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Urinary tract infections (UTI)
in children:

building a causal model-
based decision support tool
for diagnosis with domain
knowledge and prospective
data



Acknowledgements

Yue Wu

Anita Campbell

Paul Ingram

Nick Larkins

Steven Mascaro

David Foley

Meredith Bowland

Tim Robertson

Tom Snelling

Ariel Mace

Chris Blyth

Phoebe Williams

ADAPTIVE HEALTH

EEEEEEEEEEEEEEEE



Kids

lons In

UTI Infect
The clinical problem

ADAPTIVE HEALTH
INTELLIGENCE

EVIDENCE IN ACTION



Il
Need for Clinical Data

Development and prospective evaluation of a dynamic antibiogram to
guide empiric antibiotic treatment of urinary tract infections in children

The PEA Study
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1 11
Obtaining Clinical Data — The PEA Study

Child (<13 years) presents to the ED and is
I diagnosed with a suspected UTI

During ED Eligibilit t met -
prel;';:tgation ED Clinical staff check for eligibility > ‘6! :E;(gllun(;)edme
ED Clinical staff provide the parent with a
summary sheet and participant information sheet

ED clinical staff collect permission-to-be- contacted Permlss(;c;?]:;o dcontact

o I Research team phones parent and obtains a Consent not provided
Within 5 days of record of consent

ED presentation

Mature minor withdraws

I Permission for the collection of Laboratory and Clinical from the study
data obtained

Within 14 days of Survey 1 collected from parent ADAPTIVE HEALTH
ED presentation (NTELLIGENCE
I Survey 2 collected from parent EVIDENCE IN ACTION
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UTI clinical pathway

Urine,
Present (sometimes) Urine and blood
to ED blood collected  sent to lab 5
Available " pemographics, ) (* ~30 min, € ~1/2 da h ~1 davs " ~2 days full set )
information | ¢jinjcal history urine v V> of antimicrobial
L Blood test culture _,
symptoms and dipstick susceptibility
signs results results results profiles
- j - J
. J : ;I_/ (& | J

|

| | I I
' ' | |
\ 4 \ 4

Modify prescription if

needed

Empiric antibiotic
prescription
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Building a solution

Infection
pathway

Contamination
s
Management
pathway

Expert DAG

Age, continence,
sex, circumcision

Ability to obtain clean
catch urine (d24)

Age

Epithelial cells in
specimen (d29)

Organisms
extenal genitalia (d12)

Blue text: latent variables
Brown text: other background nsk
factors that may causally influence
specific variables (listed to omit
arcs for simplicity)
Age, sex, circumcision,
continence, diarrhoea

present on

QOrganisms present in
the urinary tract (d13)

UTI: organisms
pathogenically invade
urinary tract (d15)

Lab processing
factors (d26) /"

N . \ 1 |
Collection "\ |
procedure Spe_LcimezH N 'l

S contamination | Presence of |
risk (d27) ! non-causative \ |I
— organisms in
specimen (d28)

—Age, sex

Age, comorbidities

Comorbidities

Current & historic
~ \_ antibiotic use (d11)

Organisms in
bloodstream (d14)

Non-localising signs
& symptoms (d16)

Agel
“Biomarkers L
1020)

Imaging
result (d21)

¥ Incompatible signs N
& symptoms (d18) ‘

Initial assessment
(d1)

. Initiate, stop or change
antibiotics (d10)

Age, sex, circumcision,
continence, diarrhoea,
recurrent UT1, and other
comorbidities

Age, comorbidities,
time to seeking and
initiating treatment

Risk of developing
. complications (d22)




Expert DAG — Management Pathway

Background
factors & clinical
history

Signs, symptoms
& evidence from
clinical
investigations

Laboratory
information

Initial
assessment

Provisional
diagnosis

Updated
diagnosis

Further
management
decisions

Empiric
antibiotic
prescription

Patient
progress
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Expert DAG — Infection Pathway

Background
factors

Organisms in
the urinary
tract

Organisms
infecting the
Urinary tract

Signs and
symptoms
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Expert DAG — Contamination Pathway

Background
factors

Organisms
from outside
the urinary
tract

Ability to

produce a
clean urine
specimen

Specimen

contamination ADAPTIVE HEALTH
INTELLIGENCE
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Expert DAG — Convergence of Pathways

Background
factors

Organisms
from outside
the urinary

tract

Bacterial
Culture
Result

Organisms in
the urinary
tract

Organisms
infecting the
Urinary tract
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Developing the solut
Bayesian Network Model

Labelled for illustrative purpose
Infectlon palhway

Contamlnatlon
pathway
Management
pathway

[ Background risk factors

lon

Current & historic
antibiotic use (e)

A
Urine collection
method

Signs, symptoms,
E:[biomarkers, imaging (b) l

Laboratory
procedural factors

Urinary tract
Specimen
contamination risk (d)

|
\

Send urine to lab

[ Microsocpy and culture results (c)

o

Initial assessment

| .

