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1500 - 15:30 CDS Refresh - Dr Ed Conley

1530 close
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Learning Objectives

1 — Refresh/reminder/reinforcement of some important of CDS
from the last Sync sessions

2 — Step through the topics you will see in self-studies — high
level only

3 — Conceptual link of CDS by means of Al
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Some Key Perspectives of CDS

1 — CDS is workflow engineering: the right support, to the right person,
at the right time, in the right channel.

CDS intervention succeeds only when it fits naturally into the real sequence of clinical actions, cognitive load,
and social interaction.

actionable, specific guidance
rather than abstract information.

C ) + R« 2

A e FPE g — A )

different roles need different & ; -

views of the same situation
Patient Diagnosis Prescribing ~ Administration

the moment of decision, Assessment

not five screens later.
a nurse, a GP, and a consultant all experience systems differently.

Most CDS fail not because the evidence is wrong, but because it arrives too late, to the wrong role, in th ne
% ysgol Cymru

format, or in a way that interrupts rather than assists. Good CDS feels like part of the work. N Y Drindod Dewi Sant
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Early standalone applications
Integration with departmental workflows

Radiation Therapy
Dosimetry Systems
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Some Key Perspectives of CDS

2 — CDS fails more from implementation & context than evidence of
weak algorithms or knowledge

80%
B Implementation =3 ! Evidence or
and Context Issues Algorithm Weaknesses
80% Implementation and Context 20% Evidence or
Issues Algorithm Weaknesses

ﬁﬁ Workflow Disruption a Poor Timing
28/01/2026 < Alert Fatigue «# Loss of Clinical Trust




*.(\o Interpret
Results

Represent
Knowledge

CDS needs a complete Q§
Learning Health cycle

Analyze
Data e

Knowledge
A Problem of Apply
Assemble o Interest Knowledge
Data

Decide to

1 from data generation...
Study

2 to aggregation...
3 through analysis... Collect

4, 5 knowledge creation... Data
6, 7 knowledge dissemination and use...

8 implementation - ongoing measurement,

continuous feedback and refinement

Take Action to
Change Practice
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Some Key Perspectives of CDS

3 - Data quality and representation determine CDS safety;
poor coding, missingness, and bias propagate into decisions.

4 - Knowledge management is the hidden bottleneck: content
ownership, versioning, governance, and rapid updating matter
most.

5 - Clinical reasoning and human judgement remain central; CDS
should scaffold decisions, not replace accountability.



Clinical Decision Support:
a 25 Year Retrospective and a 25 Year Vision

B. Middleton'2, . . Sitig’, A. Wright*
Aoenito,Inc, Ghicago, I, USA

* Horvord T.H. Chan School of Public Health , Boston, MA, USA
3 University of Texns Health Science Center ot Houston, TX, USA
* Biigham ond Women's Hospital, Horvord Medicol School, Boston, WA, USA
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Introduction

In this review of the evolution of Clinical De-
cision Support (CDS) from 199010 2015 we
first describe the ‘s f-th ” for CDS

widespread and effective use of knowledge
in practice, including three essential pillars
1) best knowledge available when needed,
high adoption, and effective use, 2) continu-

circa 1990, and provide an overview of the
Key issues of the day. We next describe the
evolution that occurred according to six di-

and3)CDS

methods [2).This would assure that
Clinical decision support (CDS) provides
inicians, staff.patients, or other individ-

leneceion o earion o e e e
adotenin d sekaedbanes o aies s e n
el

practice relevant to CDS: data, knowledge,
inference, architceture and technology,

made. oy ¢

implementation and integration, and the
lving We highlight the barriers

wals with

information, intelligently filtered or pre-
sented af appropriate times, to enhance
health and health care (2],
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pa

25 years. Next, we ambitiously describe a
potential vision for CDS 25 years hence,
and suggest critical issues to monitor the
quality of CDS and clinical analyties in the
[T-enabled healtheare delivery system.

This paper frames the discussion around
CDS defined as follows:

Learning Health System
where a virtuous cycle is created from data
‘generation, to aggregation, analysis, knowl-
edge creation, knowledge dissemination and
use, and ongoing measurement for contin-
uous feedback and refinement [3-5). We
subscribe tothis belief and suggest that over
the next 25 years the use of clinical decision

Clinical decision supportis a proce
enhancing health-related decisions and
actions with pertinent, organized, clinical
knowledge, and patientinformation o im-
prove health and healtheare delivery. In-
Jormation recipients can include paients,
linicians, and others imvolved in patient
care delivery; information delivered can
include general clinical knowledge and
guidance,intelligently processed patient
data, or a mixture of both; and informa-
tion delivery formats can be drawn froma
rich palette of options that includes data
and order entry facilitators, filtered data
displays, reference information, alerts
and others [1].

