
dats prior to yourspproval of the interview transcript /prior to the publicetion of s report of the project.

Confidentiality

Transcripts and sudio files will only be accessed by the researchers. Paricipants will not be named or able to be
identified in any publication ansing from this research.

Storage of data

Diata collected will be stored in accordance with Monash University regulations, kept on University premises, in a
locked filing cabinet for5 years. A repor of the study may be submitted for publication, but individual participants will
not be identifiable in such a report.
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Results

If you would like to be informed of the sggregete research finding, please contact Paulina Stehlik on (D3) 9903 9025

or email Paulina. 5tehliki@monash.edu.

If you would like to contact the researchers about any
sspect of this study, please contact the Chief
Investigator:

If you have a complaint conceming the mannerin
which this research <insertyour projectnumber
here> is being conducted, please contact:

Associate Professor Jennifer Mamiott

Director, Bachelor of Pharmacy Course
Faculty of Pharmacy and Pharmaceutical
Sciences

Monash University

381 Royal Parade

Parkville 2052

Telephone: (02) 98903 9533

Fax: [D3) 9903 D620

Email: jennifer.marrictti@monash.edu

Executive Officer

Monash University Human Research Ethics
Committee (MUHRELC)

Building e Room 111

Research Office

Monash University VIC 3800

Tel: +61 29505 2052 Fax: +6132 9905 3821
Email: muhrec@maonash.edu

Thank you.

Paulina Stehlik

Faculty of Phamacy and Phamaceutical Sciences
Monash University

381 Royal Parade

Parkville 3052

Telephone: (03)9903 9025

Ermail: Paulina. 5tehliki@monash.edu
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Dear

My name is Paulina Stehlik and I am currently doing my PhD with a focus on geriatric

medication management; this email was passed on to be by Jess from your admin office.

| wish to get a GP perspective on what resources they use when coming to a therapeutic

decision concerning geriatric patients, and what they think makes a resource useful.

Eventually | hope to make a guideline/tool to assist in medication management in the elderly.

| wish to invite GP’s in this division to participate in a one-off 1 hour interview, which can be

conducted at a time and place of their convenience. If possible, could you send out the
attached invite to the GPs in this division. If not, please let me know; any accompanying

reasons would be much appreciated.

If you have any queries please feel free to contact me.

Kind regards,

Paulina Stehlik

Paulina Stehlik

PhD candidate, B.Pharm (Hons)

Faculty of Pharmacy and Pharmaceutical Sciences
Monash University

381 Royal Parade

Parkville 3052
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Dear General Practitioner

My name is Paulina Stehlik and | am currently doing my PhD at Monash University with a
focus on geriatric medication management; my primary aim is to formulate a new Australian
focused user-friendly guideline for appropriate medication use in the elderly.

| wish to conduct face-to-face interviews with 10-20 GPs such yourself in order to give me an
insight into:

e What resources you use when choosing an appropriate medication for your geriatric
patients

e If you feel that the currently available resources and guidelines are appropriate and
fulfil your prescribing needs

e What you feel makes a user friendly guideline and the type of information that should
be included

e If you feel that the formats that | have proposed are appropriate and in what ways
they could be improved

As GPs play an important role in geriatric care your thoughts and views are important.

The interview should take approximately 1 hour and will be conducted at a time and place of
your convenience. | hope to complete these interviews by the end of March 2012.
Information gathered from these interviews will be used as the basis for the format of my

guideline.

If you wish to participate please contact me via email_
_ and | will be able to send you an explanatory statement and answer any

other questions you may have.

Looking forward to hearing from you

Yours sincerely

Paulina Stehlik ©

Paulina Stehlik

PhD candidate, B.Pharm (Hons)

Faculty of Pharmacy and Pharmaceutical Sciences

Monash University
381 Royal Parade
Parkville 3052
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To whom it may concern,

My name is Paulina Stehlik and | am doing my PhD at Monash University with a focus on geriatric
medication management. | wish to invite accredited pharmacists to participate in phase 1 of my

project. Could you please publish the attached flyer your next fortnightly e-newsletter.

Kind Regards

Paulina Stehlik

Paulina Stehlik

PhD candidate, B.Pharm (Hons)

Faculty of Pharmacy and Pharmaceutical Sciences
Monash University

381 Royal Parade

Parkville 3052
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Appendix 10: Interview Explanatory Statement: Accredited Pharmacists (Chapter 3)

MONASH University

24/08/12011

Explanatory Statement — Pharmacist Interviews
Title: The need for Medication use improvement in the elderly
This information sheet is for you to keep.

My name is Paulina Stehlik and | am conducting a research project with Dr Jennifer Marriott, an Associate
Professor at the Faculty of Phamacy and Pharmaceutical Sciences at Monash University and Professor Peteris
Darzins, a Professor of Geratric Medicine at Monash University, towards a PhD at Monash University. This means
that | will be writing thesis.

You are invited to take part in this study. Please read this Explanatory Statement in full before making a decision.

Why did you choose this particular person/group as participants?
We are seeking the views of pharmacists as they are highly involved in the care of elderly people. You have been
given this information by a colleague who believes you may be able to contribute your expertise to this project.

The aim/purpose of the research
The aim of this study is to elicit the opinions and preferences of practicing pharmacists with regard to the format of
potential clinical practice guidelines that are to be used in assisting appropriate prescribing in the geriatric patient.

Possible benefits

Inappropriate prescribing in geratric patients is a growing issue in Ausfralia and globally. This project seeks to develop
valid and usable guidelines in order to assist practitioners in making informed cheices about appropriate medication
use in their geriafric patients. In order for this to be successful, practifioners need to be accepting of these guidelines
and need to find them of value. The opinions and preferences gathered in this study will assist in formulating clinical
guidelines that meet the needs of prescribers.

What does the research involve?

The study involves an interview, which will be audio recorded, asking your views on the usability of proposed guideline
format and seeking your opinion of pessible alternative formats.

How much time will the research take?
The interview should take approximately one hour.

Inconvenience/discomfort

There is little to no risk of potential discomfort that could be caused by this study. Interviews will take place at a time
and location of your choice. Your details will not be published and will be kept confidential, only the researchers will be
able to access any of your details for the purposes of this study.

Can | withdraw from the research?

Being in this study is voluntary and you are under no obligation to consent to participation. However, if you do
consent to pariicipate, you may withdraw from further paricipation at any stage but you will only be able to withdraw
data prior to your approval of the interview transcript /prior to the publication of a report of the project.

Confidentiality

Transcripts and audio files will only be accessed by the researchers. Participants will not be named or able to be
identified in any publication arising from this research.

Storage of data

Data collected will be stored in accordance with Monash University regulations, kept on University premises, in a
locked filing cabinet for 5 years. A report of the study may be submitted for publication, but individual participants will
not be identifiable in such a report.

Results

If you would like to be informed of the aggregate research finding, please contact Paulina Stehlik on (03) 9903 9025
or email Paulina.Stehlik@monash.edu.
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I1f you would like to contact the researchers sboutany
aspect of this study, please contact the Chief
Investigator:

If you have a complaint conceming the mannerin
which this research <insertyour projectnumber
here is being conducted, please contact:

Aszsociate Professor Jennifer Mamiott

Director, Bachelor of Pharmacy Course
Faculty of Pharmacy and Pharmaceutical
Sciences

Monash University

381 Royal Parade

Parkville 3052

Telephone: (03) 9903 9533

Fax: (03) 9503 9629

Email: jennifer.marrictt@monash.edu

Executive Officer

Monash University Human Research Ethics
Committee (MUHREC)

Building e Room 111

Research Office

Monash University VIC 2800

Tel: #61 3 9905 2052 Fax: +613 9905 3831
Email: muhreci@maonash.edu

Thank you.

Paulina Stehlik

Faculty of Phamacy and Phameceutical Sciences
Monash University

381 Royal Parade

Parkville 3052

Telephone: (039903 9025

Emsil: Paulina. 5tehliki@monash.edu
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Accredited Pharmacist participation
required for research study

This is an invitation for accredited pharmacists to participate in an exploratory interview

regarding medication management in the geriatric patient.

Paulina Stehlik is currently doing a PhD at Monash University Faculty of Pharmacy and
Pharmaceutical Sciences with a focus on geriatric medication management; her primary aim
is to formulate a new Australian focused user-friendly guideline for appropriate medication

use in the elderly.

Paulina wishes to conduct face-to-face interviews with 10-20 Melbourne pharmacists such

yourself in order to give her an insight into:

e What resources you use when choosing an appropriate medication for your geriatric
patients

e If you feel that the currently available resources and guidelines are appropriate and
fulfil your therapeutic decision making needs

e What you feel makes a user friendly guideline and the type of information that should
be included

e If you feel that the formats that she has proposed are appropriate and in what ways
they could be improved
As pharmacists play an important role in geriatric care your thoughts and views are

important.

These interviews should take approximately 1 hour and will be conducted at a time and place
of your convenience. Paulina hopes to complete these interviews by the end of October or
mid November 2011. Information gathered from these interviews will be used as the basis for

the format of her guideline.

If you wish to participate please contact Paulina via email_
_and she will be able to send you an explanatory statement and answer

any other questions you may have.

203



Appendices

Accredited Pharmacist participation
required for research study

My name is Paulina Stehlik and | am currently doing my PhD at Monash University with a
focus on geriatric medication management; my primary aim is to formulate a new Australian
focused user-friendly guideline for appropriate medication use in the elderly.

| wish to conduct face-to-face interviews with 10-20 Melbourne pharmacists such yourself in
order to give me an insight into:

e What resources you use when choosing an appropriate medication for your geriatric
patients

e If you feel that the currently available resources and guidelines are appropriate and
fulfil your prescribing needs

e What you feel makes a user friendly guideline and the type of information that should
be included

e If you feel that the formats that | have proposed are appropriate and in what ways
they could be improved
As pharmacists play an important role in geriatric care your thoughts and views are

important.