Diagnose
suspected UTI (a)

Risk of developing
complications
Empirically
prescribe antibiotics

Patient progression '
Y i
Update clinical

diagnoses

-,

Initiate, stop or
change antibiotics
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Developing the solution

Bayesian Network

Model

Is this a prediction
target of the

Yes

Keep

[Yes—}

Is the data in good

—es—p Keep

guantity and quality?

applied model?

Yas—m

Can this variable be
directly mapped to
available data?

an ‘

Is this variable useful for
differentating the
prediction target?

— N

Consider
drop

INu—}

—

Mo

Can this be improved by
merging with other data
points?

| Can this variabl
model structure, e.g., by reducing
the size of CPTs?

e help simplify the

No
S

Consider drop
unless it's

conceptually useful

Merge and
—>
Yes ﬁL
|
Consider drop, unless
___no—> it's helpful to explain
the causal story

Keep and work on how to

Yes_3 pest parameterise it, e.q., by

surveying the domain experts
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Developing the solution
Bayesian Network Model

Expasion for the Application BN
The Expert DAG

Simplification

Ecoli local
colonisation
(b7)

Other gram
negatives local
colonisation (b8)

Gram positives
local
colonisation (b9)

Organisms in
circulation (d14)

Organisms present on
external genitalia (d12)

Local
colonisation

Organisms present in
the urinary tract (d13)

Causative
pathogen for
UTI (b10)

UTI: organisms
pathogenically invade
urinary tract (d15)

The Application BN with defined variable states

Ecoli local

colonisation (b7)

High
Low

O negatives local
colonisation (b8)

Other gram

Gram positives

© |ocal colonisation

(b9)

High
Low

High
Low

V4

&

Causative pathogen for UTI

(b10)

EColi

OtherGramNeg

GramPos

None
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Developing the solution

Blue text: Latent variables

Contamination Age group (b1)
pathway

Co N AN
Infection pathway (b4)
XIS / "
KGNS AN
Other gram “=-_—‘_=—-—- /

Ecoli local

Urine collection
method (b13)

neg local

colonisation (b7 colonisation colonisation (8> Causative pathogen (b10)
Management . _ -
pathway ' ‘ ) \p EColi 0%
Specimen \ OtherGramNeg 0%
Epithelial contamination ' ‘ "‘ GramPos 0% ::tr;tp(:i?ti;ﬁ')
cells (b14) sE) 's- ' “ éﬂ None 100% Y

Gram pos local

Microscopic rowth of .'wth of &=,/ Growth of
ram pos
analysis (b16, b22) E.coli (b17) c:lt;r(g:ast;l g (b1g)°
v i
Dipstick results || Blood markers | | Signs, symptoms and
(b20-21) (b23-25) imaging (b26-37)




1 11
UTI clinical pathway

Urine,
Present (sometimes) Urine and blood
to ED blood collected  sent to lab 5
Available " pemographics, ) (* ~30 min, € ~1/2 da h ~1 davs " ~2 days full set )
information | ¢jinjcal history urine v V> of antimicrobial
L Blood test culture _,
symptoms and dipstick susceptibility
signs results results results profiles
- j - J
. J : ;I_/ (& | J

|

| | I I
' ' | |
\ 4 \ 4

Modify prescription if

needed

Empiric antibiotic
prescription
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WEEE R (Clinical scenario - eondn

Other gram  Gram pos.
neg. UTI UTI

5- month old boy, 76 47

Initial fever, irritable, on
observations abx prior to ED 13 16
' '
Nitrites not Nitrites
Dipstick test detected detected