Further, CDS has been considered as one
componentof an over-arching strategy toward

ppor ;
will become routine in clinical practice [6],

Evolution of (DS over the
Past 25 Years
State of the Art in (DS in 1990

In the carly 1990's, hospital environments
typically had some form of a hospital infor-
mation system, a variety of departmental
information systems (3, and potentially
in more advanced scitings, applications
to support scanned documents, quality
reporting, and rescarch applications (often
used and maintained outside the traditional
“IT" (information technology) department)

A Yearbook of Medico! Informatcs 2016

The Six Grand Challenges

“still faced by CDS”

Middleton’s review arrived at “six axes of CDS” to discuss
the barriers and facilitators to effective use in the real world:

o UhWN

Data

Knowledge
Inference

Architecture and technology

Implementation and integration

Users

- cognitive load

- time pressure

- professional responsibility
converge.

Failures are experienced subjectively...
- irritation

- distraction

- obstruction
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Brief Review of BMDS-7003
Self-Study Papers



Review of work so far

Date Y-M-D Title, Subject and PDFs supplied

2025-11-27 Self-directed learning activity BMDS7003-01 CDS BENEFITS AND RISKS with PDF Sutton et al

2025-12-11 POSTPONED Self-directed learning activity BMDS7003-02 - postpone - GUIDES CHECKLIST with PDF Van de Velde
2026-01-08 Self-directed learning activity BMDS7003-03 mod TWO STREAM CDS with PDF Medlock et al

2026-01-22 Self-directed learning activity BMDS7003-04 MAP OF MEDICINE with PDF Brennan et al

2026-02-05 Self-directed learning activity BMDS7003-05 MINDLINES with PDFs Gabay and LeMay + Wieringa + Greenhalgh
2026-02-12 Final Sync session (will issue here the postponed BMDS7003-02)

Note there is a long gap between these self studies and the presentation of them, a list will be issued with assigned topics closer to the day:
2026-04-23 Presentations on BMDS7003 topics

Only final reminder is limit for formative feedback on the assignment is 6th Feb. Just send directly by email don't use Moodl e for formative.



BMDS-01 Paper (supplied 28
CDS BENEFITS AND RISKS

Nov)

Sutton et al is an overview of clinical decision support
systems (CDSS) - what types are there, use cases,
benefits and common pitfalls, minimizing risks...

Describes how CDSS is either "knowledge-based" or
"non-knowledge-based" the former uses programmed
rules, and the latter leverages artificial intelligence an
machine learning algorithms.

Covers CDSS potential risks - disrupted workflows,
alert fatigue, impact on user skills, computer literacy
challenges, and issues with system/content

REVIEW ARTICLE

www.nature.com/npj

An overview of clinical decision support systems: benefits,

risks, and strategies for success

Reed T. Sutton (', David Pincock?, Daniel C. Baumgart', Daniel C. Sadowski', Richard N. Fedorak' and Karen 1. Kroeker'*

Computerized clinical decision support systems, or CDSS, represent a paradigm shift in healthcare today. CDSS are used to augment
clinicians in their complex decision-making processes. Since their first use in the 1980, CDSS have seen a rapid evolution. They are
now commonly administered through electronic medical records and other computerized clinical workflows, which has been
facilitated by increasing global adoption of electronic medical records with advanced capabilities. Despite these advances, there
remain unknowns regarding the effect CDSS have on the providers who use them, patient outcomes, and costs. There have been
numerous published examples in the past decade(s) of CDSS success stories, but notable setbacks have also shown us that CDSS
are not without risks. In this paper, we provide a state-of-the-art overview on the use of clinical decision support systems in
medicine, including the different types, current use cases with proven efficacy, common pitfalls, and potential harms. We conclude

with evidence-based recommendations for minimizing risk in CDSS design, i
httpsi//doi.org/10.1038/541746-020-0221-y

npj Digital Medicine (2020)3:1

INTRODUCTION: WHAT IS A CLINICAL DECISION SUPPORT
SYSTEM?
A clinical decision support system (CDSS) is intended to improve
healthcare delivery by enhancing medical decisions with targeted
clinical knowledge, patient information, and other health informa-
tion.' A traditional CDSS is comprised of software designed to be a
direct aid to clinical-decision making, in which the characteristics
of an individual patient are matched to a computerized clinical
base and patient-specific or recommen-
dations are then presented to the linician for a decision.” CDSSs
today are primarily used at the point-of-care, for the dlinician to
combine their with i i or i
provided by the CDSS. Increasingly however, there are CDSS
being developed with the capability to leverage data and
ions  otherwise or p by

humans.