These interviews should take approximately 1 hour and will be conducted at a time and place
of your convenience. | hope to complete these interviews by the end of October 2011.
Information gathered from these interviews will be used as the basis for the format of my
guideline.

If you wish to participate or find out more please contact me via email

Yours sincerely

Paulina Stehlik ©

Paulina Stehlik
PhD candidate, B.Pharm (Hons)
Faculty of Pharmacy and Pharmaceutical Sciences

Monash University
381 Royal Parade
Parkville 3052
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What sorts of issues do you think are most important to consider when it comes to
prescribing for the geriatric population?

Do you find it difficult choosing an appropriate drug therapy for an elderly (aged >75yrs
old) patient?

a. What do you aspects do you find difficult when choosing a drug therapy for an
elderly patient?

Do you use any resources when trying to determine if a medication is appropriate for an
elderly patient?

a. |If you use aresource/s, which one/s and why? (e.g. Primary literature,
pharmacist, other health care professionals, hospital protocols, guidelines,
reference books etc...)

Do you know of, or use, any clinical guidelines specifically tailored to appropriate
prescribing in the elderly patient?

a. Ifyes, do you think these guidelines are appropriate for the Australian elderly
patients?

b. Do you feel that these guidelines are adequate enough to meet your needs as a
prescriber?

Of the clinical guidelines that you know of or use, what do you think are positive and
negative aspects of these guidelines?

If new clinical guidelines were formulated, what are the features you think are important
to include? For example: level of evidence of recommendations?

We have formulated two different proposed formats for presenting our guidelines. Of
these two, do you have a preference of either one? Would you like something different
from either of these?

a. Which aspects do you like?

b. Which aspects would you change?

What disease topics do you think are most important to cover in a geriatric guideline?
Are there any additional comments you would like to add?
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1. What sorts of issues do you think are most important to consider when it comes to
prescribing for the geriatric population?

2. Do you find it difficult choosing an appropriate drug therapy for an elderly (aged >75yrs
old) patient?

a. What do you aspects do you find difficult when choosing a drug therapy for an
elderly patient?

3. How do you manage the following?

a. Post hospital admission — are there any follow up procedures that you follow?
Are there any problems with communication between the hospital and yourself?

b. Non-adherence. How do you identify potential non-adherence?

¢. Adverse effects? How do you monitor for adverse effect especially when initiating
a new medication? How are these adverse effects managed?

d. Polypharmacy? When do you cease medications? Do you feel there are
difficulties in ceasing medications?

4. Do you use any resources when trying to determine if a medication is appropriate for an
elderly patient?

a. |If you use aresource/s, which one/s and why? (e.g. Primary literature,
pharmacist, other health care professionals, hospital protocols, guidelines,
reference books etc...)

5. What clinical guidelines do you know of, or use, that are specifically tailored to
appropriate prescribing in the elderly patient?

a. Ifyes, do you think these guidelines are appropriate for the Australian elderly
patients?

b. Do you feel that these guidelines are adequate enough to meet your needs as a
prescriber?

6. Of the clinical guidelines that you know of or use, what do you think are positive and
negative aspects of these guidelines?

7. If new clinical guidelines were formulated, what are the features you think are important
to include? For example: level of evidence of recommendations?

8. We have formulated two different proposed formats for presenting our guidelines. Of
these two, do you have a preference of either one? Would you like something different
from either of these?

a. Which aspects do you like?

b. Which aspects would you change?

9. In what format would you be most likely to use a resource —i.e. web based, iPhone/iPad
application or similar, computer program, hard copy?

10. What disease topics do you think are most important to cover in a geriatric guideline?

11. Are there any additional comments you would like to add?
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What sorts of issues do you think are most important to consider when it comes to
making a therapeutic decision for the geriatric

Do you find it difficult trying to make an appropriate drug therapy recommendation for
an elderly (aged >75yrs old) patient?

a. What do you aspects do you find difficult when trying to make a drug therapy
recommendation for an elderly patient?

What sorts of recommendations do you make, or how to you manage, the following:

a. Non-adherence? What methods do you use to identify potentially non-adherent
patients?

b. Adverse effects? How do you monitor for or identify potential adverse effects?

¢c. How do you manage poly pharmacy? Do you feel there are difficulties in ceasing
medications?

d. If you recommend ceasing medications, what resources do you use in
recommending a ceasing-medication schedule?

Do you use any resources when trying to determine if a medication is appropriate for an
elderly patient?

a. |If you use aresource/s, which one/s and why? (e.g. Primary literature,
pharmacist, other health care professionals, hospital protocols, guidelines,
reference books etc...)

What clinical guidelines do you know of, or use, that are specifically tailored to
appropriate prescribing in the elderly patient?

a. Ifyes, do you think these guidelines are appropriate for the Australian elderly
patients?

b. Do you feel that these guidelines are adequate enough to meet your needs as a
pharmacist?

Of the clinical guidelines that you know of or use, what do you think are positive and
negative aspects of these guidelines?

If new clinical guidelines were formulated, what are the features you think are important
to include? For example: level of evidence of recommendations?

We have formulated two different proposed formats for presenting our guidelines. Of
these two, do you have a preference of either one? Would you like something different
from either of these?

a. Which aspects do you like?

b. Which aspects would you change?

In what format would you be most likely to use a resource —i.e. web based, iPhone/iPad
application or similar, computer program, hard copy?

10. What disease topics do you think are most important to cover in a geriatric guideline?
11. Are there any additional comments you would like to add?
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Appendix 16: Guideline Format - Option 1 (Chapter 3)

Potentially Inappropriate Medications

Recommendation Evidence for recommendation Deprescribing Evidence for deprescribing
Reference Grade Clinical Process When to re- Reference Grade
significance initiate
What drug and/or dose shouldn’t [ref] Level Expert How to actually What signs [ref] Level according
be used — try to specify in what according | opinion or | reduce the dose | and/or to GradePRO
situation it would or would not be to according safely symptoms
appropriate GradePRO | tothe indicate that
literature. therapy should
e.g. Do not use digoxin dose > Which be reinitiated?
125mcg d unless already stabilised source is What could be
and not experiencing any adverse used is used instead of
effects. clearly the PIM(is
stated. there a better
option)?

Potentially Omitted Medications

Recommendation Evidence for recommendation \
Reference Grade Clinical significance
What drug and/or dose should be used — try to specify in what situation it would or would [ref] Level Expert opinion or
not be appropriate according to according to the
GradePRO literature. Which
e.g. Use of warfarin in patients with AF with a CHADS, score 22 aiming for an INR 2-3 who do source is used is
not have a contraindication to anticoagulation clearly stated.
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Appendix 17: Guideline Format - Option 2 (Chapter 3)

Disease to be managed (e.g. AF) Statement of what the disease is and how it presents in elderly patients

Treatment options

Scenario

A specific scenario which describes the patient
situation.

e.g.

Recommendations
A list of drugs for which there is
evidence of use in elderly patients

A list of drug for which there is no
evidence of benefit or for which there
is evidence of harm

Explanatory notes

Why this drug is or is not recommended — these statements are
referenced

The clinical significance of the recommendation is also included —
these statements are referenced.

If it is not recommended, an explanation of how to deprescribe the
drug is included — these statements are referenced

AF with no other complications and < 70 yrs
old

Drug X

Drug X decreases the risk of stroke [ref]
The benefit of using this drug outweighs the risk of harm [ref]

DrugyY

Drug Y has not been shown to decrease the risk of stroke in this
population [ref]

It has been shown to increase the risk of adverse effects in this
population such as .... [ref]

AF with no other complications and > 70 yrs
old

Etc...

Etc...

AF with complications and < 70 yrs old

AF with complications and > 70 yrs old

Reference table:

The references used within each “disease to be managed” section will be at the end of each section.

Reference Evidence level

[1] A statement of the level of evidence is given according to GradePRO program.
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Full detail of disease state guidelines included in the system is on the CD-ROM provided

Type 2 Diabetes

In the presence of:

With no other comorbidities for patients over the age of 65

Non-drug Risk Factors

Risk Factor Description Is the risk factor modifiable? If so, how (brief)?
Diet High fat diet increases the risk Yes | Reduce dietary fat <30% of energy intake
of insulin resistance and T2DM.
(1) Reduce saturated fat to <10% energy intake
High saturated fat intake Consume a low energy diet
increases the risk of insulin
resistance and T2DM. (1) Eat a wide range of food high in dietary fibre and
with low Gl
High glycaemic index (Gl) diet
increases risk of especially
when associated with low
cereal fibre intake.
Exercise Low cardiovascular fitness in Yes | Increase exercise to 3-5 times a week
men increases the risk of IGT e Canreduce DM related mortality
and T2DM. (1)
At least 150mins of exercise per week.(2, 3)
Physical inactivity increases the
risk of IGT and T2DM. (1) Increase resistance training.(2)
Physical activity level can be
measured using: (1)
e Movement recorders —e.g.
pedometer
e (Questionnaires focussing
on leisure time activities
Heart rate monitoring
Obesity The more obese a personis and | Yes | Most adults require ongoing weight loss programs

the longer the duration of
obesity the higher the risk of
T2DM development. (1)

Abdominal obesity is an
important indicator of T2DM
risk(1)

that provide diet, exercise and social support.

e  Weight loss can be achieved during supervised
periods of programs but usually regained in
unsupervised periods — weight should be
monitored at every HP visit

Long term effectiveness requires further
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e This applies to all ethnic
groups; however, grading
systems are primarily
applicable in Europeans
and should be applied to
other ethnicities with
caution

Central fat distribution
predisposes patients to T2DM.

