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e [ur vision is to use bigdata and Al research to help overcome inequity in health outcomes
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ld Sepsis Al Working Group

e There's noiin TEAM ...
e Professor lan Scott, Dr Anton Van Der Vegt, Rudaolf Schnetler and Vikrant Kalke
o (Bl eHealth - Cathi Ryan, Wil Wentholt

e [linical Excellence Queensland - Michael Rice, Kirstine Sketcher-Baker

e [linical Excellence Commission NSW

e Dr Amith Shetty, NSW Ministry Health
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*|nfection ...
and Body shuts down’

* (rgan dysfunction - need machine support in an [CU - %fe syppart’
o [enetic response - inbuilt in your body

o [lobal Health Emergency - | in & deaths worldwide
« a000-10000 deaths/year Australia

« There is N single test for diagnosis
o <% of emergency dept presentations - meedle in haystack

@ThelnstituteDH #MEDINFOZ3
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|t turns out Sepsis is hard to diagnose...

Just ask Matthew if it's time critical...

Every minute counts!

MATTHEW and DIANE AMES

with Kate Ames
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Impact of 1-hour and 3-hour sepsis time bundles on patient outcomes
and antimicrobial use: A before and after cohort study

Balasubramanian Venkatesh 2 [« Luregn Schlapbach « Donna Mason « Kathryn Wilks « Robert Seaton

Paula Lister « Adam Irwin « Paul Lane « Lyndell Redpath « Kristen Gibbons « Endrias Ergetu « Michael Ricé s  Showless

« Published: November 01, 2021 « DOI: https://doi.org/10.1016/j.lanwpc.2021.100305

e |mproved time to antibiotics
e Jecrease need for |CU

* Reduces mortality

@ThelnstituteDH #MEDINFOZ3
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Emergency Department
Non-pregnant Adult Sepsis Pathway
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The Problem

@ThelnstituteDH #MEDINFOZ3




i o/
28!
»
W
2 B e P ’., v, Y <
T Ta it W
& (L1 Wy v
P &3 5 () s
e
» f vQ
X3 18es 0.0 s
& .' Y o.O
paets
pre
0500
XA
1%
18t

8 - 12 JULY 2023 | SYDNEY, AUSTRALIA

Why Is Aviation so SAFE?? “today Il turn
off the onboard augmented intelligence...”
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Foiiiiaes pebesd

Coffin Corner... B R oTneome

The Risk of Unstable o
Flight

00 SSSSPTIES SRS

" en-Ss Pt s - Sesuboss s Pateclsss santncd s saprote
i MACH BUFFET ENVELOPE ¥
£ FOR CRUISE CLIMB AT

= MAXIMUM POWER

At high altitude the stall speed

(plane falls from sky) is very .
near to critical Mach number bl
(maximum speed) where lift is .
lost due to shock waves and -
drag is increased 3

fite ENVELOPE FOR CRUISE
s CLIMB AT MAXIMUM POWER

 Both followed by structural

failure as airplane falls o B s s
R CONSTANT VEGHT
« Small margin for error S ASE
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[he tdge of Lhaos' Problem

o [linicians warking in the complexity of modern healthcare live on the edge of chaos where
demand always exceeds capacity.

The Relations between Order and Adaptability

Edge of
Hig Chaos chaes Ragidity
o} L P Lt

= Hieh | - Tight control
B - Hi
r:; = . | - Lack of

= uncertainties ..

— creativity and
= - Randommness - )

oo 1Mo AT1ION

=
=

Lo

Low r Hig
- Degree of order -
- Open svstem

- Drversification
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How do we support busy clinical teams?

e We build and test Adult Sepsis predictive algorithms using Artificial Intelligence to provide
timely clinician support to assist with the diagnosis of Sepsis

o Faul proceed until apprefended et tei noren

@ThelnstituteDH #MEDINFOZ3
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QLD Sepsis Algorithm Roadmap