Computer-based CDSSs can be traced to the 1970s. At the time,
they had poor system integration, were time intensive and often
limited to academic pursuits.** There were also ethical and legal
issues raised around the use of computers in medicine, physician
autonomy, and who would be at fault when using the
recommendation of a system with imperfect ‘explainability.®
Presently, CDSS often make use of web-applications or integration
with electronic health records (EHR) and computerized provider
order entry (CPOE) systems. They can be administered through
desktop, tablet, smartphone, but also other devices such as
biometric monitoring and wearable health technology. These
devices may or may not produce outputs directly on the device or
be linked into EHR databases.®

, evaluation, and

literature-based, practice-based, or patient-directed evidence?
CDS$ that are non-knowledge based still require a data source,
but the decision leverages artificial intelligence (Al), machine
learning (ML), or statistical pattem recognition, rather than being
programmed to follow expert medical knowledge” Non-
knowledge based CDSS, although a rapidly growing use case
for Al in medicine, are rife with challenges including problems
understanding the logic that Al uses to produce recommenda-
tions (black boxes), and problems with data availability.” They
have yet to reach widespread implementation. Both types of
CDSS have common components with subtle differences,
illustrated in Fig. 1.

DS have been endorsed by the US Government's Health and
Medicare acts, financially incentivizing CDS implementation into
EHRs.'” In 2013, an estimated 41% of U.S. hospitals with an EHR,
also had a CDSS, and in 2017, 40.2% of US hospitals had advanced
DS capability (HIMSS Stage 6)."" Elsewhere, adoption rates of
EMRs have been promising, with approximately 62% of practi-
tioners in Canada in 2013'° Canada has had significant
endorsement from the government level, as well as Infoway, a
not-for-profit corporation.'® England has also been a world leader
in healthcare IT investment, with up to 20 billion euros invested
back in 2010."° Several countries have also managed to
implement national health records, at least for patient-facing
data, including Denmark, Estonia, Australia, and others.'

The scope of functions provided by CDSS is vast, including
diagnostics, alarm systems, disease management, prescription
(R), drug control, and much more.'® They can manifest as
« ized alerts and reminders, computerized guidelines,

CDsss have been classified and into various
categories and types, including intervention timing, and whether
they have active or passive delivery.”® CDSS are frequently
classified as knowledge-based or non-knowledge based. In
knowledge-based systems, rules (IF-THEN statements) are created,
with the system retrieving data to evaluate the rule, and

producing an action or output’; Rules can be made using

order sets, patient data reports, documentation templates, and
clinical workflow tools.'® Each €DSS function will be discussed in
detail throughout this review, with the potential and realized
benefits of these functions, as well as unintended negative
consequences, and strategies to avoid harm from CDSS. Metho-
dology used to inform the review is shown in Box 1.

"Department of Medicine, Division of Gastroenteralogy, University of Albena, Edmenten, Canada. “Chief Medical Infarmaticn Office, Alberta Health Services, Edmonton, Canada.

“ermail: Kkroekerualbertaca

Seripps Research Translational Institute

npj s

maintenance and data quality.




BMDS-01 Worked Example

Example Reflection and Tasks in BMDS7003-01

Distinguishing “Knowledge-Based” and “Non-Knowledge-Based” CDS

Knowledge-Based CDS: Relies on established medical knowledge, rules, and
guidelines. For example, it uses “if-then” logic and pre-programmed rules.
Clinicians interact with these systems to receive recommendations based on clinical
protocols.

Non-Knowledge-Based CDS: Leverages machine learning and artificial intelligence
to analyse data patterns without relying on explicit medical knowledge. These
systems can make predictions and provide recommendations based on historical
data and learned algorithms, but they often lack transparency (black-box nature).

Encountering “Non-Knowledge-Based” CDS

Examples encountered or feasible applications:

- Predictive analytics for sepsis detection using patient data trends.

- Al-powered radiology tools that identify anomalies in medical imaging.

- Genetic risk prediction tools that analyse genomic data for disease risk.



BMDS-01 Worked Example

Insights from Table 1 Sutton et al., 2020:

Potential harms of CDSS experienced or observed:

Alert Fatigue: Frequent irrelevant alerts causing clinicians to overlook important
ones.