(1)

e  Waist circumference
should be used in
conjunction with BMI and
body weight to identify
people for weight loss

e Europeans 240 years old :
Men >100cm; Women
>90cm

e Lower thresholds for aged
population

e Threshold does not apply
to other ethnicities but
general principals do

Impaired glucose tolerance
and impaired fasting glucose
risk increases especially in
those with central
adiposity.(2, 4, 5)

investigation

Smoking Yes | Advise on risks of smoking.(2)
Offer smoking cessation.
ATSI > 35 yrs | All patients in this category No
old are considered at high risk of
developing T2DM and
should be screened. (2, 4, 5)
Pacific Certain non-English speaking | No
Islanders people >35 years old are at
high risk of developing
T2DM and should be
screened.(2, 4, 5)
Indian Certain non-English speaking | No
subcontinent | people >35 years old are at
high risk of developing
T2DM and should be
screened.(2, 4, 5)
Chinese Certain non-English speaking | No
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origin

people >35 years old are at
high risk of developing
T2DM and should be
screened.(2, 4, 5)

Aged >45 yrs
old

With first degree relative
with T2DM.(2, 4, 5) The net
clinical or economic benefit
of screening this population
for T2DM is yet to be
determined.(4)

With either or both:(4, 5) *

e Obesity (BMI 230)
e Hypertension (HT)
All patients in this category

are considered at high risk of
developing T2DM and
should be screened. (2, 4, 5)

No

Aged > 55
yrs old

The net clinical or economic
benefit of screening this
population for T2DM is yet
to be determined.(2, 4, 5)

No

Impaired
glucose
tolerance

Risk of developing IGT and

IFG include: (2, 4, 5)

e QOver4d0

e QOverweight especially if
central adiposity is
present

e HighBP

e Known CVD

e  Family history of DM

e History of gestational
diabetes

Yes

Control of glucose levels through diet and
exercise

Impaired
fasting
glucose

Risk of developing IGT and

IFG include: (2, 4, 5)

e QOverd0

e Overweight especially if
central adiposity is
present

e High BP

e Known CVD

e  Family history of DM

e History of gestational
diabetes

Yes

Control of glucose levels through diet and
exercise

History of

The net clinical or economic

No
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gestational benefit of screening this
diabetes population for T2DM is yet
to be determined.(2, 4, 52)
Polycycstic In women who are obese(4, | No
Ovary 5)
Syndrome
All patients in this category
are considered at high risk of
developing T2DM and
should be screened. (2, 4, 5)
Presence of | All people with clinical No

clinical CvD

CvD:(2,4,5)*
e Myocardial infarction

e Angina

e Stroke

e Peripheral vascular
disease

All patients in this category
are considered at high risk of
developing T2DM and
should be screened. (2, 4, 5)
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Drug Risk Factors

Drug

Clinical Significance

Causes (Symptom)

Description
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Diagnosis

What is it?

Characterised by insulin resistance.(2)
Other characteristics include:(2)

e Patient is usually middle aged and overweight
e Slow onset

e Strong family history

e Not prone to ketosis

Symptoms

Generally not symptomatic — this means that glucose dysfunction may have been present for years
before detected.
Symptoms of glucosuria:(2)

e Polyuria

e Polydipsia
e Polyphagia
o  Weight loss

e Nocturia

Symptoms of hyperglycaemia:(2)
e Malaise or fatigue
e Altered vision

Lab Measures

Type of sample

e Capillary blood glucose with glucose monitor is ok only if confirmed with venous plasma
measurement.(2)

e Venous plasma glucose measurements are the preferred sample method and should be used
wherever possible to test for undiagnosed T2DM.(4, 6)

e lLaboratory measurement is preferred over a glucose machine measurement.(4)

e Fasting sample is preferred over a random sample; however, a random plasma sample can
be used.(4)

Diagnosis needs to be confirmed on a subsequent day unless unequivocal hyperglycaemia with acute

metabolic depression or obvious symptoms.(2, 4)

Oral glucose tolerance test (OGTT) is not required if unequivocally elevated fasting or random
plasma glucose.(2)

HbA is an appropriate diagnostic tool for diabetes provided that:(7)

e Stringent quality assurance is in place
e Assays are standardised to criteria aligned to international reference values
e No conditions which can affect HbA,. results are present

Aims of Care

Summary

Short term
e Relief of symptoms(2, 5)
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e Relief of acute complications(2)
Long term — overall long term goal is to prevent long term complications(5) by:
e Optimising:(2)
0 Glucose control
0 Dyslipidemia
o BP
e Reduce risk factors(2)
e Identify and treat T2DM complications(2)
e Maintain other preventative activities(2)

Review Process

Baseline and ongoing review(2, 5):

e  Weight (refer to DIETICIAN): BMI; waist circumference

e CVD: BP (standing and lying down); peripheral, neck and abdominal vessels

e Eyes (refer to OPTHAMILIGIST or OPTOMETRIST): visual activity (without correction);
cataracts; retinopathy (examine with pupil dilation)

e Feet (Refer to PODIATRIST): sensation and circulation; skin condition; pressure areas; inter-
digital problems; abnormal bone structure

e Peripheral nerves: tendon reflex; sensation (touch and vibration)

e Urinalysis: albumin; ketones; nitrates and/or leucocytes

e Renal function: plasma creatinine; micro-albuminuria

e Lipids: LDL-C; HDL-C; total cholesterol; triglycerides

e Glycaemia: HbA,

e Other: ECG if > 50 yrs old; microurine if in high risk group; thyroid function text if there is a
family history or clinical suspicion.

Also to be reviewed yearly:(5)

e Management goals
e Smoking status

e Healthy eating plan
e  Physical activity

e Self-care education
e Medications

e Immunisation status

Self-Monitoring Blood Glucose

All patients with T2DM should be recommended self-monitoring of blood glucose (SMBG), the
frequency of which needs to be individualized based on patient needs,(8) physical and cognitive
function.(9)

SMBG may not be required in elderly patients especially in those who:(9)

o Diet-treated T2DM
e Medications which do not cause hypoglycemia
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Symptom Treatment Algorithms

Symptom to be treated Treatment algorithm

Hyperglycaemia
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Non-Drug Treatment

Symptom to be
treated

Non-Drug
Treatment

Details

Hyperglycaemia

Healthy Diet

Reduce dietary fat <30% of energy intake.(1)
Reduce saturated fat to <10% energy intake.(1)
Consume a low energy diet with a wide range of food high in dietary fibre and with low GI.(1)

Fish may have a protective effect in the development of T2DM

e May also decrease TG levels, decrease platelet aggregation and protect against thrombosis in diseased blood vessels if
>5g fish oil per day (2)

Oils to use:(2)
e Monosaturated and seed sourced polyunsaturated fats

0  Will help lower LDL-C
0 E.g. olive oil, canola oil

Use:(2)
o Low fat milk
e Light margarine, especially with plant sterols to help decrease cholesterol absorption
e Low fat ricotta or cottage cheese as an alternative spread
e Lean meat — ask local butcher
Low salt or no added salt foods
Sweeteners instead of sugar
Low alcohol beer (c.f.: diet or ordinary beer)
0 Alcohol intake should be <2 standard drinks or 20g alcohol per day for both men and women

Patient and Practitioner resources
Diabetes Australia — Eating well (10)

Referral to dietician

Hyperglycaemia

Exercise

Increase exercise to 3-5 times a week.(1)
e Canreduce DM related mortality
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At least 150mins of exercise per week.(2, 3) Up to 300mins per week for obese patients with dietary modification to assist
weight control.(3)

Resistance training will:(2)

e Insulin sensitivity

e Decreases insulin levels in people with hyperinsulinaemia
e Improves dyslipidaemia

e Decreases blood pressure (BP)

Increased physical activity in the aged can benefit them by:(3)
e Improving conditioning, strength, flexibility and overall fitness level
e Improving mobility
e Reducing risk of:
o CVD
Thromboembolic stroke
HT
T2DM
opP
Obesity
Colon cancer
Breast cancer
Anxiety
Depression
0 Cognitive decline
e Reducing falls risk and associated injuries

O O0OO0OO0OO0OO0OO0OO0OOo

Exercise can be split up into four categories:(3)
1. Aerobic exercise
0 Involves the use of large muscle groups (e.g. brisk walk, swimming, etc.) in addition to normal activities of daily
living
0 Recommendation (minimum requirement):
= 30mins moderate intensity 5 times a week
= 20mins vigorous intensity 3 times a week
0 Patients with chronic diseases may not be able to achieve this; maximally achievable physical activity that does
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not cause harm is recommended.
0 Intensity effort should be based on a “relative” scale due to large range of individual functional capacity.
2. Muscle strengthening
0 Activities that maintain or increase muscle strength ( e.g. weight and resistance training, etc...)
0 Recommendation (minimum requirement):
= 2 non consecutive days a week
= Target 8-10 muscle groups
= Strive for 10-15 repetitions of each exercise at moderate-high intensity and slowly increase over time
3. Flexibility
0 Paramount to achieve activities of daily living such as putting on shoes, and turning around to reverse car.
0 Recommendations (minimal requirement):
= At least twice a week for 10mins
= Slowly stretch, without bouncing, and hold for 10-30 seconds
= Best done after aerobic or muscle strengthening exercises
4. Balance
0 Are especially important for patients with a history of falls ( e.g. tai chi, etc...)

OA: (3)

Aerobic exercise that minimises joint stress.
Begin at low intensity and increase slowly.
Avoid during periods of flare-up.

Cognitive Impairment:(3)
Same recommendations apply
May need assistance

OP:(3)

Same recommendations apply; however, more emphasis on strengthening and weight bearing exercises, as well as balance
training.

