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2  Agenda

» Data management planning in the early stages of research
projects

» The importance of documentation for data reproducibility and
sharing

 Using analytics and Artificial Intelligence to improve healthcare

* Applying appropriate scientific rigor in planning and executing data
science projects
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Data management planning in the early
stages of research projects

The importance of documentation for data
reproducibility and sharing
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2 Data Management Planning

» Data Lifecycle

 Early Planning:
* Protocol and HREA

Excluding data
governance

Australian e-Health
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2 Data Lifecycle

Design &
Enable

We are here!

Store /
Maintain

Data Lifecycle Activities’

Dispose of
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2 Data Management Planning
» Start at the protocol!

* A data management plan should be developed as early as
possible

« Data management considered throughout approval steps
» Guides the data lifecycle throughout the project

 Starting Guide: National Statement on Ethical Conduct in
Human Research?

« Data Management: Section 3.1.43 — 3.1.49

2National Health and Medical Research Council, Australian Research Council and Universities Australia (2023). National Statement
on Ethical Conduct in Human Research. Canberra: National Health and Medical Research Council.

Townsville
Hospital

[++)

W

- %
AR
TUDAY AT Ty

Australian e-Health
Research Centre

Queensland
Government




Key HREA Considerations

» 3.1.43: Agreement of data custodian

« 3.1.44: How the data is collected, access, used, disseminated and
disposed

» 3.1.45: Information security agreements to meet privacy risks

» 3.1.46: Researchers to comply with all legal and regulatory
requirements (data governance)

» 3.1.47: Preservation of biological samples

» 3.1.48: Data, information and biospecimen disposal in legal
manner

e 3.1.49: Data should be reusable for future research
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> Documentation for Reproducibility

*Significant resource investment in
collecting, cleaning and structuring data

*Data sharing is difficult to navigate in
health research

*Enable reproducibility within a
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> Documentation for Reproducibility

*FAIR Principles?

*Findable

* Accessible
*Interoperable
*Reusable

3Wilkinson, M., Dumontier, M., Aalbersberg, |. et al. The FAIR Guiding Principles for scientific data management and
stewardship. Sci Data 3, 160018 (2016). https://doi.org/10.1038/sdata.2016.18
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Documentation for Reproducibility
*Using FAIR Principles for Reproducibility

* |dentifiers
* Described with Metadata

* Metadata and data accessibility
* Retention of the metadata record

* Metadata and data format
* Metadata linkage
*License

* Provenance information

i
Queen S lan d Townsville
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>  Documentation for Reproducibili
*ARDC FAIR Assessment Tool*

Findable

The data has sufficiently rich metadata and a unique and persistent identifier to be easily discovered by others. This includes assigning a persistent identifier (like a
DOI or Handle), having rich metadata to describe the data and making sure it is findable through disciplinary local or international discovery portals.

[:J:} Does the dataset have any identifiers assigned? © Whatis this?
Globally unique, citable, and persistent (e.g. DOI, PURL, ARK or Handle) Web Address (URL)
Local Identifier No Identifier

J/} Is the dataset identifier included in all metadata records/files describing the data?

Yes No

[:\//} How is the data described with metadata?

Comprehensively using a formal machine-readable metadata schema Comprehensively, but in a text-based, non-standard format

4FAIR Data Self Assessment Tool | ARDC. (2023, November 22). ARDC. https://ardc.edu.au/resource/fair-data-self-assessment-tool/
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2 Documentation for Reproducibility
*ARDC FAIR Assessment Tool!2]

*Explore the Questionnaire early

4FAIR Data Self Assessment Tool | ARDC. (2023, November 22). ARDC. https://ardc.edu.au/resource/fair-data-self-assessment-tool/

&tll Queensland Townsville Australian e-Health
Wil Government Research Centre




> Documentation for Reproducibility
*ARDC FAIR Assessment Tool!2]
*Explore the Questionnaire early
*Assessment:

ooooooooooooooo
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Using Analytics and Artificial Intelligence
to Improve Healthcare