CRP CEP 69 25 CEP 99 68 90 60 Cép 100 83
not CRP
Blood test o | 10 I 11 33 | 80 14 17 | 24 6 | 15 2

|solated |soIated |soIated

78 48 387 76 g8 50]93 80
24 5 31 8 11 3

|solated isolate d |solated

| 66 46 @66 18[g1 52 f99 59
E.coli
culture [ 12 3517 18 22

N t NOt NOt
[ NOt [ Isolated J NOt Isolated IsoIated } Not Isolated Isolated ] Isolated




1 11 Clinical scenario

B BN predicted probabilities of UTI (%) BSAR E.coli UTI
3-year-old girl, reported among the PEA cohort:

Initial abdominal pain,
observations  pyring, smelly urine, Em Other Gram pos.
reperted no fever Em gram neg.  UTI
UTI

Further clinical No abnermal EE Abnermal mm
investigation urlnarryr tract urmary fract
1926 25128

Further clinical Temperature mm Temperature mm Tempereture mm Temperature mm
investigation 37 37 38
| E! 1 E!E | E |

35 |31
! ! { ! }

Dipstick Nitrites rat Nltntes Nitrites ncg "tntes Nitrites not Nltntes ~Nitrites nnt Nitrites
test detecte 97 Eletecte cletected 97 27 ecte detectecl tecte 76 detectecmm=tected

m E A_?mﬁ_m‘ﬂ E 213 A_gi 48]6

N'phils Nphlls Nphlls N*phlls Nphlls Nphlls Nphlls Nphlls Nphl|5 Nphlls Nphlls Nphlls Nphlls N’phlls Nph|ls Nphlls
Blood 9

test ﬂWEEEWEEEﬂEMntmE‘
T 2 2 0 i O I 2 N




1 11
Model performance

Frequency

Frequency

Input scenario:(a) Background only

Input scenario:(b) (a) plus signs & symps

40
Observation Observation
35 { mmm NA 351 mmm NA
B Negative B Negative
30 | mmm Positive | og loss=0.68 30 1 e Positive | og loss=0.69
AUROC=0.64 AUROC=0.70
25 1 251
20 g 20 1
15 . E 15 -
10 10 -
5 - 5 -
0.0 02 04 06 08 10 0.0 02 04 0.6 08 10
Predicted probability of culture positive E.coli Predicted probability of culture positive E.coli
© Input scenario:(c) (b) plus urine sample with dipstick Input scenario:(d) (c) plus all available results
Observation Observation
35 1 mmm NA 351 mmm NA
B Negative B Negativ
30 | mmm Positive | og loss=0.54 30 1 mmm Positivd | og loss=0.44
AUROC=0.81 AUROC=0.86
25 1 251
20 g 20 1
15 . E 15 -
10 10 A
5 - 5 -
0 = T 0 T

0.0 0.2 04 0.6 08 10
Predicted probability of culture positive E.coli

0.0 02 04 0.6 08 10
Predicted probability of culture positive E.coli
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1 11
Implementation of a CDSS in clinical practice

Clinical

= =
© 0o
£
o

g e

)
]
a
o
3
T

1st, is this a bacterial 2nd, should |

UTI? What is the most change my

decisions

Time from intial ~40 mins ~4 hrs ~1-2days ~10days ~ 30 days
examination: ~20 mins
> Onset of Presentto ED, | [Urine sample | | Receive antibiotic | [ Recover J
£ g|[symptoms consult with ED taken Discharge from ED | | Re-present to healthcare system,
-% 8| [Presentto GP, doctor Blood sample recieve different antibiotic
Q. B |recieve antibiotic taken . Admitted to hospital, duration of stay |
from GP [ Re-admission ]
2 | |Patient's background information, history of ‘ Dipstick | Biood test | Culture results
& || presenting iliness, signs and symptoms results results 'AST results |
g upon medical consultation Microscopic —
investigation results | I Patient outcomes

3rd, is this a

contaminant?

likely causative diagnostic and Should | change
pathogen? Antibiotic prescribing my prescribing
use? Do a blood test? decisions? decision?
oottﬂ:jitg?ilon [ Take urine sample | . _ g , -
in ED i | Prescribe antibiotic or not | | Change antiblotic |
[ Diagnose suspected UTI | I Admit or discharge | | B&-admissiun |
B . 2 Discharge from hospital,
| Take blood sample | P,

Eligibility criteria Clinical decisions |

Numerical evaluation targets

Patient events
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1 11
Implementation of a CDSS in clinical practice
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Discover. Prevent. Cure. I

Questions?

Jessica Ramsay
Jessica.ramsay@telethonkids.org.au
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