Fragmented Workflow: Systems that interrupt clinical routines or require separate
platforms for data input/output.

Typical functions and advantages experienced or observed:

Improved Patient Safety: Alerts for drug interactions and reminders for critical
interventions.

Enhanced Workflow Efficiency: Automated documentation and streamlined clinical

workflows.
Prifysgol Cymru
£ Y Drindod Dewi Sant
—— N University of Wales
Trinity Saint David
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BMDS-01 Worked Example

Task: List of 10 Types of CDS
1. Alert and reminder systems (e.g., medication dosing).
. Diagnostic support systems (e.g., differential diagnosis suggestions).
. Guideline and protocol adherence systems.
. Order sets (e.g., for lab tests or treatments).
. Medication interaction checkers.
. Imaging decision support tools (e.g., radiology).
. Patient monitoring systems using wearable devices.

. Predictive analytics tools (e.g., risk of disease progression).

© 00 N O 0o & W DN

. Patient-facing decision support systems (e.g., Personal Health Records).

o Prifysgol Cymru
£ Y Drindod Dewi Sant

10. Workflow automation tools (e.g., auto-fill for clinical notes). Y University of Wales

Trinity Saint David



+

Task: BMDS-01 Worked Example
CDSS Example Expected Potential Pitfalls | Mitigation
Benefits Strategies
Existing: Al for Faster detection of | User distrust due Incorporate
Imaging Analysis | anomalies; to “black-box” explainable Al

reduced workload.

nature.

(XAl); validate

using clinical trials.

Future: Genomic
Risk Prediction

Personalized
medicine; early
disease
intervention.

Data privacy
concerns.

Secure data
encryption;
compliance with
GDPR/healthcare
privacy standards

Task: Al in Clinical Decision Support

Recent Literature Examples:

Al-based triage tools for emergency rooms (e.g., Babylon Health).

Machine learning for identifying diabetic retinopathy (Google Al).

Predictive models for hospital readmission rates.

%

5
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Self-study BMDS-02
GUIDES CHECKLIST

Van de Velde et al (postponed, will issue 12 Feb)

Development and testing of the GUIDES checklist, a tool The GUIDES checklist: development of a &

: . . : tool to improve the successful use of
designed to improve the successful implementation of CDS guideline-based computerised clinical

systems based on clinical guidelines. decision support

Stijn Van de Velde'"®, llkka Kunnamo?, Pavel Roshanov?, Tiina Kortteisto®, Bert Aertgeertss, Per Olav Vandvik®,
Signe Flottorp'”’, GUIDES expert panel

The checklist is structured around four domains (context, p—
co ntent, Syste m’ a nd im ple m e ntatio n)’ Wa S Cre ate d t h r‘o ug h a Background: Computerised decision support (CDS) based on trustworthy clinical guidelines is a key component

of a learning healthcare system. Research shows that the effectiveness of CDS is mixed
Multifaceted context, system, recommendation and implementation factors may potentially affect the success of

Syste m a t iC reVie W Of eX i St i n g I ite ra t u re’ eX pe rt p a n eI fee d b aC k’ CDS interventions, This paper describes the development of a checklist that is intended to support professionals to

implement CDS successfully.
H I H d H I H Methods: We developed the checklist through an iterative process that involved a systematic review of evidence
pa t Ie nt CO n S u ta tl O n S’ a n pl Ot te St I n g- and frameworks, a synthesis of the success factors identified in the review, feedback from an international expert
panel that evaluated the checklist in relation to a list of desirable framework attributes, consultations with patients

and healthcare consumers and pilot testing of the checklist.

Results: We screened 5347 papers and selected 71 papers with relevant information on success factors for
guideline-based CDS. From the selected papers, we developed a 16-factor checklist that is divided in four domains,

Ca n b e a p pl ied to a SS es Si ng a n d a d d res Si ng fa Cto rS in fl u e n C i n g i.e. the CDS context, content, system and implementation domains. The panel of experts evaluated the checklist

positively as an instrument that could support people implementing guideline-based CDS across a wide range of
settings globally. Patients and healthcare consumers identified guideline-based CDS as an important quality

t h e S u CC es S O r fa i I u re Of CDS i m p Ie m e nta ti O N S - tec h n OI ogica I’ improvement intervention and perceived the GUIDES checklist as a suitable and useful strategy.