Applying appropriate scientific rigor
iIn planning and executing
data science projects

-
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S Motivation: The Australian Health System

Less desirable rank More desirable rank

Alcohol consumption ~
Colon cancer survival . “
. /
Coronary heart disease mortality . “
Daily smoking . “
Dementia prevalence “

Health expenditure . “
o M b v

Life expectancy at birth, females
Reference: Australia's health 2018,

Life expectancy at birth, males . “ https://www.aihw.gov.au/reports/aust

ralias-health/australias-health-2018/
Obesity N o

Practising doctors “
Practising nurses . “

Other OECD country @ OECD average ¥ Australia
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https://www.aihw.gov.au/reports/australias-health/australias-health-2018/
https://www.aihw.gov.au/reports/australias-health/australias-health-2018/

§ Motivation: Australian Patients are at Risk
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The Solution — Digital Health

The health system will shift focus...

-
W
(5] ..from treating patient illness

=
[+]]
to managing consumer health

P L
F’l and wellbeing 1L
/ .:..\

Five enabling themes
Consumers are an
underutilised resource in the
health sector. Consumers

Each enabling theme
is designed to assist in
Australia’s health system

can be empowered to

better prevent illness and
manage their health via
increased information access
and consumer focussed
health solutions.

shift, with the aim of making
continual improvements

to Australia’s overall

health outcomes

...from accepting
one-size-fits-all to

precision health solutions

Supporting groups that have
inequitable health outcomes
to move up the health curve
will provide greater social
and economic returns than
just extending the lifespan of
those most advantaged.

Government, industry,
researchers and the community
must collaborate to create the
value inherent in this shift

Improved health
outcomes and equity
for all Australians.

https://www.csiro.au/en/work-with-us/services/consultancy-strategic-

Greater system
efficiencies that flatten
the cost curve of
health financing.

advice-services/csiro-futures/future-health

HE=

(‘A ...from a reactive
system to a holistic and
predictive approach

Unlocking the value of Supporting integrated and
digitised data precision health solutions

Behavioural change is needed
by all health stakeholders to
ensure the growing volume of
personal health data is securely
shared, collated, analysed,
interpreted, and paired with
action for improved health

and wellbeing.

Greater systems integration
and precision health
solutions must be
underpinned by improved
predictive analytics, an
outcomes-based mindset,
and a new set of skills for
health professionals.

7"
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..from extending life
to improving quality of
life over a lifetime

Integrating with the
global sector

Improved global integration
will help the sector

connect and contribute to
world leading health and
management solutions and
encourage the development of
novel and globally exportable
solutions in Australia.

More impactful
and profitable
business models.

Creation of new
industries based
on precision and

preventative health. practices.
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More sustainable
and environmentally
friendly healthcare

More productive workers
leading to increased job
satisfaction and improved
work-life balance.
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HEALTH
INFORMATICS

Improving health system
performance & productivity from
electronic health data

How: Meaningful data
interoperability and analysis for
decision support, analytics,
modelling and reporting

BIOMEDICAL HEALTH
INFORMATICS SERVICES

Biostatistics, imaging and genomics Improving access to services &
based -clinical workflows management of chronic diseases

How: Leveraging operational & How: Service delivery models
clinical data through analytics, utilising telehealth, mobile health

modelling, decision support & & remote monitoring
automation

‘ Queensland Townsville Australian e-Health
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> Health Intelligence @ CSIRO AEHRC

Evidence Based Healthcare

deterioration occupancy

Risk
stratification

Early
discharge

Health System Productivity &

Operational Decision Support

Demand
prediction

Flow
bottlenecks

Decision
support

Disease
trajectories

Surgery
scheduling

Clinical Decision Support

Australian e-Health
Research Centre
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> Evidence Based Healthcare