Strategies
for production
l Model testin 13; alerts being
M1 Funding F[ﬁjaﬂ‘l Dat M7 with 9 _ Final Model sent in live
Approval M4: Irglqﬁirmﬁan?sa stakeholders M10: delivery environment
in the ieMR
Getting TUH .
M E i _Froposed S;Iu‘tlun I ] Stakehaolder
h::ﬁ'!-i Ves on MS.DH.H Collectian- MB8: Model iteration M11: Eﬂﬂ'&!‘:ﬂe
iehR deploymeant
CEC, NSW i
M3: g Initial Model . Further model . Review
Project f,‘r:'r'fnt:}fgtg}" : development M?: tasting of Mi12: Efgscess with
Flanning Alnarthm iteration/s
Start g
Thank you NSW/
May
Mar  April May June April July | Aug

Q1 Q3 Qs B as-

- Implementaticn Project closure
Funding Approval : TEspeoirt
Racruitment - '_ - )

QLD Sepdignrihm_w2_ Wik Kal
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Ethics

Human
Research
Ethics
Committee
(HREC
Approval)

Sigle site
or

Multiple sites

Privacy
Impact
Assessment

Low risk research project — Journey (As Imagined)

"

Data custodians

PHA — ieMR site
specific approvals
(HIMS)

Q

PHA — Pathology
QLD approval

PHA — Statistical
Service Branch
Approval (ICD-10)

PHA - ieMR Statewide
data custodian

Public Health Act

PHA — Health
Innovation.
Investment and
Research Office-
Director General/
Delegate Approval

Timeline

R.G.O
Data
obtained
Research from
Governance "
officer ) Systems-
ensure site / Project
specific
obtained
from
Executives
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Low risk research — Journey (As Done)

Ethics Data custodians Public Health Act R.G.O
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12 Digital Hospitals — REAL EMR Data

Merged 4 yrs EMR data: 524,000 patients with 1.13M encounters

10,922 encounters coded sepsis (ICD-10)

26,753 sepsis encounters by an alternative Sepsis 3 classification

3.4 trillion bytes

Median age 64, mortality of 10%
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print('Create RepeatedStratifiedKFold splits...")

” )
M/ﬂrﬂsﬂﬁ rskf = RepeatedStratifiedKFold(n_splits=18, n_repeats=3,random_state=42)

- sen_list = []
Light’G5W
ppy_list = []
npv_list = []|
auroc_list = []
acc_list = []
interval list=[]
nsw_feature_importance = pd.DataFr

Age<30

print('start training across splits...

v, \JO for train_index, test_index in rskf.spl‘i-f)ﬁ Y

or Unﬁt? es print("TRAIN:", train_index, "TEST:", test_index)
X_train, X _test = X[train_index], X[test_index]
y_train, y_test = y[train_index], y[test_index]

Eat pizza? Exercise

n Model

print{'T
train_data = lgb.Datase
max_depth = 128

param = {'max_depth":max_depth, "num_le

(X_train,label=y train)

v
pd
Q
<
[41]
w
&
Q

(2*max_depth),

num_round = 588

model = lgb.train(param,train_data,num_round)
print{ 'Predicting
y_pred = model.pr
y_pred=y_pred.as
nsw_feature_importance = nsw_feature_importance.append(pd.DataFrame({ 'Gain':model.

nfit Fit Unfit

ct(X_test).round(@)
(int)

sen_list.
spec_list

end(results(y_pred,y_test)['se
nd{results(y_pred,y test)['Spec
ppv_list end(results(y_pred,y_test)['PPV"])
npv_list end(results(y_pred,y_test)[ 'NPV"])

auroc_list.append(results(y pred,y_test)['AUROC'])

acc_list.
acc = accuracy score(y_test,y pred)

= -acc))/flen(X_train))
interval_list.append(inter)

end(accuracy_score(y_test,y_pred

inter = z ¥ =qri((acc

- T M H print("saving lightgmb data")

Machine Learning - lots of decision trees =i i i o rus o -

S vity': [np.mean(sen_list)],
i i np.mean(spec_list),
(ppv_list)],
[ npv_list)],
":[np.mean(auroc_list)],
":[np.mean{acc_list)],
:[np.mean{interval_list)]

The Algorithm learnt from the ‘weakest’ trees!