Consult an exercise specialist if a fracture has occurred to relieve pain and regain mobility

Patient and Practitioner resources
Go4lLife website (U.S. based; aged specific, pictures and video available) http://go4life.nia.nih.gov/about/health-
professionals
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Referral to exercise professional can be claimed under the Enhanced Primary Care Program as part of the Team Care
Arrangement (MBS item number 723).(2)

Hyperglycaemia Smoking Advise on risks of smoking
cessation
Offer smoking cessation
Patient and Practitioner Resources
Quit Website http://www.quit.org.au/
Hyperglycaemia Weight Most adults require ongoing weight loss programs that provide diet, exercise and social support.
loss/control e Weight loss can be achieved during supervised periods of programs but usually regained in unsupervised periods —

weight should be monitored at every HP visit

Long term effectiveness requires further investigation

Aged patients with T2DM can benefit from caloric restriction and increased physical activity with a weight loss of
approximately 5% body weight.(9)

Note: Aged patients are also at risk of under-nutrition which can increase morbidity and mortality.(9) Any weight loss needs
to be assessed during medical nutritional evaluation.(9)

General principles for preventing weight regain after weight loss

e Decrease TV watching time — increased TV watching is positively associated with weight gain
e Consume low energy low fat diet. Exercise is important in preventing weight re-gain

e  Therapist contact may aid with weight maintenance after weight loss

e  Education on diet and exercise may help reduce waist circumference in men for up to 2 years

Patient and Practitioner Resources
Elderly patients should receive medical nutritional evaluation.(9)
Referral to dietician may be warranted.
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Drug Treatment

Symptom to be | Drug Dose Does the dose need to | Duration Rationale for Time to effect Other information
treated be increased? If so, of Treatment
how? treatment
Hyperglycaemia | Metformin 250 mg | YES | Increase slowly | Long Insulin sensitizer. [Number][Units] | Always take immediately after
bd by 500mg per Term (5) food to prevent gastrointestinal
week to a MAX intolerance.
of 1g tds No risk of
hypoglycemia if Ensure adequate renal function
used on own. (5) — see “Metformin information
However, there is sheet”
a risk if used in
combination with Increased risk of lactic acidosis
insulin or in aged as they are more
secretagogues. (5) predisposed to conditions that
decrease renal function or
Helps with weight cause lactic acidosis:(9)
loss. e Myocardial infarction
e Stroke
e Cardiac failure
e Pneumonia
Hyperglycaemia | Metformin XR | 500 mg | YES | Increase slowly | Long Insulin sensitizer. Always take immediately after
evening by 500mg per Term (5) food to prevent gastrointestinal
week to a MAX intolerance.
of 2g daily No risk of
hypoglycemia if Ensure adequate renal function
used on own. (5) — see “Metformin information
However, there is sheet”
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arisk if used in
combination with Increased risk of lactic acidosis
insulin or in aged as they are more
secretagogues. (5) predisposed to conditions that
decrease renal function or
Helps with weight cause lactic a'cid.osis:(9.)
e Myocardial infarction
loss. e Stroke
e Cardiac failure
Slow release e Pneumonia
product can
produce more
stable blood
glucose in some
patients.
Hyperglycaemia | Glicazide 40 mg | YES | Caninitially bed | Long Insulin Always take with food to
d or bd Term secretagogue. prevent hypoglycemia.
Increase to a
maximum dose
of 320mg d,
where doses
over 160mg are
given as divided
doses
Hyperglycaemia | Glicazide SR 30 mg YES | Increase to a Long Insulin Always take with food to
mane maximum dose | Term secretagogue. prevent hypoglycemia.
of 120mgd
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Hyperglycaemia | Glipizide 2.5mg | YES | Caninitially bed | Long Insulin Always take with food to
d or bd Term secretagogue. prevent hypoglycemia.
Increase to a Glipizide is the Avoid long acting
maximum dose sulfonylurea of sulphonylureas especially in
of 20mg d, choice has the patients with renal dysfunction
where doses shortest duration as severe prolonged
over 10mg are of action and hypoglycemia can occur.
given as divided lowest risk of
doses hypoglycaemia in
aged patients.(9)
Hyperglycaemia | Glibenclamide | 2.5 mg | YES | Caninitially be d | Long Insulin Always take with food to
d or bd Term secretagogue. prevent hypoglycemia.
Increase to a Is the longest acting
maximum dose sulphonylurea.
of 20mg d,
where doses Avoid long acting
over 10mg are sulphonylureas especially in
given as divided patients with renal dysfunction
doses as severe prolonged
hypoglycemia can occur.
Hyperglycaemia | Glimepiride 1mgd | YES | Increasetoa Long Insulin Always take with food to
maximum dose | Term secretagogue. prevent hypoglycemia.

of dmgd

Avoid long acting
sulphonylureas especially in
patients with renal dysfunction
as severe prolonged
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hypoglycemia can occur.

Hyperglycaemia | Acarbose 50 mg YES | Can be 50- Long a-glucosidase Hypoglycaemia is possible if
tds 100mg tds Term inhibitor. used in combination with
initially insulin or secretagogues.
If hypoglycemia occurs use
glucose rather than sucrose.
Not tested widely in the elderly,
but most likely safe.(9)
Hyperglycaemia | Sitagliptin 100 mg | NO Long Attractive choice DPP-4 Inhibitor
d Term for aged patients Dose needs to be adjusted in
as monotherapy renal failure
because:(9)
e No risk of
hypoglycemia
e Weight neutral
Hyperglycaemia | Exenatide 5 mcg YES | Give before Long Incretin mimetic
BD morning and Term

evening meal
for the first
month

Increase to
10mcg BD if
needed to meet
glycaemic
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targets
Hyperglycaemia | Pioglitazone 15 mg YES | Up to 45mg Long Insulin sensitizer. As it may take 6-8 weeks for full
d daily Term effect, dose should not be
Are well tolerated increased before this time.
in aged patients,
can be glven to If on full dose for >2months
those with renal ] ) ]
dysfunction and do with no improvement in HbA;.
not cause then cease.
hypoglycaemia.(9)
Can be considered in some
aged patients especially those
with lower HbA;. values with a
contraindication to
sulphonylureas and unable to
unwilling to take insulin.(9)
Are well tolerated in aged
patients, can be given to those
with renal dysfunction and do
not cause hypoglycaemia.(9)
However there are a number of
concerns with this class (see
“glitazones information sheet”)
Hyperglycaemia | Rosiglitazone | 2mgd YES | Upto4dmgd Long Insulin sensitizer. As it may take 6-8 weeks for full
Term effect, dose should not be

Are well tolerated
in aged patients,
can be given to

increased before this time.
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those with renal

dysfunction and do

not cause

hypoglycaemia.(9)

If on full dose for >2months
with no improvement in HbA,.
then cease.

Can be considered in some
aged patients especially those
with lower HbA,. values with a
contraindication to
sulphonylureas and unable to
unwilling to take insulin.(9)

Are well tolerated in aged
patients, can be given to those
with renal dysfunction and do
not cause hypoglycaemia.(9)

However there are a number of
concerns with this class (see
“glitazones information sheet”)

Hyperglycaemia

Insulin

YES

Mono therapy
Intermediate
acting insulin
(~40% total
daily insulin
requirement)
subcutaneously
before bed; OR

Long acting
insulin (~40%

Long
Term

Insulin added to oral anti-
diabetic medications

Is the preferred regimen and is
usually added to metformin
and/or sulfonyurea as it is less
likely to cause weight gain than
insulin alone.

May need higher starting dose
if higher body weight or FBG
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total daily
insulin
requirement)
subcutaneously
at the same
time each day

PLUS

Short acting
insulin (~60%
total daily
insulin
requirement)
subcutaneously
divided into 3
doses given 20-
30mins before
meals; OR

Very short
acting insulin
(~60% total
daily insulin
requirement)
subcutaneously
divided into 3
doses given
immediately

If once daily basal insulin does
not achieve glycemic target,
specialist advice should be
sought to help guide therapy.
Options include:

e Twice daily premixed
insulin

e Twice daily basal insulin

e Bolusinsulin at each meal
as intensive regimen

For more information see
“insulin information sheet”

Quality of life can improve with
the use of basal insulin.(9)

Considerations before giving
insulin to elderly:(9)
e |s the patient physically
cognitively able to:
0 Administer insulin
0 Recognise the
symptoms of
hypoglycemia and
treat appropriately
0 Monitor blood
glucose
0 Insulin
requirements are
lower in renal
failure (GFR <

228




Appendices

before meals

OR

Insulin added to
oral anti-
diabetic
medications
Intermediate or
Long acting
insulin 10-12
Units
subcutaneously
at bed time as
initial dose

PLUS

Oral anti-
diabetic
(metformin
and/or
sulfonyurea)

Increase dose of
basal insulin
slowly each
week by 2 to 4
Units (i.e. 10-

50mL/min)
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20% if the
current insulin
dose) until pre-
breakfast blood

glucose is 4-
6mmol/L
Drug Monitoring
Drug or Brand Name Monitoring Type Frequency Target Are the results affected by other drugs?