>

“A major multi-agency study is underway to

@ Hospital Access and Patient Flow investigate contributing factors to rising waiting
times in public hospital emergency departments

* Bottlenecks and strategies for improving flow in Queensland, and to help find solutions.
* Workflows and health system KPIs
* ED, inpatient and outpatient patient journeys

Source: Emergency Medicine Foundation website

* Clinical care & treatment pathways Incorporating ECMOCARD
* Reporting and benchmarking

3 Clinical Insights and Reporting %—1 COVID -19 Critical
\ (@ Care Consortium
M

63 countries across 6 continents
k 26,427 patients across 441 collaborative centres /

‘IIII Contributing Statistical Expertise Fig: Reach of the International ECMOCARD collaborative

* Advanced statistical support for internal and e Australian e-Health
external collaborators QueenSland Hospital
Government Research Centre




> Operational Decision Support

ﬂ The Goals

* Proactive management instead of reactive
e Data-driven instead of “this is how we do it”

_\é The Research

* Time series forecasting and machine learning
e Simulation, Optimisation and mathematical models
* Digital twins

‘@‘ The Solutions we are Building

* Predicting demand for services and resources
* What-if scenario-based decision making

e Surveillance, outbreak & aberrance detection
* Optimising outpatient and surgery workflows

* Digital twin of a statewide patient flow control room

AUStIn

HEALTH

Austin Health

Austin Health
Specialist Outpatient Appointment Scheduling

Next Available Appointment

Select clinical service

Unit Care Provider Appointment Type

Ophthalmology X N\ Dr Elaine Wei-Tinn Chong x New Ophth
Set search period for next available appointment
Enter review period Select Timeframe Review Period is 10 Weeks

10 © Weeks ~

Months Not available
Next Available Appointment is in
21 weeks

Provide Feedback on Tool Calculate Next Available [EOCY

Fig: Next Available Appointment tool developed for trial at Austin Health

Australian e-Health
Research Centre
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| | | u 2 factors
10:00
inical Decision Support | =
Home  20Nov Rehospitalisation Risk

ﬁ The Goals

* Precision decision support at the point of care
* Predictions that clinicians can trust/use

_é The Research

High-performance explainable machine learning

* Predict “patients risk profile” based on outcomes of
interest (generally adverse) to inform care planning

* Compliance with Regulatory requirements and
internal Quality Management Systems (QMS) efforts

T

" The Outcomes we are Predicting
B

. Preventable hospitalisation in primary care
*  Preventable hospitalisations in acute care

*  Clinical deterioration (Adults)

* Neonatal adverse outcomes including Sepsis

*  Central line associated bloodstream infection (CLABSI)

*  Non-alcoholic Fatty Liver Disease (NAFLD)
Post-operative Hypotension

/C Dest EDD waw Comments Rehosp Risk EWS Due

Tomorrow
Home  20Nov Family Mee...
10:00
2 Days Awaiting ACAT

21 Nov Aged Care... 2202 A High

11:00 @
Home No Blood Res... 2 >
! Risks
\ Hospital Readmission Risk  Top 4%
Home No Aged Care ..., Factors » 3 hospitalisations in
last 12 months
2 Days 68 yo
Home  21Nov @ Discharge ...} Actions
14:00 Referral to Social Work O
- 2Days Referral to Community Nursing (V]
ospiceé 21 Nov Feat
500 GP medication review O
3 Davs Tome ITCT OK,

Fig: CSIRO rehospitalisation risk algorithm embedded within
Alcidion’s Miya flow dashboard

Totat Paieris: 74453

Risk stratification - Heart health Practice 1 e

24,453 9,019 1,433 5,000 0 268

Practice Popuiation - 12 Month Mospitalsstion Rk Profie Chronec Meart P aihure - 13 Month Mo1pialisation Rk Profie 2 Mor® HospRalaation Rak SUratifcation epert