Explainable Al...

@ThelnstituteDH #MEDINFOZ3
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Algorithm Performance Timeline

Risk of Sepsis
Observations Pathology s
EMR Predicted
continuously

ED Admission
Community Triage , . . Outcome
N\ I / ") N
——— Trigger Window «—————
N AU ROC 0.93 © Sepsisn?ett:riteria
D R A F'l' Sensitivity 94%
Specificity 92% Data ceased to

Initiation algorithm

@ThelnstituteDH



INFO.

8 - 12 JULY 2023 | SYDNEY, AUSTRALIA

Algorithm sensitivity  Specificity PPV NPV
QLD LightGBM 48 93.96 91.69 53.24 99.34 0.93
QLD Weighted LightGBM 48 80.23 84.03 68.10 96.77 0.87

Table 11 Machine learning Results with Additional F eatures

DRAFT

Weighted - removes bias of small sample

@ThelnstituteDH #MEDINFOZ3
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B —
Platelet Count

Bilirubin (Total)
Alkaline Phosphatase
Owygen flow rate

Base Excess

Calchum Level

Urea

Newtrophils

Glasgow Coma Score
White Cell Count

Blood glucose, Capilary
Magnesium Level

P hosp hate Level
Respiratory rate

Diastolic blood pressure

Feature

Bicarbonate Level

Chloride Level

Blood Gas Lactate

Sodium Level

Potassium Level

S5p02

Anlon Gap

Peripheral pulse rate

Fall

Altered level of consdousness
Limb/joint pain

Increased respiratory effort/distress

Requaesting investigation

#MEDINFOZ3

|24 Features

..vs human
Cognitive load...
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Results/Alerts by hours from admission
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The road to hell is paved with good intentions ...

JAMA Internal Medicine | Original Investigation

External Validation of a Widely Implemented Proprietary Sepsis
Prediction Model in Hospitalized Patients

Andrew Wong, MD; Erkin Otles, MEng: John P. Donnelly, PhD; Andrew Krumm, PhD; Jeffrey McCullough, PhD;
Olivia DeTroyer-Cooley, BSE; Justin Pestrue, MEcon; Marie Phillips, BA; Judy Konye, MSN, RN;
Carleen Penoza, MHSA, RN; Muhammad Ghous, MBBS; Karandeep Singh, MD, MMSc
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The need to overcome the bad stuff ...

o Community suspicion, lack of trust
e [nequity

« Bias

e Consumer Privacy Fears

e Ethical Debt

e Fear of the unknown

o [Joctors are a suspicious bunch generally...

@ThelnstituteDH #MEDINFOZ3
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Joumal of the American Medical Informatics Association, 2023, 1-13
https://doi.org/10.1093/jamia/oc ad088

Research and Applications

/\MI/\ OXFORD

Research and Applications

Implementation frameworks for end-to-end clinical Al:
derivation of the SALIENT framework

Anton H. van der Vegt (®, lan A. Scott?, Krishna Dermawan®, Rudolf J. Schnetler®,
Vikrant R. Kalke®, and Paul J. Lane®

'Centre for Health Services Research, The University of Queensland, Brisbane, Australia

’Department of Internal Medicine and Clinical Epidemiology, Princess Alexandra Hospital, Brisbane, Australia

3Centre for Information Resilience, The University of Queensland, St Lucia, Australia

':Schcml of Information Technology and Electrical Engineering, The University of Queensland, St Lucia, Australia

“Patient Safety and Quality, Clinical Excellence Queensland, Queensland Health, Brisbane, Australia

®Safety Quality & Innovation, The Prince Charles Hospital, Queensland Health, Brisbane, Australia

Corresponding Author: Anton H. van der Vegt, PhD, BE, BSc, Centre for Health Services Research, The University of Queensland, Princess Alexandra Hospital,
3 Cornwall St, Woolloongabba, Brisbane, Queensland 4102, Australia; a.vandervegt@uq.edu.au
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Staged Clinical Al Implementation Framework -

— OALIENT

o Full disclosure, honesty and transparency, rigor in evaluation
e Clinician lead, not for profit