Conclusions: The GUIDES checklist can support professionals in considering the factors that affect the success of
[ H H CDS interventions. It may facilitate a deeper and more accurate understanding of the factors shaping CDS
CI I n |Ca I’ Orga n Izat I O n a I’ a nd h u m a n e I e m en ts . effectiveness. Relying on a structured approach may prevent that important factors are missed.
Keywords: Clinical computerised decision support systems, Practice Guidelines, Guideline adherence,
Evidence-based medicine, Implementation



Self-study BMDS-03
TWO STREAM CDS

issued 8 JAN 2026
Medlock et al

A "Two-Stream Model" model differentiates between
a clinical stream (reasoning about the patient) and a
cognitive-behavioural stream (reasoning about the
user).

“CDSS effectiveness should be evaluated not only by
its impact on clinical care but also by its usability” - its
influence on workflows, and its facilitation of
appropriate decisions.

Emphasis on a holistic evaluation of CDSS, outcomes
PLUS user experience, workflow integration, and the
cognitive processes involved in decision making.

Mediock S, et al. J Am Med inform

1006. doi:10.

Modeling information flows in clinical

decision support: key insights for
enhancing system effectiveness

Stephanie Medlock,' Jeremy C Wyatt,>* Vimia L Patel,* Edward H Shortiiffe,” Ameen Abu-Hanna

ABSTRACT

RECEIVED 20 July 2015

REVISED 23 October 2015

ACCEPTED 26 October 2015

PPUBLISHED ONLINE FIRST 5 February 2016

AMI/A OXFORD

UNIVERSITY PRESS

A fundamental challenge in the field of clinical decision support is to determine what characteristics of systems make them effective in supporting
particular types of clinical decisions. However, we lack such a theory of decision support itself and a model to describe clinical decisions and the
systems to support them. This article outlines such a framework. We present a two-stream model of information flow within clinical decision-
support systems (CDSSs): reasoning about the patient (the clinical stream), and reasoning about the user (the cognitive-behavioral stream). We
propose that CDSS “effectiveness” be measured not only in terms of a system's impact on clinical care, but also in terms of how (and by whom)
the system is used, its effect on work processes, and whether it facilitates appropriate decisions by clinicians and patients. Future research into
which factors improve the effectiveness of decision support should not regard CDSSs as a single entity, but should instead differentiate systems

based on their attributes, users, and the decision being supported.

Keywords: decision-support systems, clinical, workflow, decision making, user-computer interface

PROBLEM

Friedman stated that a fundamental theorem of medical informatics is
that a person working in partnership with an effective information re-
source is often “better” than that same person working unassisted.' In
the field of clinical decision-support systems (CDSSs), this implies that a
clinician working with the aid of a CDSS makes better decisions than a
clinician working without one. However, it is clear that some CDSSs are
ineffective. A recent review surprisingly showed that only 58% of pub-
lished randomized clinical trials of CDSSs demonstrated improved pro-
cesses of care or patient outcomes,” and some have even led to poorer
outcomes,” even though they were thought to be well-engineered for
clinical use. Thus, a fundamental challenge for CDSS research is to
identify those characteristics that lead to successful systems. Because
we lack a vocabulary to describe and differentiate decision-support sys-
tems, we are unable to predict which systems are likely to succeed.
Published studies on CDSS effectiveness report on only a small number
of factors, which are often arbitrarily chosen and defined.

To put it simply, despite over five decades of research, our discipline
lacks a theory of decision support. This means that we do not know the
full range of issues to teach our students about COSSs, we cannot reli-
ably predict which systems will prove effective, and — most importantly
~ we cannot give evidence-based advice to CDSS designers about how
o maximize their chances of creating effective systems. Worse, we can-
not describe all of the relevant features of a specific CDSS using a lan-
guage or criteria that are widely accepted and that others will
understand. Potentially relevant factors originate from disparate fields
such as computer science and psychology, which are often considered
in isolation. Accordingly, in this article, we infroduce a new model of in-
formation flow in clinical decision support, based on Ahituv’s generic
model of information fiow.* This model, termed the “Two-Stream
Model,” describes the range of issues encompassed by the field of
CDSS and helps identify factors that are likely to infiuence CDSS
effectiveness.