=u BB
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'§ A Typical Health Analytics Project Lifecycle

Discovery

7 T

Data
Acquisition
and Prep

Model
Planning
Modelling
/ Analytics

Queensland L(:)v:;?t\;illle Australian e-Health
Government Research Centre

A Typical Health
Analytics Project
Lifecycle

[

Deployment,
Evaluation and
Tweaking

N i

Communication
and Shared
Understanding R




Barriers to Development, Deployment & Scalability

Barriers:
» Data quality issues DOB: 02/12/21

* Poor structural interoperability

* Poor semantic interoperability
Weight: 12.6

Consequence:
] 0 I .

80% time spent on getting the dgta regdy Medicine Name: Pyrmont Pharmacy,
» Bespoke model development — i.e. build 4b/60 Union St, Pyrmont NSW 2009

for the specific use case
» Poor transferability/scalability of
developed solutions

Australian e-Health
Research Centre
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Yy Best Practice Analytics and Model Development
>

e Current efforts are
built for specific use
— hard to re-use/scale

Relatively

* You want models that are
re-usable and scalable

General
Model

» Solution — a standards-
based approach

Australian e-Health

¥ Queensland Bass
Research Centre
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y Use Case: Clinical Decision Support — Acute Care

* Predictive Algorithm Driven Risk
Stratification to inform in-hospital care
and discharge planning

Presents to
Emergency

experiences
health decline

Assessment Community Health)
4 Service
* 24 Month trial at QLD Metropolitan et e~ DS (Generat Practtonrs)
Hospital - April 2018 — March 2020 pe- 1 " .
. : S Social Support
£ CHIP* | | Services )
~--»l Discharge -’ ‘High-risk patients .
. . . - Pl are eligible for the R Domiciliary Nursi

- Explainable Machine Learning employed amy Comury ot === ===  Sonicen

to help interpret risk scores

« Redeveloped on state-wide data for
implementation in QLD — June 2021

Australian e-Health
Research Centre
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Sy Background Work in Risk Stratification

Diagnosis Code Block | Description

Patient Cohort Coverage

E11%* Type 2 Diabetes Mellitus
» 2 hospitals from a lower socio-economic area in QLD TIL e e T T
* Include surrounding hospitals 1507 Feart Failure
 AIlQLD hOSpitaIS 160* Subarachnoid Haemorhage
I61% Intracerebral Haemorrhage
AdmiSSionS Of |nterest 162* Other Nontraumatic Intracranial Haemorrhae
(Performance measured as Area under the ROC curve) izz ‘Sjere;a‘z‘f“s“i"’_‘f S
. . troke, Not Specified as Haemorrhage or Infarction
* Al admISSIO.nS : 80-95%) . J44%* Other Chronic Obstructive Pulmonary Disease
 All except dialysis admissions : 65-78% TEe i
« Emergency admissions : 50-68% Ti6" Status Asthmaticus
 What else do we remove ?? N18* ChronicKidney Failure
Z49%* Care Involving Dialysis
Response Variable
. 28 days Vs 30 days Fig: List of ICD-10 diagnosis codes used to identify chronic disease patients

* Readmission Vs Emergency Readmission Vs

Representation to ED Vs Either Queensland EEEG Australian e-Health

Government ey Research Centre




7

Cohort : Statewide data for all patients who presented at the
original 2 hospitals with at least one Chronic Disease admission
over 5 years

Exclusions :

* Routine admissions

* Obstetric admissions

* |ndex admissions

» Episodes resulting in inpatient death

4 Response Variables :

RA30 - Readmitted within 30 days

RA30E - Readmitted within 30 days through ED
RP30 - Represented to ED within 30 days
RU30 - Return to hospital within 30 days

3 Algorithms

» Generalised Estimating Equations (GEE)
« Artificial Neural Networks (ANN)

* Random Forests (RF)