[Number][Units] [Tick box]

Disease Monitoring

Aged >65 | All Fasting Blood Glucose Level 4-6 mmol/L (2)

yrs old
These targets may be higher for elderly people.(5)

Aged > 65 | All HbA, Every 3-6 <7% (2) YES

yrs old months.(2, 9)
Frail with medical and functional comorbidities and life expectancy less
than 10 years: < 8%(9)
Individualised goals for very elderly can be even higher — need to
preserve quality of life and avoid hypoglycemia and related
complications(9)

Aged > 65 | All LDL-C Every 6 months | Primary prevention < 2.5 mmol/L (5)

yrs old (5)
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Secondary Prevention < 1.8mmol/L (5)

Aged >65 | All Total Cholesterol Every 6 months | <4.0 mmol/L (2)
yrs old (5)
Aged >65 | All HDL-C Every 6 months | >1.0 mmol/L (2)
yrs old (5)
Aged >65 | All TG Every 6 months | < 1.5 mmol/L (2)
yrs old (5)
Aged >65 | All BP Every 3 months | No proteinuria: < 130/80 mmHg(5)
yrs old (5)
Proteinuria > 1g/day: < 125/80mmHg(5)
Aged >65 | All BMI Every 3 months | <25 kg/m” where appropriate (2)
yrs old (5)
Aged >65 | All Urinary Albumin Excretion — < 20 pg/min (2)
yrs old Timed overnight collection
Aged >65 | All Urinary Albumin Excretion — <20 mg/L(2)
yrs old Spot Collection
Aged >65 | All Urinary Albumin Excretion — Women < 3.5 mg/mmol (2)
yrs old Albumin: Creatinine Ratio
Men < 2.5 mg/mmol (2)
Aged >65 | All Cigarette consumption Yearly (5) Nil (2)
yrs old
Aged >65 | All Alcohol Intake < 2 standard drinks (20g) per day (2)
yrs old
Aged >65 | All Physical Activity Yearly (5) Minimum TOTAL: 150 mins/week (2)
yrs old

Minimal requirement: 30 mins or more of walking (or equivalent) 5 or

more days a week (2)
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Full detail of drug monographs included in the system is on the CD-ROM provided

Highlight indicates fabricated data for the purposes of business rule testing

Acarbose

Is this the brand name? No

If YES, what is the generic name?

Formulation type: Immediate release tablet

Duration of action: [Number][Units}

Drug class: Alpha-glucosidase Inhibitor

Allergy Class

Allergy Class

Indication

Disease

Symptom

Type 2 Diabetes Mellitus

Hyperglycaemia

Adverse Drug Reactions

ADR ADR Frequency Description of Treatment Never reinitiate if
ADR ADR occurs?
Flatulence Common Gl adverse effects | Can be reduced
are dose- by starting on low
dependent; dose and titrating
increased by slowly; improve as
taking sucrose.(1) | treatment
continues.(1)
Unlikely to be
alleviated by
taking an
antacid.(1)
Diarrhoea Common Gl adverse effects | Can be reduced

are dose-
dependent;
increased by
taking sucrose.(1)

by starting on low
dose and titrating
slowly; improve as
treatment
continues.(1)

233




Appendices

Unlikely to be
alleviated by
taking an
antacid.(1)

Abdominal pain

Common

Gl adverse effects
are dose-
dependent;
increased by
taking sucrose.(1)

Can be reduced
by starting on low
dose and titrating
slowly; improve as
treatment
continues.(1)
Unlikely to be
alleviated by
taking an
antacid.(1)

Distension

Common

Gl adverse effects
are dose-
dependent;
increased by
taking sucrose.(1)

Can be reduced
by starting on low
dose and titrating
slowly; improve as
treatment
continues.(1)
Unlikely to be
alleviated by
taking an
antacid.(1)

Increased
aminotransferase

Infrequent

More common in
in underweight
people and with
high doses.(1)

Decrease dosage
if
aminotransferases
elevated; monitor
weekly until
aminotransferase
concentrations
return to normal;
stop treatment if
elevations
persist.(1)

lleus

Rare

Hepatotoxicity

Rare

Skin reactions

Rare

Anaemia

Rare

Oedema

Rare
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Drug Monitoring

Does this Drug need monitoring?

Monitoring Targets

Disease Monitoring Type Monitoring Frequency Target Are results affected by other drugs?

[Number][Units]

Drug Monitoring Interactions

Monitoring Type Description

Hb Small reductions in haematocrit occurred more often in acarbose treated
patients than in placebo treated patients but were not associated with
reductions in haemoglobin.(2) Low serum calcium and low plasma vitamin
Be levels were associated with acarbose therapy but were thought to be
either spurious or of no clinical significance.(2)

Drug- Disease Interaction

Disease Clinical Significance Symptom of interaction Description

Chron’s Disease High All Contraindicated.(1, 2)
Ulcerative Colitis High All Contraindicated.(1, 2)
All High Bowel Obstruction Contraindicated.(1, 2)
All High Major hernia Contraindicated.(1, 2)
All High Malabsorption Contraindicated.(1, 2)
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Drug Renal Function Interaction

Renal Function Consequence Dose Adjustment

Moderate Impairment Unknown — limited experience in this patient Avoid use.(1)

group.(1)

Severe Impairment Unknown — limited experience in this patient Avoid use.(1)

group.(1)

Drug Liver Function Interaction

Liver Function Consequence Dose Adjustment

Drug- Drug Interaction

Interacting Drug Clinical Significance Symptom of interaction Description

Colestyramine Low Hypoglycaemia Cholestyramine may enhance
acarbose's effect; monitor blood
glucose as may need to decrease
acarbose dosage. In non-diabetic
subjects a rebound rise in
postprandial insulin concentration
occurred when both drugs were
stopped together.(1)

Digoxin Medium Decreased efficacy Acarbose may decrease absorption
of digoxin; give acarbose and digoxin
at about the same times each day to
standardise this effect; monitor
digoxin concentration and increase
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digoxin dose if necessary.(1)

Warfarin Medium Changed INR Combination with warfarin
occasionally may increase or
decrease INR; monitor INR and
adjust warfarin dose as necessary.(1)

Atenolol High Hypoglycaemia Beta-blockers may mask some
hypoglycaemic warning symptoms
and increase incidence and severity
of hypoglycaemia but data are
conflicting.(1)

Less likely because beta-1
selective.(1)

Bisoprolol High Hypoglycaemia Beta-blockers may mask some
hypoglycaemic warning symptoms
and increase incidence and severity
of hypoglycaemia but data are
conflicting.(1)

Less likely because beta-1
selective.(1)

Carvedilol High Hypoglycaemia Beta-blockers may mask some
hypoglycaemic warning symptoms
and increase incidence and severity
of hypoglycaemia but data are
conflicting.(1)

Esmolol High Hypoglycaemia Beta-blockers may mask some
hypoglycaemic warning symptoms
and increase incidence and severity
of hypoglycaemia but data are
conflicting.(1)

Labetolol High Hypoglycaemia Beta-blockers may mask some
hypoglycaemic warning symptoms
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and increase incidence and severity
of hypoglycaemia but data are
conflicting.(1)

Metoprolol

High

Hypoglycaemia

Beta-blockers may mask some
hypoglycaemic warning symptoms
and increase incidence and severity
of hypoglycaemia but data are
conflicting.(1)

Less likely because beta-1
selective.(1)

Nebivolol

High

Hypoglycaemia

Beta-blockers may mask some
hypoglycaemic warning symptoms
and increase incidence and severity
of hypoglycaemia but data are
conflicting.(1)

Less likely because beta-1
selective.(1)

Oxprenolol

High

Hypoglycaemia

Beta-blockers may mask some
hypoglycaemic warning symptoms
and increase incidence and severity
of hypoglycaemia but data are
conflicting.(1)

Pindolol

High

Hypoglycaemia

Beta-blockers may mask some
hypoglycaemic warning symptoms
and increase incidence and severity
of hypoglycaemia but data are
conflicting.(1)

Propranolol

High

Hypoglycaemia

Beta-blockers may mask some
hypoglycaemic warning symptoms
and increase incidence and severity
of hypoglycaemia but data are
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conflicting.(1)

Sotalol High Hypoglycaemia Beta-blockers may mask some
hypoglycaemic warning symptoms
and increase incidence and severity
of hypoglycaemia but data are
conflicting.(1)

Drug- Population Type and Subtype Interaction

Population Type Description
Pregnancy (all trimesters) Avoid use; category B3.(1)
Breastfeeding Very low bioavailability, should be safe to use.(1)

Drug- Race Interaction

Race Description

Drug Gene polymorph Interaction

Gene Polymorph Description
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Drug Instructions

Special Instructions Override Generic
Instructions?

Description

IAF

Swallow whole with liquid
immediately before a meal or
chew with the first few
mouthfuls of food.(1)

PBS Information

Is this drug PBS Subsidised? YES

Is this drug RPBS Subsidised? YES

Does this drug require an Authority script? NO
If so, what are the requirements?