MODELING A CLINICAL DECISION
Ahituv proposed a simple information flow model in which the state of
an object is observed to collect data about it, the data are interpreted to
obtain information, the information s used to make a decision, and the
decision is used to act to change the state of the object Figure 1
shows a first, simplified instantiation of this model for healthcare do-
mains, based on Wyatt.” The decision “domain” s the patient. We can
measure the patient's temperature (data), interpret the result as a fever
(information), and decide whether treatment is needed (decision). A
CDSS uses a formalized knowledge base to interpret the data.® The
CDSS can offer either a conclusion about the state of the patient (“what
is true,” eg, a diagnosis) or an explicit recommendation (“what to do”).”
In much of the work on CDSSs, the advice is simply presented to the
user with an implick assumption that this is sufficient to prompt the
recipient to act appropriately. However, we know from decades of psy-
chology research® that this assumption is naive. The fundamental func-
tion of a COSS is to support the dlinical decisions of the user.
Consequently, interaction with the user is a fundamental part of the sys-
tem'’s design. In early CDSSs, this led to adding features such as an ex-
planation of the reasoning behind the advice given by the system.*'®

MODELING THE PRESENTATION OF ADVICE

We can represent a CDSS's interaction with the user with a second in-
stantiation of Ahituv's model (Figure 2). The CDSS can observe user
activity such as a mouse click (data), interpret this activity as reading
the patient record (information), and decide how to present the mes-
sage (decision). Data about the user may also include more permanent
information, such as the user’s role (patient, general practitioner, spe-
cialty, etc.), demographics (eg, expertise), or the user's interaction his-
fory (eg, their responses to earfier messages). In most CDSSs,
decisions on how and when to present advice are based only on im-
plicit knowledge of the problem domain and the clinical workfiow.
However, CDSSs can also incorporate explicit models of cognition that

Comrespondence to Stephanie Medlock Department of Medical Informatics, University of Amsterdam, Meibergdreef 15, 1105 AZ Amsterdam, The Netherlands;

s k.mediock@amc.uva.ni; Tel: +31 020 566 4543

© The Author 2016. Published by Oxford Universiy Press on behalf of the American Medical Informatics Association. Al rights reserved. For Permissions, please

email: joumals.permissions@oup.com

For numbered affiliations see end of article.
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Self-study BMDS-04
MAP OF MEDICINE

Failed CDS case study - issued 22 Jan 2026

Brennan et al
Systematic review of impact of Map of Medicine, an

evidence-based online clinical knowledge resource, on
healthcare practice.

Scarcity of high-quality evidence to definitively

Health Information = cilip
Health
and Libraries Journal Librarics Group =

DOI:10.1111/1.1471-1842.2011.00940.x

Review Article
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Abstract

Objectives: Map of Medicine is an evidence-based online clinical knowledge resource. Procured at signifi-
cant cost by healthcare providers in the UK, Sweden and Denmark, it is important to establish the beneficial
impact that investment has had on healthcare practise and, ultimately, on patient outcomes. The objective of

Results: The search identified 133 articles even of the articles identified met the inclusion criteria. The

. . . . . this study is to review the evidence for the impact of the Map of Medicine on clinical practice.
. Methods: A systematic review of peer-reviewed and grey literature was conducted. Nine healthcare data-
e S a I S | S | rT] p a (: C'a Se S u Ie S S l | g g es e p O e n | a bascs, Google Scholar and Google were soarched for atikes containing the terms “map of medicine

benefits such as reduced inappropriate referrals to
secondary care, cost savings, and decreased patient
waiting times and a valuable training tool.

Lesson - evaluate the real-world impact using robust
research methodologies to assess the effectiveness o
such technologies (not anecdotal evidence or case
studies alone).

main finding of the study is the paucity of evidence available on the impact of the Map of Medicine and
the variable quality of that which does exist. There are some encouraging early indications for the Map of
Medicine as a tool within service redesign, leading to an increase in appropriate referrals to secondary
care, decreased patient waiting times and considerable cost savings.

Conclusion: Further research with study designs that can generate high quality evidence for the impact of
Map of Medicine is essential in order to support policy decisions

Keywords: digital information resources, evidence based practice, health professionals, review, systematic.

Key Messages
Implications for Practice

* The Map of Medicine has many potential applications in healthcare.
* The Map of Medicine is emerging as a key tool within service redesign, leading to an increase in
appropriate referrals to secondary care, decreased patient waiting times and considerable cost

savings.
* The Map of Medicine is perceived by clinicians as a valuable training tool.

Implications for Policy

There is a paucity of evidence available on the impact of the Map of Medicine on clinical practice.
The evidence which does exist is of variable quality.