> Background Work in Risk Stratification

90% -

80%

70% -

AREA UNDER THE ROC CURVE

10% -

0% -

60% -

50%

40% -

30% -

20% -

RA30

m GEE

RA30E

u ANN

RP30

m RF

RU30

GEE

62%

64%

62%

63%

ANN

72%

73%

78%

74%

RF

74%

74%

82%

77%

Fig: Comparing model performance

Queensland
Government

Townsville

Hospital

S. Khanna, N. Good, and J. Boyle, “Predicting Unplanned Return to Hospital for Chronic Disease Patients,”
Studies in health technology and informatics, vol. 227, pp. 67-73, 2016.

O
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B N ext Ste ps . A Tri al Chronic Disease Patient Admitted to Hospital

What did we predict?
» Unplanned re-admission within 30 days of discharge from
hospital
» Unplanned ED re-presentation within 30 days of
discharge from hospital
Risk Score generated overnight
Research Questions : Does the algorithm:
» Improve the process of identifying patients at high
risk of unplanned re-hospitalisation?
* Reduce re-hospitalisation rates?
» Provide information to staff not readily available at
the time of discharge planning?

Risk score used by care teams for appropriate
Trial Phase 2 Apr 2019 to March 2020 interventions and care/discharge planning

Townsville
Hospital

Mid-Trial Surveys & Focus Group  During and at the end of trial
Post-Trial Evaluati Apr 2020 to Jun 2020
ost-Trial Evaluation pr 2020 to Jun Australian e-Health

Queensland
Research Centre
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> Web-based Decision Support Tool

Overview

[Tosay Au ] searcn| Export

Admission Date Last Discharge Date LOS 180 days Readmit RISK ED RISK

09 May 2019 02 May 2019 22 28 2 80 Top 5% Top 5%
19 May 2019 15 May 2019 67 3C 4 6 Top 5% Top 5%
19 May 2019 04 May 2019 69 3A 7 16 Top 5% Top 5%
19 May 2019 07 May 2019 64 3A 3 19 Top 10% Top 5%
20 May 2019 15 May 2019 54 EDCDU 3 25 Top 10% Top 10%
20 May 2019 13 May 2019 59 ac 3 37 Top 10% Top 5%
20 May 2019 11 May 2019 53 MAPU 3 1 Top 10% Top 5%
20 May 2019 30 Apr 2019 69 38 2 16 op 10% Top 20%
20 May 2019 04 Mar 2019 39 2K 2 14 Top 20% Top 5%
08 May 2019 14 Apr 2019 17 2A 2 21 Top 20% Top 10%
19 May 2019 10 May 2019 91 3c 3 10 Top 20% %
20 May 2019 19 May 2019 2 EDCOU 1 10 Top 20% op 10%
19 May 2019 80 AMU 2 18 Top 20% Top 40%
20 May 2019 29 Apr 2019 54 EDCDU 3 Kl Top 20% Top 5%
20 May 2019 05 May 2019 28 EDOSSW [ 9 Top 20% °
18 May 2019 16 May 2019 30 20 3 2 Top 20% Bottom S0%
16 May 2019 39 2C 0 20 Top 20% Top 20%
13 May 2019 10 May 2019 49 2C 4 68 Top 20% Top 20%
11 May 2019 02 May 2019 15 2A 2 56 Top 20% Top 20%
16 May 2019 28 Mar 2019 28 3C 1 1 Top 20% Top 20%