References

1. Australians Medicines Handbook 2013 [online]. Adelaide: Australians Medicines

Handbook Pty Ltd; 2013; Available from:
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July 2013].
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Appendix 20: Database-Interface Connection and Business Rule SAMPLE (Chapters 4 and 5)

Full database-interface connection and business rule documentation is on the CD-ROM provided
Allergy
PATI E NT NAM E IF allergy has been caused by the same drug
address Patient Data: _ Chosendrug:
In table Patient Allergies Drug ID " Drug ID in Drug table
DISEASE X — Pharmacological Treatment OR by adrug in the same class
Patient Data: Chosendrug:
) Potential Issues with Medication In table Patient Allergies find DrugID in Drug Drug ID in Drug table
a . . table. =
DrugX: , Issue Identified Details
Start Dose. &.4.: Drug-Drug Al details from Find the Drug Class ID Find the Drug Class 1D
Increase to interaction section
9_-E-Z_F|i"'":ﬂ| OR by adrug in the same allergy class
DrugX: ;f‘:';'::‘:c:‘ Patient Datﬁli o = Elihosen drug:
Start Dose... Description In table Patient Allergies Allergy Class 1D Allergy Class ID
Increaseto.. E'[i';;:::l;:::“‘ - *'-,I Search column: Allergy Class 1D from Drug-
T Allergy Class table for chosen Drug 1D, use
".I corresponding Allergy Class ID value.
Lu, THEN display:
Implement CIYES ".I Issue Identified Details Walue from Table and Column
\ Allergy “Patient has had a previous allergic Standard Message table.
i reaction to this ora similar medication.
Disease Information PoF! Please choose an alternative Display column “Standard
medication™ Message” ID 6: Previous Allergy
Alert
Previousallergy drug, severity and Patient Allergies table.
description
Display column:
“Drug ID” OR “Allergy Class 1D7
“Allergy Severity D7
“Description”
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Appendix 21: Monash University Human Research Ethics Committee approval letter: International Study
(Chapter 6)

%

5 MONASH University

Monash University Human Research Ethics Committee (MUHREC)
Research Office

Human Ethics Certificate of Approval

Date: 1 July 2013

Project Number: CF13M1806 — 2013000955

Project Title: Usability testing of the intelligent decision support software "MedManAGE"

Chief Investigator: Assoc Prof Jennifer Marriott

Approved: From: 1 July 2013 To: 1 July 2018

Terms of approval

5

The Chief investigator is responsible for ensuring that permission letters are obtained, f relevant. and a copy
forwarded to MUHREC before any data collection cam occur at the specified organisation. Failure to provide
permission letters to MUHREC before data collection commences is in breach of the Mational Statement on
Ethical Conduct in Human Research and the Australian Code for the Responsible Conduct of Research.
Approval is only valid whilst you hold a position at Monash University.

It is the responsibility of the Chisf Investigator to ensure that all investigators are aware of the terms of approval
and to ensure the project is conducted as approved by MUHREC.

You should notify MUHREC immediately of any serious or unexpected adverse effects on participants or
unforeseen events affecting the ethical acceptability of the project.

The Explanatory Statement must be on Monash University letterhead and the Monash University complaints clause
must contain your project number.

Amendments to the approved project (including changes in personnel): Requires the submission of a
Request for Amendment form fo MUHREC and must not begin without written approval from MUHREC.
Substantial variations may require a new application.

Future correspondence: Please guote the project number and project title abowve in any further correspondence.
Annual reports: Continued approval of this project is dependent on the submission of an Annual Report This is
determined by the date of your letier of approval.

Final report: A Final Report should be provided at the conclusion of the project. MUHREC should be notified if the
project is discontinued before the expected date of completion.

0. Monitoring: Projects may be subject to an audit or any cther form of monitoring by MUHREC at any time.
1. Retention and storage of data: The Chief Investigator is responsible for the storage and retention of original data

pertaining to a project for a minimum pencd of five years.

Professor Ben Canny
Chair, MUHREC

cc: Ms Paulina Stehlik, Prof P&teris Darzing, Dr Ahmet Sekercioglu

Postal — Monash University, Wie 3800, Australia

Budding 3E, Room 111, Clayton Campus, Wellngton Road, Clayton

Telephone +61 3 BO05 5400 Facsimde +613 0905 3831

Email muhreci@monash.edu  www.monash_eduiresearchiethics/humanfindexhtml
ABN 12 377 814 012 CRICOS Provider #00008C
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Appendix 22: Monash University Human Research Ethics Committee approval letter: Melbourne Study (Chapter

6)

7 MONASH University

Maonash University Human Resaarch Ethics Committes [MUHREC)
Researnch OfMce

Human Ethics Certificate of Approval

Date: 23 July 2013

Project Number: CF13/1984 — 2013001041

Project Title: Usability testing of the intelligent decision support software
"MedManAGE" - Melbourne Study

Chief Investigator: Assoc Prof Jennifer Mariott

Approved: From: 29 July 2013 To: 28 July 2018

Tarme of approval

1. The Chief Invesiigator |5 responsible for ensunng that permission letiers are obtzined, I relevant, and a copy

forwarded to MUHREC before any data colecion can ocowr at the spectfied organisation. Fallure to provide

permisszion lstiers to MUHREC before data collection commencas ks In breach of the Natlonal Statement on

Etnical Conduct In Human Research and the Auatrallan Cods for the Responsible Conduct of Reseanch.

Approval Is only walld whilst you hotd 3 position at Monash Unlvershy.

It I5 the responsility of the' Chled Investigator io ensure that all Investigators are aware of the terms of approval

and to ensure the project Is conducted as approvad by MUHREC.

4. You should motfy MUHREC immediately of any serpus or unexpected adverse effects on participants or
unforesaen avents aMecting the ethical acoaptaniify of the project

5. The Explanatory Statement must be on Monash University lefierhead and the Monash University complaints clause
misst contain your project numiber.

4. Amendments to the approved project (Including changes In personnel). Requires the submission of a

Request for Amendment form to MUHREC and must not begin without wiitten approval from MUHREC.

Substantial varalions may require a new applcation.

Fufure co denca: Please quoie the project number and project ke above In any further comespondence.

Annual reports: Continued approval of this project ks dependent on the submisskon of an Annual Repodt. This Is

datermined by the date of your lether of approval.

9. Final report: A Final Report should be proviged at the conclusion of the project. MUHREC should be notifled i the
project Is discontinued before the expecied date of complefion.

10. Monitoring: Projects may be subject io an awdit ar any other form of monfodng by MUHREC & any ime.

11. Retentlon and storage of data: The Chief Investigator Is responsibie for the siorage and retention of original data
pertaining to a project for a minkmum perod of flve years.

& pa

e =~

Professor Mip Thomson
Chair, MUHREC

co: Ms Paulina Stehlik, Prof Péteris Darzins, Dr Ahmet Sekercioglu

Fostal - Monash Uriversky, Vic 3800, Australia

Building 3E, Room 111, Claytor Campus, Welington Road, Clayton
Telephone +51 3 9505 S430 Faczimie +§1 3 9305 3831

Email ;

ASM 12 377 §94 012 CRICOS Provider #00008C
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Appendix 23: Online Testing International Recruitment Poster (Chapter 6)

“MedManAGE":
A novel medication management decision support system for
aged patients with complex needs

Stehlik P*, Marriott L2, Darzins P2, Bahmanpour A%, Sekercioglu, YAZ

! Centre for Medicine Use and Safety, Monssh University (Pariodlle camous), Pariodlle, Austrails;
2 Fmcuity of Madicine, Bussing snd Hesith Sclances |, Monesh Unleersity (Exstern Hastl Oinlesl Schiood campus], Forest Hll, Austrails
¥ Faculty of Enginesring, Monesh Universiy (Olayton Campus), Claybon, Australa

Backsround:

Increazing age brings an inorease in chronic dizeasze and subsequent inorease in complexity of care and health sector burden, howewver cument resgurces
inadequately support approgriate presoibing in complex aged patients. The development of dedsion support software [DSS) that aims to assist appropriate)
presoibing in this population group i= required.

Method:
Agile method was used in the development of MedManAGE using O language with Visual Studic Integrated Development Envirgnment in .Net 4 Framework
and SOL server express 2008 to allow for multiuser capability. Process flow, business rules and database design was based on a fterature review of qualities
of appropriate prescibing, medication review and dinical dedsion making processes. Induded data were bazsd on diseaze and drug literature reviews.
Interface design was based on health informatics developer guidelines, previous e-Health software evaluation swdies, and swdies regarding health
profezsional prefersnoss when using software and/or resources. .

Results:

A D55 was developed that meets pre-defined

requirements.

* Acts as a data-pool of current disease state
management information,

* Contextualizes information based on patient
information,

* “Aped specific” information iseasily distinguished
from that intended for the general or younger
population,

* Relevanttothe Australian environment,

* Easily updated without the need for programming
knowledge,

* Simpleto use interface with ability to access mare
detailed information.

Future Directions: Usability testing

If you wish to be participate in the MedManAGE usability study, please take a
booklet or speak to Paulina Stehlik about participating.

Thank you!

Comespondence emall: Faulina. Stehilk @ monash. edu

= MONASH University
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M= MAMAGE

Ta interested health professionals,

We would like toinvite you to participate in the MedManAGE usability study. MedManAGE is 2
prototype software that displays patient specific decision support information.

This study is the usability assessment of MedMonAGE; it does NOT assess your clinical knowledss.
You will MOT be identifiable from any of the data collected. It should take you no more than 20
minutesto complete the pilot testing.

Plezse click on the following link to participate:

https:/Swww. dropbos.com//sh/6rra@nwynuvBap/ 79tROCIEL

Please feel free to pass thisemail on to your health professional [pharmacist or medical practitioner)
colleagues.

Kind Regards,

AfProf lennifer Marriott (Chief Ms Paulina Stehlik (Co-Investigator, PhD

Investizator) Candidate)
Department of Pharmacy Practice

Department of Pharmacy Practice

Prof Peteris Darzins (Co-Investigator) Dr Ahmet Sekercioglu Darzins (Co-
Ezstern Health Clinical 5chool Investigator)
Department of Electrical and Computer

Systems Engineering, Electrical and

Computer Systems Engineering
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Usability testing of the
intelligent decision support
software “MedManAGE”

Monash University
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EXPLANATORY STATEMENT
{Pharmacists and Medical Practitioners)

Project: Usability testing of the intellizent decision support software “MedldanAGE”

AfProf Jennifer Marriott (Chief
Investigator)

Department of Pharmacy Practice
Phone AUSTRALIA- (03) 9913 8100
email: Jennifer Marrictt@monash.edu

Prof Peteris Darzins (Co-Investigator)
Eastern Health Clinical School

Phone AUSTRALIA: (03) 8804 2750
email: Peteris. Darzins{@monash.edu

M= Paulina Stehlik {Co-lnvestigator, PhD
Candidate)

Department of Pharmacy Practice
Phone AUSTRALIA - (03) 9903 9170
email: Paulina Stehlik@monash edu

Dr Ahmet Sekercioglu Darzins (Co-
Investigator)

Department of Electrical and Computer
Systems Engineering, Electrical and
Computer Systems Engineering

Phone AUSTRALIA: (03) 99053503
email: Ahmet Sekercioglu@monash.edu

My name is Paulina Stehlik and | am conducting a research project towards a PhD at Monash

University.