Further rescarch is needed to provide evidence of the impact of Map of Medicine on clinical prac-
tice in order to support policy decisions.

ellow, Institue of Clinical Education, Peninsuls Medical School, Room €409 Portland
sity of Plymouth, Drake Circus Plymouth, PL4 SAA, E-mail: nicola brennan(@ pms ac.uk

fence: Dr. Nicola Brennan, PhD - Rescarch

© 2011 The authors. Health Information and Libraries Joumal © 2011 Health Libraries Group
Health Information and Libraries Journal, 28, pp.93-100 93

S —

L1

i v g nviramivodod mintyen pov g oot I




Self-study BMDS-05
MINDLINES

to be issued 5 Feb

Systematic review of the literature on "mindlines" —
internalised, collectively reinforced tacit guidelines

It critiques traditional evidence-based medicine's
rationalist assumptions and its exploration of tacit
knowledge and collective knowledge creation.

Understanding mindlines provides a more nuanced
perspective on how knowledge is actually shared and
enacted in healthcare, challenging simplistic models of
knowledge translation — highlights the complexities of
integrating research evidence into clinical practice via
digital technologies.

Gabbay and le May

Editorials

Mindlines:

making sense of evidence in practice

Coffee-room chat may impact on evidence-
based practice at least as much as all thase
quidelines that deluge GPs. If so, we need to
understand better how and why that is, so
that our informal conversations help rather
than impede the spread of best practice

EVIDENCE IN PRACTICE?

The pressure to comply with guidelines
and evidence-based patient pathways has
been rising inexarably, but so 100 has the
feeling that the evidence-based medicine
movement often misses the point.’ lts
champions, who include many policymakers
and managers as well as researchers,
lament clinicians’ apparent slowness in
implementing research evidence, while

education, organisational theory, knowledge
management, anthropology. Sociology of
knowledge, philosophy, and scial theory,
The picture that emerged from that study
is gaining increasing traction among
implementation scientists** but may also
help clinicians understand and defend their
clinical wisdom in the face of the pressures
ta comply with externally imposed norms.

WHY "MINDLINES'?

So how did our practitioners routinely,
often instantaneously, respond to that
challenge? The answer seemed to lie in
what we eventually called their ‘mindlines’.
These are guidelines-in-the-head, in which
evidence from 3 wide range of sources
has been melded with tacit knowledge
through experience and continual learning
to become internalised as a clinician’s

clinicians grumble that their hard-learned  TOO COMPLEX FOR GUIDELINES personal guide lo practising in varied
clinical judgement is undervalued by an A crycial aspect of the picture — no | contexts. Clinicians acquire their mindlines
on conforming to quidelines - o ' Lot A b th,

Wieringa and Greenhalgh

Wieringa and Greenhalgh implementation Science (2015) 10:45
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SYSTEMATIC REVIEW Open Access
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10 years of mindlines: a systematic review and

commentary

Sietse Wieri nga;' and Trisha Greenha\qh?

Abstract

Background: In 2004, Gabbay and le May showed that clinicians generally base their decisions on mindlines—
internalised and collectively reinforced tacit guidelines—rather than consulting written clinical guidelines. We
considered how the concept of mindlines has been taken forward since.
Methods: We searched databases from 2004 to 2014 for the term 'mindlinels)’ and tracked all sources citing Gabbay
and le May's 2004 article, We read and re-read papers to gain familiarity and developed an interpretive analysis
and taxonomy by drawing on the principles of meta-narrative systematic review.

Results: In our synthesis of 340 papers, distinguished between authors who used mindlines purely in name
(‘nominal’ view) sometimes dismissing them as a harmful phenomenon, and authors who appeared to have
understood the term’s philosophical foundations. The latter took an ‘in-practice’ view (studying how mindlines




Perspective on the many types of CDSS

A wide scope of tools.

Alerting systems (e.g., medication
Order sets and protocols

nteraction warnings

Diagnosis support (e.g., symptom checkers)

Treatment recommendations
Patient-specific risk assessment to
Image analysis and interpretation a
Outcome prediction models
Decision aids for patients

uidelines and protocols
Data visualisation dashboards
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Sutton et al
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An overview of clinical decision support systems: benefits,

risks, and strategies for success

Reed T. Sutton @', David Pincock’, Daniel C. Baumgart', Daniel C. Sadowski',

ichard N. Fedorak' and Karen I. Kroeker'*

Computerized diinical decision support systems, or CDSS, represent a paradigm shift in healthcare today. CDSS are used to augment

clinicians in their complex decision-making processes. Since their first use in the 19805, CDSS have seen a rapid evolution. They are
only administered through electronic medical records and other computerized clinical workflows, which has been

facilitated by increasing global adoption of electronic medical records with advanced capabilities. Despite these advances, there
remain unknowns regarding the effect CDSS have on the providers who use them, patient outcomes, and costs. There have been

numerous published examples in the past decade(s) of CDSS success stor

s, but notable setbacks have also shown us that CDSS

are not without risks. In this paper, we provide a state-of-the-art overview on the use of clinical decision support systems in
medicine, including the different types, current use cases with proven efficacy, common pitfalls, and potential harms. We conclude
with evidence-based recommendations for minimizing risk in CDSS design, implementation, evaluation, and maintenance.

npj Digital Medicine (2020)3:17 ; https//dol.org/10.1038/541746-020-0221-y.