The Elephant in the room ..
« [o 000 Al papers in healthcare since 2020

e 43 published implementations

o Fnd to end implementation framework allowing for staged evaluation of the A/l algoritims
e Derived from various accepted Al research models - TRIPOD, DECIDE Al CONSORT Al

@ThelnstituteDH #MEDINFOZ3
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Journal of the American Medical Informatics Association, 00(0), 2023, 1-13
https://doi.org/10.1093/jamia/oca d075 /\ M | /\

Review

Review

Deployment of machine learning algorithms to predict
sepsis: systematic review and application of the SALIENT
clinical Al implementation framework

Anton H. van der Vegt (', lan A. Scott?, Krishna Dermawan?®, Rudolf J. Schnetler?®,
Vikrant R. Kalke®, and Paul J. Lane®

'Queensland Digital Health Centre, The University of Queensland, Brisbane, Queensland, Australia, "'Daparlmanl of Internal Medi-
cine and Clinical Epidemiology, Princess Alexandra Hospital, Brisbane, Australia, ICentre for Information Resilience, The Univer-
sity of Queensland, St Lucia, Australia, *School of Information Technology and Electrical Engineering, The University of
Queensland, St Lucia, Australia, *Patient Safety and Quality, Clinical Excellence Queensland, Queensland Health, Brisbane, Aus-
tralia, ®*Safety Quality & Innovation, The Prince Charles Hospital, Queensland Health, Brisbane, Australia

Corresponding Author: Anton H. van der Vegt, PhD, BE, BSc, Queensland Digital Health Centre, The University of Queensland,
Princess Alexandra Hospital, 34 Cornwall St, Woolloongabba, Brisbane, QLD 4072, Australia; a.vandervegt@uq.edu.au

i 2
How does it perform . Adding Rigor to the process...
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Definition ™ Retrospective Study ™  Silent Trial - Pilot Trial = Large trial/Roll-out
Elements (Stage ) (Stage IT) (Stage 111) (Stage V) (Stage V)
- " Froblem
A. Specification definition
Preparation I v{ (iamcd;nr;ﬂow de;icni } -.(nm:u workflow dcv/wu ] o{ (lumcd workﬂaw wdﬂc I
R . - - S . 4
8. Component -{ Al model design l dev/test ] '{ Al model update * Al model update J '{ Mm update J
development { Preparation " 0{ Osts prpeline design ] '{_Oda pzt}'me dev/iest (live) J * Data pipelne update ] '{ Dm DIM“M m ]
[ Human comp. int. design * HCI dev/test ] -{ HC update ]
L A - . x | i
C. Combination of Techmical System (TSvi) Technical System (TSe2) = %u;\ e
components into =Data pipeine « Al mode = = TSl + updates « User 1 1502+ system updates
mAegration/test interface integrationytest vy
a system b= .
L LA .
D. Integration of Clinical Solution (CSv1) Clinical Solution (CSv2)
System into = TSva+ CUincyl workfiow = - = CSvl « TSe3 « ypdated
environment Solution 1 {$1), integration Qinical workflows

L 4

Evaluate & Monitor TSyl

performance

E. Routine Use

>
v

o Evaluate & Monitor TSvZ,
Civl performance

Evaluate & Monitor TSé3
CSv2 performance

F. Organisation
engagement

G. Policy domains

@ThelnstituteDH #MEDINFOZ3
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Silent Trial - Stage Il

e Prospective Evaluation
« alarge [Id Digital Hospitals
« Semi real-time data feed from Clinical Business Intelligence, Ehealth OLD

« Begin Aug-Sept 2023

@ThelnstituteDH #MEDINFOZ3
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Reflections

« Data governance is hard - a major blocker in Old!
e De-identified real data will be essential for researchers/universities

e [nce evaluated ‘in-silico’, presented to real time data for further evaluation - a staged
approach, measured evaluation and rigor

e Building an end-to-end framewark for the future

e tthical Debt - the need to engage the community

« Jeteriorating Patient work next... our false positives!
e First Nations (ISA - burden of sepsis

@ThelnstituteDH #MEDINFOZ3
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