You are invited to take part in this study. Please read this Explanatory Statement in full before
deciding whether or not to participate in this research. if you would like further information

regarding any aspect of this project, you are encouraged to ask the researchers directly or contact

the researchers via the phone numbers or email addresses listed above.

What does the research invaolve?

This study invalves the assessment of the usability of software developed by the researchers, called
MedManAGE. You will be asked to use MedManAGE online to work through the case study

provided. This will invalve the completion of certain tasks and provision of feedback via an anline

survey on how easy you found the program to use. Please note that this study is NOT an assessment

of your clinical knowledge, but an assessment of the computer program’s usability.

You will MOT be identifiable from any of the data collected. It should take you no more than 20

minutes to complete the pilot testing.
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Why were you chosen for this research?

We wish to assess the usability of MedManAGE. We anticipate that users will be pharmacists or
medical practitioners. We feel that these people will most benefit from the software and will have
greatest insight into potential usability issues.

For the purposes of this study you need to be a pharmacist or medical practitioner, fluent in English,
over 18 years old, and have access to the internet. If you do not meet these criteria you are ineligible
to participate in this study.

Consenting to participate in the project and withdrawing from the research

As this study is voluntary you are under no obligation to consent to participate in this study.
Prowision of infarmation to the researchers will be considered as consent to participate in this study.
Should you wish, you are able to withdraw from the study at any time, however, as you will remain
anonymous during this study, after you complete the online surveys it will not be possible to
withdraw your information from the study.

Possible benefits and risks to participants

This study will help inform software developers on usable software design that meet the needs of
pharmacists and medical practitioners. This will potentially result in better and more efficient care of
patients.

There is little to no risk of potential discomfort that could be caused by this study. Your personal
details will not be collected.

Confidentiality

You will not be identifiable from any of the data collected. All data will only be accessible by the
researchers.

Storage of data

All data collected must be stored in accordance with Monash University regulations. This means that

data collected will be stored in accordance with Monash University regulations, kept on University
premises, in a locked filing cabinet for 5 years. A report of the study may be submitted for
publication, but individual participants will not be identifiable in such a report.

The data collected from this study will be used to:
¢ Improve the current software

¢ Inform other medication management decision support software developers of the
requirements for a usable software
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Results

If you would like to be informed of the aggregate research finding, please contact Paulina Stehlik on
{03) 2203 9170 or email Paulina Stehlik@monash.edu

Complaints

Should you have any concerns or complaints about the conduct of the project, you are welcome to
contact the Executive Officer, Monash University Human Research Ethics (MUHREC):

Executive Officer

Monash University Human Research Ethics Committee (MUHREC)
Room 111, Building 3e

Research Office

Maonash University VIC 3800

Tel: +61 3 9905 2052 Email: muhrec@monash.edu Fax: +61 3 9905 3831

Thank you,

Jennifer Marriott {Chief Investigator)
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Step 1: Installing MedManAGE
Please download MedManAGE from the following Dropbox URL:

https: fwaww dropbox comysh/GrraSmwynSuviap/ 7StROCIBL

You will need a Windows operating system to run MedManAGE.
We suggest also looking at:

1. How toinstall MedManAGE; and
2. Introduction to MedManAGE

WARNING

Some of the information found in MedManAGE is fictional and is not intended for use in real
patients,

DO NOT use this software for the care of real patients.

Once you have finished this study, please uninstall MedManAGE.

Once you have finished installing MedManAGE, open the program.
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Step 2: Completing Patient 1 Scenario

Mary lane Do (lives at 123 Fake 5t, Fakeville 0000), is one of your regular patients. She has come to
your clinic for a follow up consultation.

You have received some laboratory results indicating that Mrs Do has elevated LDL predominant
dyslipidaemia. You also decide that she is in the “High Cardiovascular Risk” category." As Mrs Doisa
complex patient you decide to use MedManAGE to help you make an appropriate treatment choice.

Please use MedManAGE to decide how to treat Mary Jane Do.

* For more information regarding cardiovascular risk stratification please see: http://www.cvdcheck org.auf
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Step 3: Completing the Survey
Go to htto://paulinastehlik polldaddy. comy/s/medmanage-usability-study-1 to complete the usability
Survey.

WARNING

Some of the information found in MedManAGE is fictional and is not intended for use in real
patients.

DO NOT use this software for the care of real patients.

Once you have finished this study, please uninstall MedManAGE.

Step 4: Uninstalling MedManAGE
Once you have submitted your survey, please uninstall MedManAGE.

To uninstall or change a program

1. Open Programs and Features by clicking the Start button o‘ clicking Control Panel,
clicking Programs, and then clicking Programs and Features,

1. Selecta program, and then click Uninstall. Some programs include the option to change or
repair the program in addition to uninstalling it, but many simply offer the option to
uninstall. To change a program, click Change or Repair. “F If you're prompted for an
administrator password or confirmation, type the password or provide confirmation.

For more information on how to uninstall a program go to:

hitp-liwindows microsoft_com/en-usiwindows/uninstall-change-program#uninstall-change-
rogram=windows-7

Thank you for participating in
the MedManAGE usability
study.
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Appendix 26: Monash University Human Research Ethics Committee amendment approval letter (Chapter 6)

PLEASE NOTE: To ensure speedy turnaround time, this correspondence is being sent by
email only. MUHREC will endeavour to copy all investigators on correspondence relating
to this project, but it is the responsibility of the first-named investigator to ensure that
their co-investigators are aware of the content of the correspondence.

Dear Researchers
Thank you for submitting a Request for Amendment to the above named project.

This is to advise that the following amendments have been approved:
Changes to Recruitment

- Participants will be recruited through educational sessions aimed at target
groups.

- Participants will also be invited to participate in a focus group discussion of
the program to provide further feedback.

Changes to Procedures

- Participants will be given an explanatory statement and 2 booklat with
demographic data form and Modified Computer System Usability Questionnaire {CSUQ).

- Participants will be guided through the program using two case studies.

- AL the focus group session, the participants will be given the same
explanatory statemeant and asked to complete a consent form. The software will be
shown to participants again and focus group discussion will be stimulated using the IBM
After Scenario Questionnaire. Total session time is expected to be 30-45 mins. The
session will be audio recorded and transcribed verbatim.

Approved Documents
- Explanatory Statement - Health Professionals
- Exprassion of Interest - Health Professionals

- Consent Form - Health Professionals

Thank you for keeping the Committee informed.
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Professor Nip Thomson
Chair, MUHREC

Human Ethics
Monash Research Office

Our aim is exceptional service

Monash University

Level 1, Building 3e, Clayton Campus
‘Wellington Rd

Clayton VIC 3800, Australia

Telephone: +61 23 9305 5430
Email: muhrec@monash.edu
Website: http-//www monash.edu au/researchoffice/human

ABN 12 377 614 012 CRICOS Provider No 00008C

This @-mmil {inciuding afl mitochmants) iz intendad for the romed ecpiant ol I pow recaive this a-mail in arror, please inform the sender
immadiately by reply e-mail. Also, becoune ihe unauthonsed we, sioroge, disclosune or copping of this @-mod (Including ottochmanis) may be
vnlmwl, phaase defate the e-mml (ond ottochments) from your spstem and destroy any sopies. [ wou are the irhendied recipiant off Hhiis &
mail, please corsult the origing author bafore any disclosure, copying or distribution, J§f this iz not explicith parmitted.
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Appendix 27: Questionnaire Explanatory Statement (Chapter 6)

EXPLANATORY STATEMENT

{Health Professionals)

Project: Usability testing of the intelligent decision support software “MedManAGE”

Afprof lennifer Marriott (Chief Investigator) M= Pauling 5tehlik [Co-Investizator, PhD
candidate)
Department of Pharmacy Practice

Phone AUSTRALIA: [03) 2013 B100 Department of Pharmacy Practics
Phone AUSTRALIA : (03] 9803 8170

email: Paulina.stehlik @monash.edu

email: Jennifer. Marrictt@monash.edu

Prof Peteris Darzins [Co-Investigator) Dr Ahmet Sekerciogly [Co-Investigator)
Eastern Health Clinical School Department of Electrical and Computer
Fhone AUSTRALIA: (D3] BED4 2750 Systems Engineering, Electrical and
email: Peteris. Darzins@monash.edu Computer Systems Engineering

Fhone AUSTRALIA: (03] 22053503
email: A&hmet.sekercioglu@monash.edu

My name is Paulina 5tehlik and | am conducting a research project towards a PhD at Monash
University.

You are invited to take part in thisstudy. Please read this Explanatory Statementin full before
deciding whether or not to participatein this research. Ifyou would like further information
regarding any aspect of this project, you are encouraged to ask the researchersdirectly or contact
the researchersviathe phone numbers or email addresses listed above.

What does the research inwolve? This study involves the assessment of the usability of software
developed by the researchers, called MedMonAGE. You will be asked to watch 2 demonstration of
how MedManAGE is used after which you will be asked to complete an anonymous questionnaire
regarding the usability of MedManAGE.

If you wish to provide further feedback, you are also invited to participate in a short focusgroup
discussion regarding whether MedManAGE would assist you in your everyday practice as a health
professional. If you wish to be contacted regarding further discussions, please fill out the "expression
of interest” form or contact Paulina 5tehlik directly. With your consent, the focus group session will
be audio recorded and should take no more than 30-45 mins to complete. Light refreshments will be

provided.