Queensland L(:)v;l;?t\;illle Australian e-Health
Government Research Centre




> Web-based Decision Support Tool

WORKFLOW FILTERS

|Today Al EE rch |

Overview

Patient UR Admission Date Last Discharge Date Age Readmit RISK ED RISK
09 May 2013 02 May 2013 22 28 2 80 Top 5% Top 5%
19 May 201 3c 4 6 Top 5%
19 May 201 3A 7 16 Top 5%
19 May 201 TOd ay A” 3A 3 19 Top 5%
L T e 5 o m—— ey
20 May 201 3C 3 37 Top 10% Top 5%
20 May 201 | I—aSt 7 Days A" MAPU 3 1 Top 10% Top 5%
20 May 201 ED=25inlast 31 days a8 2 16 op 10% Top 20%
20 May 201 2K 2 14 Top 20% Top 5%
P ot AGE less than 18 o 5 ks st e
8 May 2 < 2 2 20% op 10%
19 May 201 Interpreter Required ac 3 10 Top 20% Top 10%
20 May 201 Dlabetes EDCOU 1 10 Top 20% Top 10%
19 May 201 AMU 2 18 Top 20% Top 40%
20 May 201 EDCOU 3 4 Top 20% Top 5%
20 May 2019 05 May 2019 28 EDSSW 6 9 Top 20% Top 10%
18 May 2019 16 May 2019 30 20 3 2 Top 20% Bottom 50%
16 May 2019 a9 2C 0 20 Top 20% Top 20%
13 May 2019 10 May 2019 49 2C 4 68 Top 20% Top 20%
11 May 2019 02 May 2019 15 2A 2 56 Top 20% Top 20%
16 May 2019 28 Mar 2019 28 3ac 1 1 Top 20% Top 20%

Queensland L(:)v;l;?t\;illle Australian e-Health
Government Research Centre




> Supporting Clinician Decision Making

Vg
Stays B stays (180 days)
ED Visits 13 wisits (180 days)
Age b wears old

Abnormal Patho...

Australian e-Health
Research Centre
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> Supporting Clinician Decision Making

o
Stays 6 stays (180 days)
Age 74 years old
Unit CARD
ED Visits 3 visits (180 days)

Australian e-Health
Research Centre
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www.nature.com/scientificreports

scientific reports

> Next Step: Statewide Validation - wmesrecs ™

of unplanned re-hospitalisation
using statewide electronic health

Cohort: Patients with at least one chronic disease ED T s
presentation / hospital admission at any Queensland public T T 2
hospital over 5 years. e e
Data Employed: Emergency Presentations (EDC), Inpatient = _ﬂmr “";’“’"
Admissions (ePADT), Death data (death registry), In-hospital :‘::m;m e
Pathology (Auslab), In-hospital Medications (eLMS) e
Unplanned Hospitalisation metrics of interest: P———— %%ﬁgggﬁjﬁfg@ﬁ;
« 30-day unplanned readmission (RA30) REPg}RT S e e e e
« 30-day unplanned ED re-presentation (RP30) e e o e e
« 30-day unplanned ED re-presentation (ED discharge) (RP30E) S P —
Brankovic A, Rolls D, Boyle J, Niven P, Khanna S. Identifying
Hospital peer groups patients at risk of unplanned re-hospitalisation using statewide

. electronic health records. Sci Rep. 2022 Oct 5;12(1):16592.
 Principal referral

« Childrens hospital

. ueensland BRZEE Australian e-Health
« Public acute Q a

Government ey Research Centre




> In Summary: The Path to Value/Impact

* Engage and codesign with stakeholders

* Focus on understanding translational needs early on
 Frameworks, Standards and Governance

* Ensure statistical rigor and account for challenges

» Choose the right outcome measures

» Tackle social, ethical and regulatory matters

* Innovation can help resolve traditional challenges

» Value of understanding the domain and data

* Empathise with pain points of problem owners

Y & 2 Y?’PF .\
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Questions ?

Rudolf Schnetler - Rudolf.Schnetler@health.qld.gov.au
Townsville Institute of Health Research and Innovation

Sankalp Khanna - Sankalp.Khanna@csiro.au
CSIRO Australian e-Health Research Centre

Queens[and m;glue Australian e-Health
Government Research Centre

healthtranslationqld.org.au %+61 73346 4637 DA info@healthtranslationqgld.org.au