INTRODUCTION: WHAT IS A CLINICAL DECISION SUPPORT
SYSTEM?

A clinical decision support system (CDSS) is intended to improve
healthcare delivery by enhancing medical decisions with targeted
clinical knowledge, patient information, and other health informa
tion." A traditional CDSS is comprised of software designed to be a
direct aid to clinical-decision making, in which the characteristics
of an individual patient are matched to a computerized clinical
knowledge base and patient-specific assessments or recommen:
dations are then presented to the clinician for a decision.* CDSSs
today are primarily used at the point-of-care, for the clinician to
combine their knowledge with information or suggestions
provided by the CDSS. Increasingly however, there are CDSS
being developed with the capability to leverage data and
observations otherwise unobtainable or uninterpretable by
humans,

Computer-based CDSSs can be traced to the 1970s. At the time,
they had poor system integration, were time intensive and often
limited to academic pursuits.** There were also ethical and legal
issues raised around the use of computers in medicine, physician
autonomy, and who would be at fault when usin
recommendation of a system imperfect ‘explainability’>
Presently, CDSS often make use of web-applications or integration
with electronic health records (EHR) and computerized provider
order entry (CPOE) systems. They can be administered through
desktop, tablet, smartphone, but also other devices such as
biometric monitoring and wearable health technology. These
devices may or may not prodice outputs directly on the device or
be linked into EHR databases.®

CDSSs have been classified and subdivided into various
categories and types, including intervention timing, and whether
they have active or passive delivery.”® CDSS are frequently
dlassified 25 knowiedge based or non-knowiedge based. I
knowledge-based systems, rules (IF-THEN statements) are created,
with the system retrieving data to evaluate the rule, and

producing an action or output’; Rules can be made using

[ d evidence
o5 that me o knowledge e require a data source,
but the decision leverages artficial intelligence (Al), machine
leaming GA,or satsica pttam recogeiton, athe than being
programmed o follow expert medical knowledge. Non-
knowledge based CDSS, although a rapidly growing use case
for Al in medicine, are rife with challenges including problems
understanding the logic that Al uses to produce recommenda-
tions (black boxes), and problems with data availability.” They
have yet to reach widespread implementation. Both types of
CDSS " have common components with subtle differences,
ilustrated in Fig

DS have baen endorsed by the US Government's Health and

Medicare acts, financially incentivizing CDS implementation into
EHRs."® In 2013, an estimated 41% of UsS. hospitals with an EHR,
also had a CDSS, and in 2017, 40.2% of US hospitals had advanced
CDS capability (HIMSS Stage 6)." Elsewhere, adoption rates of
EMs have been prombing. with spprosimatey 624 of pract
tioners in Canada in 201 anada has had - significant
endorsement from the govemmem level, as well as Infoway, a
not-for-profit corporation.' England has also been a world leader
in healthcare IT investment, with up to 20 billon euros invested
back in 2010." Several countries have also managed to
imglement rationsl hesth recons ot lesst for patisntfacing
data, including Denmark, Estonia, Australia, and of

e scope of functions provided by CDSS is e including

diagnostics, alarm systems, disease management, prescription
(Rx), drug control, and much more.”® They can manifest as
computerized alerts and reminders, computerized guidelines,
order sets, patient data reports, documentation templates, and
clinical workflow tools.'® Each CDSS function will be discussed in
detail throughout this review, with the potential and realized
benefits of these functions, as well as unintended negative
consequences, and strategies to avoid harm from CDSS. Metho-
dology used to inform the review is shown in Box 1
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Perspective on Al in CDSS

will revisit in BMDS-7010

Artificial intelligence is rapidly transforming CDS
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Applications include natural language processing for clinical
documentation

Machine learning for risk prediction

Computer vision for image analysis.

Compare knowledge-
Careful consideration is needed to address ethical based versus non-knowledge-

i
i : " ” based systems,

concerns and potential biases and “black box” effects y

associated with these technologies. i [ty
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