Page 1 of 3
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Why were you chosen for thisresearch?

We wish to assess the usability of MedManAGE. We anticipate that users will be pharmacists or
medical practitioners. We feelthat these people will benefit most from the software and will have
greatest insight into potential usability issues.

For the purposes of this study you need to be a pharmacist or medical practitioner, fluent in English,

over 18 years old. If you do not meet these criteriayou are ineligible to participate in this study.

Consenting to participate in the project and withdrawing from the research

As thisstudy is voluntary you are under no obligstion to consent to participatein this study. Return
of the survey booklet will be considered consentto participate in this study. Should you wish, you
are able to withdraw from the study at any time, howewver, 2s you will remain anonymaous during this
study, after you complete the survey it will not be possible to withdraw your questionnaire results
from the study.

Expressions of interest to participate in the short focus group discussion will be followed up by the
researchers. You are under no obligation to participate in the focus group discussion even ifinterest
has been expressed. Consent to participate inthe focus groups will be assumed only after you have
signed and returned the consent form given out 2t the session. You may request the removal your
discussion results any time prior to publication of results.

Paossible benefits and risks to participants

This study will help inform software developers on usable software design that meet the needsof
pharmacists and medical practitioners. Thiswill potentially resultin better and more efficientcare of
patients.

There is little to no risk of potential discomfort that could be caused by this study. Your personal
detailswill not be collected , otherthan contact details associated with expressions ofinterestin

focus group participation.

Confidentiality

All data will only be accessible by the ressarchars.

Storage of data

All data collected must be stored in accordance with Monash University regulations. This means that
data collected will be stored in accordance with Monash University regulations, kept on University
premises, in alocked filing cabinet for 5 years. Areport ofthe study may be submitted for
publication, but individual participants will not be identfiable in such a report.

The data collected from this study will be used to:
®*  |mprove the current software
®*  |nform other medication management decision support software developers of the
requirements for a usable software

Page 2 of 3
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Results
If you would like to be informed of the aggregate research finding, please contact Paulina Stehlikon
[02) 9902 9170 or email Paulina. Stehlik@maonash.edu

Complaints

Should you have any concerns or complaints about the conduct of the project, you are welcome to

contact the Executive Officer, Monash University Human Research Ethics [MUHREC):

Executive Officer

Monash University Human Research Ethics Committee (MUHREC)
Room 111, Building 3e

Research Office

Monash University VIC 2B00

Tel:+61 3 9905 2052 Email: muhrec@maonash.edu Fax:+61 3 9905 3831

Thank you,

Jennifer Marriott {Chief Investigator)
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Appendix 28: Modified CSUQ used for Usability Feedback (Chapter 6)

MedManAGE Usability Questionnaire

Demographic Data

Please complete the following demographic information.

Are you currently studyingin to be, or are already registered as, a pharmacist or medical

practitioner in Australia?
J Yes O Mo

What is your current status in Australia? If you answered "no” above, what is your current status
in your country of study/practice?

O Undergraduste medical student O Undergraduste pharmacy student
O Medical Intern O Pharmacy Intern
0 Registered medical practitioner O Registered pharmacist

If you are an undergraduate student currently studying to be a pharmacist or medical practitioner
what year of study are you in?

O Year: out of

If you are a registered pharmacist or medical practitioner for how many years have you been

registered?

0 Years:

Are you an accredited pharmacist or do you have any formal specialisations in geriatric medicine?

(e.g.: geriatric pharmacology, geriatrics, ett.)

O Yes O Mo

Do you hawe any computer related qualifications? (e.g.: Bachelor of Computer Science,
programming background, etc...)

d Yes O Mo

of 7

2]
[
m
T
(=
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If you are an intern or registered health professional, on average how many hours a week do you

practice as a pharmacist/ medical practitioner?

J >40hrs J 304D hrs O 20-30hrs O 10-20hrs O =10hrs

How experienced are you with using computers?

J  Eweryday O Onceaweek O Onceamaonth 0 Lessthan oncea
manth

How would you rate your confidence in using computers?

] Weryconfident 0 Confident O Little confidence O Mo confidence

2]
[
m
1]
(]
d
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Modified Computer System Usability Questionnaire [CSUQ)

This questionnaire givesyou an opportunity to express your satisfaction with the usability of
MedhManAGE. Your responseswill help us understand what aspects of the system you are
particularly concerned about and the aspects that satisfy you.

To as great 2 degree possible, think about all the tasks that may do with the system while you
answer these questions.

Please read each statement and indicate how strongly you agree or disagree with the statement. If
the statement does not apply to you, select NfA.

Whenever appropriste please write comments to explain your answers.

Please try to respond to all the items.

1. Owerall, | am satisfied with how easy it would be to use MedManAGE
Strongly Disagree 1 2 3 4 5 & 7 Strongly Agres NJA&

Comments:

2. lwaould find it simple to use MedManAGE
Strongly Disagree 1 2 3 4 5 & 7 Strongly Agres NJA&

Comments:

3. lcould effectively complete tasks using MedManAGE

Strongly Disagree 1 2 3 4 &5 & 7 Strongly Agree NSA

Comments:

=l

a]
w

im
11}
[¥T)
[=]
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lwould be able to complete tasks using MedManAGE

5t Strongly Disagree 1 2 3 4 5 &6 7 Strongly Asree

Comments:

| would be able to efficiently complete tasks using this MedManAGE
Strongly Disagree 1 2 32 4 5 & 7 Strongly Agree

Comments:

| would feel comfortable using MedManAGE
Strongly Disagree 1 2 3 4 5 & 7 Strongly Agree

Comments:

It would be easy to learn to use MedManAGE
Strongly Disagree 1 2 3 4 5 & 7 Strongly Agree

Comments:

| believe | would become productive quickly using MedManAGE
Strongly Disagree 1 2 2 4 & & 7 Strongly Agree  NJA

Comments:

MA

Ny

Ny

1a]

of 7
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10.

11.

12,

13,

The information (such as on-screen messages, and other documentation) provided
MedManAGEis clear

Strongly Disagree 1 2 3 4 5 & 7 Strongly Agree MNSA

Comments:

It would be easy to find the information | may need

Strongly Disagree 1 2 3 4 5 & 7 Strongly Agree MNSA

Comments:

The information provided for the system is easy to understand

Strongly Disagree 1 2 2 4 &5 & 7 Strongly Agree MNJ/A

Comments:

The information would be effective in helping me complete the tasks and scenarios
Strongly Disagree 1 2 2 4 & & 7 Strongly Agree MNJSA

Comments:

The organization of infoermation on MedManAGE screensis clear
Strongly Disagree 1 2 3 4 5 & 7 Strongly Agree MNSA

Comments:

2]
1]
(i1

(%2}

of 7
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The interface includes those items thatyou use o interact with the sustene. For exampls, rome
componsnis af the interface are the kevboard, the mouss, the sevesns (including their uze of graphics
and languages).

14. The interface of MedManAGEis pleasant

Strongly Disagree 1 2 3 4 &5 & 7 Strongly Agree MN/A

Comments:

15. lwaould like using the interface of MedManAGE
Strongly Disagree 1 2 2 4 & & 7 Strongly Agree MjA

Comments:

16. MedManAGE has all the functions and capabilities | expectit to hawe
Strongly Disagree 1 2 3 4 § & 7 Strongly Agree N/A

Comments:

17. Owerall, | am satisfied with MedManAGE
Strongly Disagree 1 2 3 4 &5 & 7 5Strongly Agree MN/A

Comments:

=]
w
o
T
[=3]
=1
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List the most negative aspect(s) of MadManAGE:
1.

List the most positive aspect(s) of MedManAGE:
1.

Additional Comments:

2]

Sl

of 7
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Appendix 29: Invitation to Health Professionals to Participate in Focus Group Feedback (Chapter 6)

[Expressinn of Interest

(Health Professionals)

Project: ‘Usability testing of the intelligent decision support software “MedManAGE” — Mefbourne Study’

Chief Investigator:  Jennifer Marriott

I wish to be contacted via regarding participation in focus group discussions of MedManAGE.

Mame of Participant

Contact (email and/or phone number):
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Appendix 30: Focus Group Feedback Consensus Form (Chapter 6)

7 MONASH University

COMNSENT FORM

[Health Professionals)

Project: ‘Usability testing of the intelligent decision support software “MedManAGE"
Chief Inwestigator:  lennifer Marriott

| have been asked to take partin the Monash University research project specified above. | have read and
understood the Explanatory Statementand | hereby consent to participate in this project.

| consent to the following: Yas No

Audio recording during the interview J focus group D O
Take part in a focus group of up to B people D O
| agree to make myself available for 2 further interview if required | [E]

lunderstand that | will be given atranscript of data concerning me for my approval before it is included in
the write up of the ressarch.

| understand that my participation is voluntary, that | can choose not to participate in part or all of the
project, and that | can withdraw from the project without being penalised or disadvantaged in any way,
however you will only be able to withdraw data prior to your approval of the session transcript /prior to
the publication of a report of the project.

| understand that any data that the researcher extracts from the session for use in reports or published
findings will not, under any circumstances, contain names or identifying characteristics.

Name of Participant

Email of Participant for Transcripts:

Participant Signaturs Date
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What is your initial impression of MedManAGE?

What are the positive aspects of MedManAGE — how are they
positive?

What are the negative aspects of MedManAGE — how can these
be improved, including design, information and functionality?

Do you feel that MedManAGE would provide you with useful
information when deciding on disease state management
options for complex patients? What additional information
would you need?

Would you find MedManAGE useful in practice — why or why
not? How can it become useful?

1 sentence summary
from each participant
5 mins

10 mins

10 mins

10 mins
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